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0800-0930 Registration

0930-0940 Welcome

Chair: Claudio Tuniz

0940-0950 Business Communications - R Fullagar

SESSION 1 Chair: Claudio Tuniz

0950 Opening Address - Dr David Gilbertson
Institute of Earth Sciences, University of Wales
GEOARCHAEOLOGY

1030 Morning coffee

SESSION 2 Chair: Lesley Head

1100 HUMAN IMPACTS IN AUSTRALIA AND SOUTH WEST PACIFIC

1105-1120 Archaeology and palaeoecology of Yap, Federated States of Micronesia
Dodson J R and Intoh M

1120-1135 Determining the impact of humans on Holocene cave deposits: starch
and charcoal methods
Balme J and Beck W

1135-1150 Coastal rainforest boundary dynamics during the Late Holocene in
monsoonal Australia: Evidence from radiocarbon dates of abandoned
nests of orange-footed scrub fowl (Megapodius reinwardt Gaimard) and
post-1940 aerial photography
Bowman D M J S, Panton W J and Head J

1150-1205 Establishing the date of Maori environmental impact in New Zealand
through pollen analysis and radiocarbon dating
McGlone M S and Wilmshurst J M

1205-1220 The last 2000 years at Lake Keilambete: a comparison of Aboriginal and
European impacts at a site in south-western Victoria
Mooney S D

1220-1235 Holocene sequences in Western Australian archaeological sites
O'Connor S and Veth P

1235-1250 Mid Holocene changes in tropical rainforest environments of the
Southeast Asian-Australian region
Kershaw P and Penny D

1250 Discussion

1300 Lunch at delegates' own expense
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20

SESSION 3 Chair: Colin Murray-Wallace

1400 SEDIMENTS AND TIME

1405-1420 Otoliths as recorders of palaeoenvironments: comparison of radiocarbon

age and isoleucine epimerization in Pleistocene golden perch Macquaria
ambigua otoliths from Willandra Lakes
Kalish J M, Miller G H, Tuniz C, Pritchard J C, Rosewater A and
Lawson E

1420-1435 Sediment dating in review
Prescott J R and Robertson G B

1435-1450 Identification of historical lead sources in roof dusts and recent lake
sediments from an industrialised area: indications from lead isotopes
Chenhall B E, Chiaradia M, Depers A M, Gulson B L and Jones B G

1450-1505 Identification of remanie fossils using amino acid racemisation
Murray-Wallace C

Poster Papers
1505-1510 Resolution of Lead-210 chronologies in lake sediments: problems of

mid-core fluctuations in Lead-210-Radium-226 ratios
Haworth R J and Heinjis H

1510-1515 Some thermoluminescence ages in Queensland - a problem resolved

Prescott J R

1515 Discussion

1530 Afternoon tea

SESSION 4 Chair: Robin Torrence

1600 OBSIDIAN & SOURCING

1605-1620 Obsidian from volcanic sequences and recent alluvial deposits, Erzurum
District, north-eastern Anatolia: chemical characterisation and
archaeological implications
Brennan P and Sagona T

1620-1635 Age determination of obsidian source samples from North Queensland
and New South Wales by means of the fission track method
Bonetti R, Guglielmetti A, Malerba F, Oddone M, Bird R and
Torrence R

1635-1650 Obsidian dating prospects
Ambrose W

1650-1705 Recent developments in obsidian hydration dating
Jones M D, Sheppard P J and Sutton D G

Poster Papers
1705-1710 The origin of pumice at Balmoral Beach Aboriginal Shell Midden

Attenbrow V, Sutherland L, Barron J and Hashimoto R

1710-1715 Chinese and Venetian glass beads excavated from Fais Island in
Micronesia
Intoh M
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21 1715-1720

22
1720

1800

New research on glass beads confirms trade and contact between
Southern Africa and Southeast Asia ca. AD 950-1250
Saitowitz-Fenton S J

Conclusion of Session
What have we achieved in Pacific obsidian research?
Green R

Welcome drinks
Level 4 - Australian Museum

TUESDAY 11 FEBRUARY

0830

0930

SESSION 5

1000-1030

1030-1200

1200-1330

SESSION 6

23

24

25

26

27

Pick up at Australian Museum for site visit to ANSTO

Coffee at AINSE, Lucas Heights

Chair: Claudio Tuniz

NUCLEAR SCIENCE AND TECHNOLOGY IN ARCHAEOMETRY

Claudio Tuniz

Visit to AMS facility

BBQ lunch

At AINSE Theatre, Lucas Heights
Chair: Mike Barbetti

1330 ROCK ART DATING

1335-1350 Laser AMS 14C dating of rock surface accretions: implications for
archaeology, rock art studies and the Quaternary Sciences
Campbell J B and Watchman A L

1350-1405 AMS I4C dating of early Anasazi petroglyphs from the North American
Southwest Desert region
Beck W, Donahue D, Burr G and Jull A J T

1405-1420 Radiocarbon determinations for Chillagoe rock paintings: small sample
AMS
Armitage R A, David B, Hyman M, Rowe M W, Tuniz C, Lawson E,
Jacobsen G and Hua Q

1420-1435 Optical dating and palaeoecological investigations of ancient mud-wasp
nests: progress and prospects in rock art chronometry and
palaeoenvironmental reconstructions
Roberts R G, Walsh G L, Olley J M, Murray A S, Macphail M K,
Bowdery D E, Naumann I D, Jones R and Morwood M J

1435-1450 Kimberley rock art dating project

Walsh G L and Morwood M

1450 Discussion

1500-1530 Afternoon tea

1530-1630 BUSINESS MEETING
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28

1630-1730 Return to Australian Museum

1830-1900 Refreshments

1900-2000 PUBLIC LECTURE -
TIMOTHY JULL, THE UNIVERSITY OF ARIZONA
From scrolls to Picasso: AMS radiocarbon dating applied to textiles, art
works and artefacts
Jull A J T, Donahue D J, Beck J W, Burr G S, O'Malley J, Hewitt L,
Biddulph D, Hathaway A L, Lange T E and Toolin L J

WEDNESDAY 12 FEBRUARY

SESSION 7 Chair: Timothy Jull

0830 14C VARIABILITY

0830-0835 A tribute to Henry Polach

29 0840-0855 Radiocarbon calibration curves indicate location dependent differences in

the 14C content of wood
McCormac F G and Baillie M G L

30 0855-0910 Spatial and temporal variation of radiocarbon in tree rings - some
preliminary results
Higham T F G, Hogg A G, McCormac F G, Baillie M G L, Palmer J G,
Xiong L and Brown D

31 0910-0925 Reservoir effects in radiocarbon dating
Head M J

32 0925-0940 Radiocarbon calibration in the Late Glacial and Early Holocene
Barbetti M

33 0940-0955 Radiocarbon dating as a tool for a correlation between climatic records
Hajdas I, Bonani G, Boden P, Peteel D M and Mann D H

Poster Papers
34 0955-1000 The radiocarbon dating project at Aboriginal Affairs Victoria

Godfrey M C S

35 1000-1005 Dendrochronology and radiocarbon dating of conifer trees and buried
logs from the Stanley River, Tasmania
Cook E, Barbetti M, Buckley B, Peterson M, Taylor G, Yu Z, Thomson
B
and Weeks L

36 1005-1010 AMS radiocarbon analysis of microsamples
Jacobsen G E, Hua Q, Tarshishi J, Fink D, Hotchkis M A C , Lawson E
M, Smith A M and Tuniz C

37 1010-1015 Examining sources of bias in radiocarbon ages of New Zealand Kiore

Beavan N R and Sparks R J

1015 Discussion

1030 Morning tea
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SESSION 8

1100

1105-1120

39

40

41

42

43

44

45

46

47

48

49

1120-1135

1135-1150

1150-1205

1205-1220

1220-1235

Chair: Ewan Lawson

OTHER DATING APPLICATIONS

Non destructive measurements for characterisation of materials and
datation of Corona Ferrea of Monza
Milazzo M, Cicardi C, Mannoni T and Tuniz C

Radiocarbon dates from Wairau Bar and their implications for the
prehistoric colonisation of New Zealand
Higham T F G and Anderson A J

The seasonal factor at the prehistoric site of Shag River Mouth, New
Zealand
Higham T F G

Radiocarbon dating of iron artefacts
Cresswell R

Application of the 21oPb-dating technique to establish a chronological
framework of trace element and heavy metal contamination resulting from
the impact of European settlement in estuarine systems of the Sydney
Basin, Australia
Jenkinson A V, Chisari R, Farrar Y J, Heijnis H, McOrist G D,
Tinker R A, Smith J D, Napoli M, Hughes M and James J M

New pots for old. Thermoluminescence authentication of T'ang and Han
Dynasty pottery
Price D M

Poster Papers
1235-1240 High-resolution dating of ancient ceramic kilns in Thailand, Laos and

Burma by radiocarbon and palaeomagnetism
Barbetti M and Hein D

1240-1245 Constraints on the ages of Mid-Pleistocene Megafaunal assemblages from
southern Australia by U/Th dating of associated speleothems
Ayliffe L K, Moriarty K C, Marianelli P C and Wells R T

1245 Discussion

1300 Lunch at delegates' own expense

SESSION 9 Chair: Peter Grave

1400 CERAMICS

1405-1420 Trans-regional technologies? Historic stonewares of central Thailand
Grave P

1420-1435 Emulation and competition in South Italian ceramics
Robinson E G D

1435-1450 Economic interdependence and complexity: Falaj agriculture and ceramic
production in the Southeast Arabian Iron Age
Magee P

1450-1505 Petrographic temper provinces of prehistoric pottery in Island Oceania
Dickinson W R
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50 1505-1520 "Wheelmade pottery" and trans-regional technological constraints on the
potter's wheel in ancient Southwest Asia
Henrickson R C

Poster Papers
51 1520-1525 Trans-regional technologies and the Lapita problem: characterisation of

volcanic glass inclusions by electron microprobe
Grave P, Nockolds C and White P

52 1525-1530 Optical dating at the ANU
Spooner N A, Questiaux D G, Hill N G, Grun R, Tanaka K and
Abeyratne M

53 1530-1535 Classification of the archaeological ceramics utilising the stray neutrons
from the Australian National Medical Cyclotron
Mukherjee B

1535 Afternoon tea

SESSION 10 Chair: Judith Furby

1600 ORGANIC RESIDUES AND STONE TOOL FUNCTIONS

54 1605-1620 Pleistocene grinding and pounding stories from Australia
Furby J and Fullagar R

55 1620-1635 An overview of molecular archaeology using genomic DNA identification
of species
Loy T H

56 1635-1650 Residues, microwear and macrowear
van Gijn A

Poster Papers
57 1650-1655 Plant species identification through the examination of starch grains

Therin M

58 1655-1700 Environmental stability of organic material in archaeological sites

Head J

1700-1715 Discussion

1900 Sydney Harbour Dinner Cruise
Departure from Man O' War Steps, Sydney Opera House

THURSDAY 13 FEBRUARY 1997

SESSION 11 Chair: Alan Watchman

0900 ROCK ART

59 0905-0920 Rock paintings in Fern Cave, Lava Beds National Monument, California:
not the 1054 A.D. (Crab nebula) Supernova
Armitage R A, Hyman M, Rowe M W, Southon J and Barat C

60 0920-0935 Analysis of Laura paint and crust samples: stage 2
Cole N and Watchman A

61 0935-0950 The analysis of pigments on rock surfaces
Fankhauser B, O'Connor S and Pittelkow Y
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62 0950-0955

63

64

65

66

67

68

69

70

71

72

0955-1000

SESSION 12

1000

1005-1020

1020-1035

1035

1100-1115

Poster Papers
Microtopography and weathering of rock engravings
Dragovich D

Provenancing of marble through the use of carbon-14 and oxygen-16
isotopes

Berger I

Chair: Wai Ambrose

OCHRES
The results of spectrographic analysis of pigments from known
Aboriginal quarries and other outcrops in South Australia and from
painting sites in the Olary District of South Australia
Nobbs J M, Nobbs M F and Moyle D W

Application of photoacoustic infrared spectroscopy and PIXE/PIGME to
the analysis and provenancing of inorganic pigments from an
archaeological site
Goodall R A, David B and Bartley J P

Morning tea

Diagenesis and geochemistry of Australian ochre deposits: a review of
methods and prospects for geochemically finger-printing major sources
Smith M A and Fankhauser B

73

SESSION 13 Chair: Dave Gilbertson

1115 PALAEOBIOLOGY AND ECOLOGY

1120-1135 Bone collagen stable carbon and nitrogen isotope variability in modern
South Australian mammals: a baseline for palaeoecological inferences
Pate F D, Anson T J, Schoeninger M J and Noble A H

1135-1150 Palaeo-poo: data from rat scats
Pearson S

1150-1205 Correlation between chemical composition of dental calculus and bone
samples in ancient human burials: perspectives in paleonutritional studies
Capasso C, Bondioli L and di Tota G

Poster Papers
1205-1210 Chemical and physical characteristics of fossil bone

Head J

1210-1215 Stable carbon isotope variability of bone collagen and hair within a
modern population of red kangaroos (Macropus rufus) in south western
Queensland: some implications of palaeoecological research
Witt G B

1215-1220 The use of Pb- and Sr- isotopes for the study of Pacific Islander
population dynamics
Budd P, Gulson B L, Montgomery J, Rainbird P, Thomas R G and
Young S

1220 Lunch at delegates' own expense

1400-1415 Million year records of biomass burning from Australia and Africa
Bird M and Cali J
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74 1415-1430 Determination of prehistoric mammal acquisition patterns using GIS
Huckerby C L

Poster Papers
75 1430-1435 Land snails in Pacific archaeology

Craig J

76 1435-1440 Successful integration of GIS into cultural resource management
Huckerby C L and Poulsen C

77 1440-1445 Computer-aided data capture and spatial analysis in archaeology:
prospects for research and heritage management
Bader H D, Fredericksen C, Jackson M and Reeler C

78 1445-1450 Dust records in the Pleistocene sediments of Fraser Island:
palaeoclimatic reconstruction of wind erosion over the last 600ka
Longmore M E and McTainsh G H

79 1450-1455 Phytolith extraction from sediments: comparison of three techniques

Lentfer C

1500 Afternoon tea

SESSION 14 Chair: Richard Thomas

1530 METALLURGY

80 1535-1550 First Millennium BC iron objects from the North-Eastern Anatolian

Highlands
McConchie M

81 1550-1605 Provenance determination of copper artefacts by the application of
platinum group element and lead isotope geochemistry to the corrosion
products
Snoek W, Sagona T and Plimer I R

82 1605-1620 Archaeometallurgy and the pursuit of provenance: thousands of answers
in search of a question
Thomas R G and Budd P

83 1620-1635 What's in a mine? The need for detailed mineralogical studies at sites of
ancient mining
Crane M, Budd P and Thomas R G

84 1635-1650 Ancient iron and lead isotope analysis
Wright H

Poster Paper
85 1650-1655 Determination of the sources of copper and lead used for British Bronze

Age metalwork by lead isotope analysis
Rohl B M

1700 POSTER SESSION, LEVEL 2 AUSTRALIAN MUSEUM

1800 2000 PUBLIC FORUM - HUMAN COLONISATION OF AUSTRALIA
AND OCEANIA
Chair: Rhys Jones

Panel to include:
Jim Allen Sandra Bowdler
Tim Flannery Peter Kershaw
David Price Nigel Spooner
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GEOARCHAEOLOGY

David Gilbertson

Institute of Earth Sciences
University of Wales, Aberystwyth

The Earth Sciences, like the Physical Sciences, are making exciting contributions to

archaeological understanding. To name just a few- characterization, provenance,

context, process, relationships, situation, taphonomy, antiquity, environmental change

and impact, the past as a management guide to the future- are all matters of current

innovative investigations. As ever,'meaning' remains more difficult. This talk will

illustrate some of the many levels of science and technology that are proving valuable-

ranging from OSL dating, laser ablation ICP-MS, EDMA and statistical modelling to

eye-ball and field notebook.

Illustrative case studies will be presented concerning the earthquake history of the

Jordan Valley, environmental change and ancient farming along the desert margins of

North Africa, the antiquity of volcanic eruptions, the impacts of air-fall tephra, and

industrialisation and air quality.
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SESSION 2

HUMAN IMPACTS IN AUSTRALIA

AND SOUTH WEST PACIFIC



ARCHAEOLOGY AND PALAEOECOLOGY OF YAP,
FEDERATED STATES OF MICRONESIA

J R Dodson, Department of Geography, University of Western Australia, Perth WA
6907, Australia

M Intoh, Department of International Cultural Relations, Hokkaido Tokai University,
Sapporo 005, Japan

The archaeological evidence suggests a complex history of migration and settlement

across Micronesia. The first settlement in the southern Marianas was around 3500 BP

which is about the time Lapita pottery appeared in western Melanesia. The other high

islands of the region have settlement histories of 2000 years or less and the evidence

indicates the directions of settlement were various. The central Caroline islands were

probably settled from the south, Palau received migrants from the south-west, and it is

unclear for the islands of Yap due to their complex linguistic and pottery traditions.

Excavations in the south and east coast of Yap, associated with pottery, appear to indicate

a period of about 2000 years of settlement. The agricultural practice of converting and

swamp mangrove systems for the cultivation of taro commenced relatively late in

prehistory according to oral traditions. Palaeoecological analysis of two systems, one in

the north on Tamil Island and one in the south on Yap Island, indicates this practice has

been carried out for at least 2500 years, and vegetation clearance is evident 1000 years

earlier than the current archaeological record.

We suggest that the earliest 1000 years of prehistory on Yap island is yet to be analysed.
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Determining the impact of humans on Holocene cave deposits: Starch and
charcoal methods.

J. Balme1 and W. Beck2

1. Centre for Archaeology, University of Western Australia
2. Department of Archaeology and Palaeoanthropology, University of New England

Although starch and charcoal are relatively well preserved in Holocene archaeological
rockshelter sites, there has been little use of these materials as measures of human occupation
intensity. Other methods of assessing intensity of occupation have been primarily concerned
with stone artefact frequency and abundance through time, rather than spatial variation in
occupation intensity. The usefulness of starch and macroscopic charcoal as indicators of human
activities is not well known and there has been little assessment of methods of recovery,
identification and quantification. There is a commonly held assumption that large numbers of
remains which cluster in space are indications of a high intensity of occupation of that space.

In common with other biological remains, a major interpretative problem with this assumption
is determining the impact of humans on archaeological sediments and identifying the different
sources of plant remains, as both starch and charcoal can blow into the cave from the
surrounding vegetation. Another problem is the relationship between the distributions of stone
artefacts and plants. This study from Petzkes Cave, a large sandstone rockshelter on the north
west slopes of NSW assesses the utility of these remains as measures of the intensity of human
occupation. We are particularly interested in comparing the intensity of use of different areas of
the rockshelter floor, in the most recent phase of occupation, which dates to the late Holocene.
The total area excavated was approximately 50 square metres, which was mostly removed in
25cm x 25cm excavation units.

In previous work at the site Theunissen (BAhons thesis 1994) had developed a spatial model to
predict the frequency and average size of stone artefacts expected to result from human
trampling and dripline disturbance at Petzke's cave. He looked for associations between the
'extrinsic' features of the rockshelter (ceiling height, feature presence, sediment compaction,
dripline presence, presence of water-affected areas, pH) and artefact distribution. This was
tested using trampling experiments and pattern recognition statistics. Theunissen found that
there was a strong relationship between human trampling effects and ceiling height only. The
drip-line zone had about 20 times the number of artefacts as the other zones. As predicted,
artefact frequency was lowest in the high ceiling(over 2.15m) zones, and the marginal zones (1
less than 1.25m high with soft sediments) and peaked in the transition zones (1.25-2.15m
high). Artefact size was large in both the transitional and marginal zones.

We then developed some recovery anchquantification techniques for starch grains and
macroscopic charcoal (Vinton, BA(hons) thesis 1995 & Martin, BA(hons) thesis 1995) so that
we could compare the factors affecting these plant remains with those affecting stone artefacts.
Starch grains were recovered from sediment samples (using caesium chloride separation),
counted and categorised into shape and size classes. Charcoal and uncarbonised plant remains
were also weighed and counted across the site. The association between the physical
characteristics of the rockshelter and plant distributions was tested using Monte Carlo methods
(Theunissen 1994). The results were as follows:

Starch: Starch grain numbers ranged from 1107 to 53 per square with significantly high
numbers (around 1000) in some parts and low numbers in other parts (less than 100). There
are three 'patches' where starch numbers cluster. Most grains were less than lOmicrons, but
the proportions of large and small show some variability and in most squares there are more
large grains than small- Most starch grains were angular (46%) but there was an almost equal
division of round and subround grains in the samples, and very few elliptical grains. Plots of
macroscopic plants and starch grains showed quite different distributions. The only significant
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association for both grain sizes was with the dripline where more starch than expected was
recovered within 1 m of dripline. No other factors (eg.pH and features) were significantly
associated with clusters of small or large grains.

Vinton (1994) suggested that starch grains appear to be more likely to remain in situ, when
compared with macroscopic plant remains and this makes them useful for studying spatial
patterning. Further work is needed on the identification of starch and the deposition of starch
outside rockshelter environments.

Charcoal: Small and large charcoal classes are generally concentrated in the same areas. Less
charcoal appears to be located at the periphery of the site and its southern extents. The density
of charcoal pieces ranges from 1.3g/kg to 51.51g/kg. The density of charcoal outside the
shelter is significantly lower than that inside the shelter. The only significant association for
both large and small charcoal was with sediment moisture (lower density than expected),
dripline (higher than expected) & slope (higher than predicted in high parts of floor, & vice-
versa). Charcoal was denser and larger in areas surrounding hearths.

Martin (1994) suggested that the process responsible for the charcoal distribution results were
both preservational and due to movement. Soil moisture may lead to the removal of charcoal
and its two size classes in areas of moisture. Trampling and the drip line also appear to break
down the charcoal, but may also cause movement. Wind, water and sweeping may all lead to
the movement of charcoal. Overall, the small charcoal is subject to movement by more
processes than large charcoal. The implication then is that large charcoal may be a useful
indicator of the relative intensity of human occupation at different areas within the site. This is
supported by the findings that large charcoal is more frequent inside the shelter than outside it.

Overall the processes affecting the distribution pattern of plant remains (both microscopic and
macroscopic) seem to be different to those affecting stone artefacts. Further research is needed
into the relationship between microdebitage and plant remains. The results of these
comparisons show that both types of plant remains are sensitive measures of human activities
across the site and could be more widely used to identify human impacts on the environment
over time.
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Coastal rainforest boundary dynamics during the late Holocene in monsoonal Australia:
Evidence from radiocarbon dates of abandoned nests of Orange-footed Scrubfowl
(Megapodius reinwardt Gaimard) and post-1940 aerial photography

D.M.J.S. Bowman and W.J. Panton
Parks and Wildlife Commission of the Northern Territory
P.O. Box 496, Palmerston, Darwin, Northern Territory, 0831
Australia

J. Head
Quaternary Dating Research Centre
Australian National University
GPO Box 4, Canberra, Australian Capital Territory, 2601 Australia

Abstract

The late Holocene history of monsoon rainforest retreat was explored by radiocarbon dating
abandoned Orange-footed Scrubfowl (Megapodius reinwardt Gaimard) nests in coastal savannas
in the Northern Territory of Australia. Previous work has demonstrated that in savanna
environments this rainforest bird can not build nor maintain the large heaps of soil and leaf litter
that it uses for nests. Excavations of two earthen mounds in a savanna habitat verified that they
were abandoned Scrubfowl nests and not Aboriginal middens given their lack of stratigraphy,
non-sequential dating of charcoal in a vertical profile, and absence of archaeological material.
Aerial photographs demonstrated that these two abandoned nests were within a rainforest until
1974, but radiocarbon dates of material in these mounds varied from modern values to 2720
years BP. This variation demonstrates that dating of abandoned Scrubfowl nests is very
imprecise and can only provide maximal dates for the retreat of rainforests.

Radiocarbon dates of material taken from the surface of abandoned nests were determined for
three sites on the coast of the Northern Territory. These analyses revealed that for all three sites,
rainforests have contracted within the last 1800 years BP. On Elcho Island an abandoned nest
was found to contain the land snail Xanthomelon spheroidea Le Guillou (known to prefer
rainforest habitat) with a modern radiocarbon age, suggesting recent contraction of rainforest.

Analysis of aerial photography of the dated sites revealed a highly variable history of rainforest
boundary dynamics since the 1940s. Rainforests on Karslake Peninsula had stable boundaries
over a 23 year period from 1963 to 1986, on Gunn Point a rainforest had expanded since 1941;
while a rainforest at Leanyer dramatically contracted and fragmented after 20 years of previous
stability following a severe tropical cyclone that destroyed the city of Darwin in 1974.

It is argued that the cause of rainforest contraction in the late Holocene is the combined effect of
tropical cyclone damage and subsequent severe fires occuring in the storm debris, and not solely
due to regional climatic change or Aboriginal burning. The latter hypothetical causes are shown
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to be inconsistent with existing available ecological, geomorphological and enthnographical data.
The results of this study further weaken the theory that Aboriginal burning was a major cause of
rain forest fragmentation in the monsoon tropics, and possibly elsewhere in Australia.
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ESTABLISHING THE DATE OF MAORI ENVIRONMENTAL IMPACT IN
NEW ZEALAND THROUGH POLLEN ANALYSIS AND

RADIOCARBON DATING

Matt S McGlone & Janet M Wilmshurst
Landcare Research

PO Box 69, Lincoln, New Zealand

Over the last decade there has been an intense debate about whether New Zealand
prehistory is "long" (> 1500 years) or "short (<800 years). Pollen and charcoal analyses
have played a key role in this debate by helping to pinpoint the transition from relatively
undisturbed environments to those deforested by anthropogenic fires. Problems with in
situ contamination, reworking of sediments, confusion of natural with anthropogenic
impacts, and different theoretical expectations of growth, spread and impact of early
Maori populations have led to disparate conclusions. We review pollen based studies
carried out on a variety of fossil sites, including peat bogs, swamps, estuaries and lakes,
and contribute new results. Different sedimentary environments show varying
susceptibilities to contamination and have resulted in a wide spread of ages for initial
Maori impact. Datable materials least susceptible to contamination by old or young
carbon are pure peat and macrofossils, whereas lake, swamp and silty sediments are most
susceptible. Analysis of the radiocarbon ages obtained for the start of Maori deforestation
show that ages falling in the "long" prehistory period are exclusively derived from lake
sediments and swamps. In contrast, the bulk of the ages falling in the "short" prehistory
period are from pure peat and selected plant fragments. We conclude from our analysis
of radiocarbon ages for pollen based deforestation that the first evidence of Maori
environmental impact began about 700-550 calendar years BP (1250-1400 AD). Finer
age resolution is limited by dating techniques, site limitations and the uncertainty
associated with identifying the first signs of human impact. The period we have
identified corresponds with the oldest dated archaeological sites and supports the short
prehistory hypothesis. We discuss how to distinguish reliable fossil sites from those that
have a high risk of giving misleading results.
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The last 2000 years at Lake Keilambete: a comparison of
Aboriginal and European impacts at a site in south-western

Victoria.

S. D. Mooney

School of Geography, University of New South Wales, Sydney, 2052.

ABSTRACT

A sediment-based reconstruction of vegetation, fire, erosion and lacustrine
productivity over the last 2000 years at Lake Keilambete in south-western Victoria, is
used to compare the consequences of Aboriginal occupation with the subsequent
European period. The investigation revealed that the average sedimentation rate of
the historic period was approximately 2.5 times that of the analysed prehistoric period.
The representation of pollen types describing the natural vegetation was generally
stable in the Aboriginal period, but decreased in the European period, reflecting the
influence of pastoralism and the subsequent increase in exotic species. An increasing
trend and increased variability in the concentration of carbonised particles in the
historic sediments, despite the increased sedimentation rate, suggests an increased
occurrence of fire in the region but at a reduced frequency. Total carotenoids
suggested considerable variation in the productivity of Lake Keilambete between ca.
1750 and 1250 y BP, however it is hard to relate this to Aboriginal land-use. This
analysis also revealed little response in the productivity of the lake to the initiation
and continuation of European land-use. The expression of the quantified sedimentary
parameters as average accumulation rates suggests a marked difference in the rate of
landscape processes between the analysed Aboriginal period and the European period.
The post-European departure from stability at Lake Keilambete, in contrast to the
relative stability of the Aboriginal period, relates to an increased intensity, and
possibly a different attitude, to the land-use of the region.

Keywords: late Holocene, human impact, lake sediment, south-eastern Australia.
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HOLOCENCE SEQUENCES IN WESTERN AUSTRALIAN ARCHAEOLOGICAL
SITES

O'Connor S. and Veth P

A number of recent syntheses of spatial and temporal patterns of Aboriginal
occupation have pointed out the lack of radiocarbon dates for the early Holocene in
both the south west and north west of Australia. Despite the lack of evidence for
erosional or deflationary surfaces or lag deposits, this hiatus has been inaccurately
described as a stratigraphic unconformity or disconformity, and ascribed by some
researchers as due to the 'widespread erosion of rockshelter deposits' at this time
(Smith and Sharp 1993: 55). In this paper we criticise the tendency to evoke
geomorphological processes to explain phases of unrecorded time in rockshelter
sites in the absence of any evidence to support such explanations. We examine
shelter sites where the early Holocene is marked by a lack of deposition of sediment
and others with culturally sterile deposits and look at the type of evidence that might
be expected if scouring or erosional events were to be invoked to explain the
temporal patterning. An examination of the climate data for the early Holocene,
whilst sparse, indicates wetter or more humid conditions at this time are likely to have
promoted more stable vegetation cover outside the shelter entrances thus
presumably reducing the impact of wind erosion on deposits.
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Mid Holocene changes in tropical rainforest environments of the Southeast Asian-Australian
region

Peter Kershaw and Dan Penny
Centre for Palynology and Palaeoecology
Department of Geography and Environmental Science
Monash University
Clayton Vic. 3168

The Southeast Asian region is recognised as important in understanding the origin and development of
agriculture and, increasingly, in determination of broad regional and global patterns of climate change.
Unfortunately, as with other tropical-rainforested parts of the world, inaccessibility combined with a
general paucity of optimal sites for pollen analysis and a dauntingly complex flora, has inhibited the
reconstruction of late Quaternary vegetation and environments within much of the region which may
clarify these patterns. Where palynoiogical research has been undertaken, it has focussed generally on
those places which are peripheral to tropical environments, particularly high montane areas, or to
coastal environments where regional signals are clouded by local successions related to changes in
sea levels and coastal landforms. The paucity of sites and limitations to interpretation though have not
prevented general and fairly consistent reconstructions of past climate, at least since the latest
Pleistocene, or speculation and debate over the timing of human impact.

There is general consensus that, within montane environments, general vegetation patterns have been
controlled by changes in temperature, with the Last Glacial Maximum experiencing temperatures some
5-7 degrees C lower than today, rising to present levels by about 10,000 years ago (Hope and Golson
1995, Stuijts 1993). Minor variations are suggested since this time. Within lowland areas, precipitation
has been the major variable with rainforest expanding or becoming more humid with increased
precipitation through the Pleistocene-Holocene transition. One site, Bandung Basin at an altitude of
700m in West Java, indicates strong and generally parallel increases in both temperature and
precipitation from the Last Glacial Maximum to the Holocene (van der Kaars and Dam 1995).

More detailed climatic interpretations are complicated by suggestions of increased human impact. The
potential for human impact has existed in most of Southeast Asia for the last 700,000 to 2 million years
with the presence of Homo erectus, and in Australia for at least 50,000 years and possibly more than
120,000 years (Fullagar et al. 1996). From palaeoenvironmental evidence of sustained vegetation
change in association with increased burning, impact within the presently rainforested area of
northeastern Queensland may date back to at least 130,000 years BP (Kershaw et al. 1993, Moss
1996), and in Indonesia from 38,000 BP (van der Kaars et al. 1996). Increases in charcoal alone within
the perhumid areas of New Guinea and West Java from 40,000 and 60,000 years BP respectively may
be indicative of early human burning (Haberle 1994). Prior to the Holocene, highest burning levels have
been recorded during the very late Pleistocene (Kershaw et al. 1997) which may reflect a combination
of low rainfall and human impact.

Against this background we examine the evidence for, and possible causes of, regional changes in
rainforest vegetation in the mid-Holocene period focussing on two sites from the very northern and
southern extremes of the region.

At Lynch's Crater on the Atherton Tableland of northeast Queensland, rainforest replaced sclerophyll
vegetation regionally in the early Holocene with an increase in precipitation and burning was virtually
eliminated (Kershaw 1983). On the site itself, the herbaceous swamp was similarly replaced by a
peatland rainforest whose remains are recorded by wood including in situ stumps within the peat
sediment. Around 4500 BP the swamp forest was destroyed and replaced largely by the scrambing
fern Gleichenia. There is little doubt that fire was the agent of forest destruction as the event is
accompanied by a large and sustained increase in charcoal within the sediments.

Nong Han Kumphawapi on the Khorat Plateau of northeastern Thailand is the site of the longest and
most substantial paleoecological record in mainland Southeast Asia (Penny et al. 1996, Kealhofer and
Penny 1997). The regional deciduous rainforest has experienced burning throughout its 14,000 years
of recorded history but a peak in burning around 5000 years ago corresponds with major changes in
both dry land and swamp vegetation.
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Similar changes in rainforested areas are recorded within the Holocene at other sites within the region.
Although indicators of increased disturbance have been suggested for a variety of times, there is
increasing consensus that major changes occurred between about 5000 and 4000 years BP. Hope
(1976) identified increased forest disturbance together with evidence for fire on Mt Wilhelm from 5000
and 4000 year BP respectively while Haberle (1994) concluded from a consideration of a much larger
pollen data base in New Guinea that there have been significant increases in grass pollen and charcoal
and substantially increased erosion within the last 5000 years. In the Indonesian Islands of Java and
Sumatra, although no systematic studies of charcoal have been undertaken, forest disturbance is
considered to have increased within the last 5000 years with one site indicating impact also within
swamp forest around 4000 BP (Morley 1982).

The preferred interpretation for all these changes is an increased impact of people despite the cultural
and historical diversity of the region. In Thailand, emphasis has been placed on the potential role of
rice agriculture in the production of disturbance to swamp ecosystems and surrounding dryland
vegetation in light of accumulating archaeological evidence for the collection if not cultivation of rice
within the region from 6-5000 years ago (Higham 1989). In New Guinea, where horticulture is
considered to have arisen independently at the beginning of the Holocene (Hope and Golson 1995)
disturbance is attributed to its expansion. In northeast Queensland, there is no evidence for the
development of agriculture of any kind until the arrival of Europeans although there is the possibility
that during the mid-Holocene, when rainforest was more extensive than today, there could have been
greater cultural continuity between New Guinea and Australia. Of possible significance here is that
initial occupation of rainforest in northeast Queensland has been similarly dated to about 5000 years
BP (Horsfall and Hall 1990). Alternatively, the north Queensland impact may be related more to a
general intensification of occupation postulated for the Australian continent from about 5000 BP
(Lourandos 1985,) though such an intensification is not universally accepted (Dodson et al. 1992).. The
absence of significant impact on the surrounding dry land forest vegetation (Hopkins et al. 1993,
Kershaw 1983) might also indicate a development independent of horticulture in New Guinea. Greater
elucidation of the pattern of 'agricultural development1 within the whole region is inhibited by problems
of identifying pollen indicators of crop plants or associated weeds (Haberle 1994, Maloney 1994).

Such a high degree of synchroneity in rainforest environmental disturbance might be better explained
by a change to a more unfavourable climate. Although some change is suggested at several sites, it is
not major or even consistent: in Thailand and north Queensland it is suggested that rainfall may have
actually increased around 5000 BP. However, there is some indication that the climate may have
become more variable, perhaps as a result of intensification in ENSO activity (McGlone et al. 1992), at
least in northern Australia. If this was a feature of the whole region, it may have facilitated
anthropogenic burning within rainforest environments even if it did not impact on rainforest structure
and composition directly.

It is clear that more evidence is required before a full explanation for mid-Holocene vegetation changes
emerges - and this could take a long time. After all, the cause of the elm decline in northwest Europe
which also occurred around 5000 years ago has been debated for several decades.

Dodson, J, Fullagar, R. and Head, L (1992) Dynamics of environment and people in the forested
crescents of temperate Australia. In The Naive Lands, Dodson, J.(ed.)Longman Cheshire, Melbourne.
Fullagar, R., Price, D. and Head, L. (1996) Early human occupation of northern Australia.
Archaeology and thermoluminescence dating of Jinmium rock shelter, Northern Territory. Antiquity
70: 751-773. Haberle, S. (1994) Anthropogenic indicators in pollen diagrams: problems and prospects
for late Quaternary palynology in New Guinea. In Tropical Archaeobotany: applications and new
developments, Hather, J.G. (ed.), 172-201. Routledge, London. Higham, C.F.W. (1989) The
Archaeology of Mainland Southeast Asia: from 10,000 BC to the Fall of Angkor. Cambridge University
Press. Hope, G.S. (1976) The vegetational history of Mt. Wilhelm, Papua New Guinea. J. Ecol. 64:
627-661. Hope, G. and Golson, J. (1995) Late Quaternary change in the montains of New Guinea.
Antiquity 69: 818-830. Hopkins, M.S., Ash, J., Graham, A.W., Head, J. and Hewett, R.K. (1993)
Charcoal evidence of the spatial extent of the Eucalyptus woodland expansions and rainforest
contractions in north Queensland during the late Pleistocene. J. Biogeog. 20: 357- 372. Horsfall,
N. and Hall, J. (1990) People and the rainforest: an archaeological perspective. In Australian Tropical
Rainforests: Science - Values - Meaning, Webb, L.J. and Kikkawa, J. (eds.), 33-39. CSIRO,
Melbourne. Kealhofer, L. and Penny, D. (1997) Fourteen thousand years of vegetation change in
northeast Thailand. Rev. Palaeobot. Palynol. In press. Kershaw, A.P. (1983) A Holocene pollen
diagram from Lynch's Crater, northeast Queensland, Australia. New Phytol. 94: 669-682. Kershaw,



A.P., Bush, M.B., Hope, G.S., Weiss, K-F., Goldammer, J.G. and Sanford, R. (1997) The contribution
of humans to past biomass burning in the tropics. In Sediment Records of Biomass Burning and
Global Change, Clark, J.S. (ed.) Springer Verlag, New York. In press. Kershaw, A.P., McKenzie, G.M.
and McMinn, A. (1993) A Quaternary vegetation history of northeastern Queensland from pollen
analysis of ODP Site 820. Proc. ODP Sci. Res. 133:107-114. Lourandos, H. (1985) Intensification and
Australian Prehistory. In Prehistoric Hunter- Gatherers - The Emergence of Cultural Complexity,
Price, T.D. and Brown, J.A. (eds.), Academic Press, Florida. Maloney, B.K. (1994) The prospects
and problems of using palynology to trace the origins of tropical agriculture. In Tropical Archaeobotany:
applications and new developments, Hather, J.G. (ed.), 139-171. Routledge, London. McGlone,
M.S., Kershaw, A.P. and Markgraf, V. (1992) El Nino/Southern Oscillation climatic variability in
Australasian and South American palaeoenvironmental records. In El Nino. Historical and
Paleoclimatic Aspects of the Southern Oscillation, Diaz, H.F. and Markgraf, V. (eds.), 435-462.
Cambridge University Press, Cambridge. Morley, R.J. (1982) A palaeoecological interpretation of a
10,000 year pollen record from Danau Padang, Central Sumatra, Indonesia. J. Biogeog. 9: 151-190.
Moss, P.T. (1996) A regional environmental history of the wet tropics of northeastern Queensland for
the last 250,000 years based on the ODP 820 marine core. The Environmental and Cultural History
and Dynamics of the Australian-Southeast Asian Region Meeting Abstracts. Monash University,
Melbourne. Penny, D., Bishop, P. and Grindrod, J. (1996) Holocene palaeoenvironmental
reconstruction based on microfossil analysis of a lake sediment core, Nong Han Kumphawapi, Udon
Thani, northeast Thailand. Asian Perspectives 35: 168-197. Stuijts, I-LM. (1993) Late Pleistocene
and Holocene Vegetation of West Java, Indonesia. A.A. Balkema, Rotterdam, van der Kaars, W.A.
and Dam, M A C . (1995) A 135,000-year record of vegetational and climatic change from the Bandung
area, West-Java, Indonesia. Palaeogeog. Palaeoclimatol. Palaeoecol. 117: 55-72. van der Kaars,
S., Wang, X., Thamotherampillai, A. and Kershaw, P. (1996) Glacial-interglacial patterns of climate
and vegetation change from marine and terrestrial records in the Indonesian region. The
Environmental and Cultural History and Dynamics of the Australian-Southeast Asian Region Meeting
Abstracts.
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Otoliths as recorders of palaeoenvironments: comparision of radiocarbon age and isoleucine
epimerization in Pleistocene golden perch Macquaria ambigua otoliths from Willandra Lakes.

John M. Kalish1, Gifford H. Miller2, Claudio Tuniz3,Janet C. Pritchard1' Amy Rosewater2,
and Ewan Lawson3

1 Division of Botany and Zoology, Australian National University, Canberra, ACT 0200
2 INSTAAR and Dept. of Geological Sciences, University of Colorado, Boulder, CO 80309-
0450
3 ANSTO, Lucas Heights, NSW

Fish otoliths, calcium carbonate gravity and auditory receptors in the membranous labyrinths of
teleost fish, can provide environmental data that are valuable to a wide range of disciplines.
Otoliths form by the accretion of layers of calcium carbonate and organic-rich material that
often form distinctive layers over time scales ranging from days to years. These layers are not
resorbed during the life of the fish and have potential to provide data relevant to both the
biology of the fish and the environment to which the fish has been exposed. Environmental
variability based on otoliths can be estimated through measures of stable oxygen isotopes, trace
elements, and the widths of both daily and annual increments. Because many fish species can
live for 50 years or more, it is feasible to recover, from otoliths, time series of proxy
environmental data over several decades (Kalish 1994). Before otolith-derived data can be
applied to studies of climate change, it is necessary to develop methods to date samples.
Although otoliths can be dated based on measurement of radiocarbon by accelerator mass
spectrometry this method is relatively expensive.

An alternative method for dating golden perch otoliths is based on measurements of isoleucine
D/L ratios. Miller and Rosewater (1995) demonstrated that golden perch otoliths are near a
perfect closed system for racemization and that otoliths have potential of dating surrounding
sediments older than 100 ka. Despite the suitability of these structures for racemization
measurements, many of collections of Pleistocene otoliths from Willandra Lakes are not
appropriate for determination of sample age. Most otoliths sampled in the region have been
derived from surface collections, while it is recommended that samples should have been
buried at least 1 m during most of their history. Therefore, the majority of existing otolith
collections are not appropriate for geochronology or palaeothermometry. Nevertheless, when
used in conjunction with radiocarbon dates, racemization data may be of value in assessing the
relationship among otoliths in an assemblage. Radiocarbon ages and isoleucine D/L ratios
were determined for 30 otoliths collected from Willandra Lakes. The rostrum of each otolith
was analysed for D/L ratios and a portion of the posterior of the same otolith was analysed for
radiocarbon by accelerator mass spectrometry. Sample weights for both analyses ranged from
14.0 to 25.6 mg. The central portion of the otolith was sectioned serially in the transverse
plane and these sections were prepared for trace element and stable isotope analyses.

Extensive erosion and surface runoff at Willandra Lakes, as exemplified by the Walls of China,
suggests that otoliths obtained in surface collections may derive from localities a significant
distance from the point of collection. Although radiocarbon dates can isolate samples within a
temporal framework, further information would be required to define spatial relationships. For
example, three otoliths collected at Mulurulu I had radiocarbon ages of 16250, 16350 and
16200. These same samples had D/L ratios of 0.101, 0.120, and 0.106 suggesting that they
experienced similar thermal regimes and burial histories. This conclusion is further supported
by similar chronologies of otolith ring (annual increment) widths and Sr/Ca ratios measured
across transverse sections of these otoliths. Alternatively, 8 otolith samples from the Lake
Garnpung lunette had radiocarbon dates and D/L ratios between 14,500-15,600 and 0.138-
0.272, respectively. This suggests these otoliths experienced very different burial histories
despite their similar ages and that they may have been transported some distance from their
original site.
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Figure 1. D/L ratios and radiocarbon ages determined from 30 golden perch (Macquaria
ambigua) otoliths collected at Willandra Lakes. Most samples were from surface collections.
One sample was excavated from a depth of over 1 m near the Mungo 3 site.

Temporal information from radiocarbon, combined with spatial inference from D/L ratios and
site of collection can be used to ascertain the relatedness of otoliths associated with Pleistocene
hearths on the Mungo Surface Collection area. For example, 2 otoliths collected at a hearth
(Bl Mungo grid reference) had radiocarbon ages of 16,150+370 and 16,550+440 and D/L
ratios of 0.263 and 0.278. These data suggest similar burial histories and increase the
likelihood that these samples were directly associated with the hearth. Otolith chemical and
increment width data support the conclusion that these samples are linked temporally and
spatially. Otoliths from adjacent surface collection sites (Cl and Dl Mungo grid references)
had similar radiocarbon ages 16,200-16,600, but a relatively wide range of D/L ratios from
0.168-0.243. Although, these samples were adjacent to the B1 locality at the time of collection
and have similar radiocarbon ages, the D/L ratios suggest that some samples experienced
different burial histories. It may be that some of these otoliths were not associated with hearths
and were transported across the lunette to collection sites by wind and water.

The longevity of the Pleistocene golden perch indicates that annual and decadal records of
climate change can be derived from their otoliths. Preliminary investigations on Willandra
Lakes otoliths have found that Pleistocene golden perch from Lakes Garnpung, Mulurulu, and
Mungo had mean ages of 22.2±10 (n=42), 20.3±5 (n=36), and 9.4±3 (n=20) years,
respectively. The maximum age was 53 years for a fish from Lake Garnpung.

The ability of golden perch otoliths to record environmental change has been confirmed from
studies of both modern and ancient populations. Microprobe transects across golden perch
otoliths record salinity increases associated with drought events. In some cases, drought
events are recorded at the otolith edge; these were undoubtedly the cause of the fish's death.
Other otoliths record single or multiple drought events that occurred many years before death.
In these situations, the fish may have been consumed by aboriginals for food, particularly if the
otolith was associated with a hearth, or it may have died from other causes.

Literature Cited
Kalish, J.M. 1994. Investigating global change and fish biology with fish otolith radiocarbon.
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Sediment Dating in Review

J.R. Prescott and G.B. Robertson

Department of Physics and Mathematical Physics,
University of Adelaide South Australia 5005

EXTENDED ABSTRACT
A number of reviews dealing with the application of luminescence methods to the
dating of sediments has appeared in the past year or so; and others are known to
be in preparation. For this reason, the present paper will not attempt to be
comprehensive. Rather it will comment on a few issues of particular relevance
to Australasia. Further, while it will scarcely be possible to avoid some
reference to the archaeological site at Jinmium in the Kimberly, for which ages
in excess of 100 ka are claimed, the major emphasis will be on applications to
age determinations for Quaternary geology rather than archaeology. In fact, as
has often been pointed out, because of the antiquity of our stable Quaternary
landscapes, any answer to a question posed by an Australian archaeologist is
likely to be of interest to a Quaternary geologist also.

Luminescence dating began with thermoluminescence (TL) and was developed to find
the age of pottery and, by extension, of materials that had been heated
directly, such as tephra and dune sediments overlain by lava flows. Lava itself
can rarely be dated because the minerals are not TL-friendiy. [In passing:
Aitken, who developed the technique, has said that there is no challenge in TL
dating of pottery any more! In other words, it is now routine].

Huntley and Wintle pointed out that the luminescence clock can be reset by
exposure to solar radiation and this led to TL dating of sediments both aeolian
and water laid. Huntley then went on to demonstrate that the emission of light
can be stimulated by optical means and this has led to the development of
optical methods for dating, usually known as OSL. HUtt extended the range of
stimulating wavelengths into the infra-red (IRSL). Technically, all optical
stimulation should be described as optical, regardless of wavelength, but usage
has hallowed the terms OSL and IRSL.

After heating there is rarely any doubt about whether the TL signal was set to
zero. However, resetting to zero is by no means certain when the mechanism is
exposure to light. This places constraints on the methodology. Huntley and
Wintle themselves proposed the partial bleach method which restricted the
measurement of TL light to that fraction which is most easily bleached.
Variations on this method which, however, apply only to quartz have been
proposed. One should be wary of sediments deposited under water, or heavy shade
and the occasional sample that is not reset even by long solar exposure.

Since optical excitation is thought to stimulate emission from the same traps
that were reset by light in the first place, it has the effect of avoiding the
question of the degree of resetting of the luminescence. It should be regarded
as the method of preference for sediment dating. One caveat for optical dating
is that, for many samples of quartz, the optical signal saturates and this
limits the age range to about 150 ka in most places. However, there are some
samples for which the dose curve continues to rise at large doses (albeit more
slowly) and ages to 500 ka have been found in these samples.

If feldspar is used, it must be assumed that some of the signal is subject to
fading. This is commonly dealt with by assuming that it is the shallower
electron traps that fade. A pre-annealing procedure in which the sample is held
at a temperature of 220°C for five minutes (to quote one current procedure) is
assumed to eliminate the traps concerned; but there i<= a degree of empiricism
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still involved here. Quartz is normally assumed not to fade and evidence that
it sometimes does needs confirmation.

Nevertheless, TL methods applied to open sites have been demonstrated to be
effective. A particularly good example of this is to be found in the South East
of South Australia, where a sequence of low ranges runs roughly parallel with
the coast. They represent relict sand dunes left behind, on a slowly rising land
surface by successive interglacial incursions of the sea at roughly 120 ka
intervals. Comparison with ages established on independent geological grounds
allows a test of quartz TL and IRSL ages that is believable back to 500 ka.
Older than this, we do not yet understand the physics of the quartz well enough
to go unequivocally forward (backward?). Similar results are emerging
elsewhere.

At the young end of the time scale, ages less than one thousand years are easily
measurable for sediments and, under favourable conditions, zero age to perhaps a
200 year 2-sigma limit.

It is well known that small aliquots of grains (and individual grains them-
selves) from a given sample may vary greatly in brightness. Attempts are being
made to devise dating protocols based on single aliquots and single grains.

With dating limits being pushed ever further back, the time variation of the
environmental radiation giving rise to the stored luminescent energy needs to be
addressed. Particularly at wet sites, radioactive disequilibrium must be
considered. In any case, a time profile of the radiation dose rate needs to be
determined.

Among the less common applications are dating of:
the infill of fault scarps, calcite in flow stone, pedogenic carbonate, the
mound springs, laterite, meteorite impact craters, zircons, peat and tsunami.
The advent of OSL has opened renewed interest in carbonates, which have
generally been regarded as too difficult to manage with TL.

In dating a given site or sites the value of ages obtained by any dating method,
including C-14, is enhanced by parallel measurements with an different method.
Sites where this is possible are to be valued for the comparison itself.

Selected recent review articles

Aitken MJ (1994) Optical Dating: A non-specialist Review. Quater Geochron
(Quater Sci Rev) 13, 503-508.
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IDENTIFICATION OF HISTORICAL LEAD SOURCES IN ROOF DUST
AND RECENT LAKE SEDIMENTS FROM AN INDUSTRIALIZED AREA:

INDICATIONS FROM LEAD ISOTOPES

Bryan E. Chenhall*b, Massimo Chiaradiaa>** Aivars M. Depersb, Brian L. Gulsona>c &
Brian G. Jonesb

a CSIRO-Division of Exploration and Mining Geoscience, P.O. Box 136, North Ryde, N.S.W. 2113,
Australia

b School of Geosciences, University of Wollongong, Wollongong, N.S.W. 2522, Australia
c School of Graduate Environment, Macquarie University, N.S.W. 2109, Australia

Abstract

X-ray fluorescence and stable lead (Pb) isotopic analyses have been undertaken on
dusts, known from microscopic investigation to contain significant quantities of
industrially- and urban-derived particulate matter, present in the roof cavities of houses
in the Illawarra region (N.S.W., Australia), with the objective of examining the historic
record of Pb pollution. All investigated houses contained in excess of 250 jig g"1 Pb,
with dwellings close to a copper smelter, in a large industrial complex including a major
steelworks, containing higher (>2500 u.g g"1) Pb concentrations. The isotopic
composition in the dusts, expressed here as 206Pb/204Pb, is relatively constant at 17.0,
irrespective of dwelling age or distance from the industrial complex. Contamination of
the dusts by Pb sourced from paint cannot explain the isotopic uniformity of the dust
samples. Isotopic modelling indicates that the dusts contain Pb derived from the copper
smelter, gasoline-air Pb and a minor contribution from the steelworks.

Lead loading was also investigated in the adjacent lagoon, which acts as a natural
sink for particulate matter in the Illawarra region. Isotopic data and modelling indicate
that one natural and four anthropogenic sources contribute to the Pb burden of this
lagoon. The natural source consists of Permian rocks cropping out in the catchment
area which have a 206Pb/204Pb of -18.7. The suggested anthropogenic sources are an old
disbanded base metal smelter (206Pb/204Pb -16.2-16.3), the copper smelter (206Pb/204Pb
-17.9), gasoline-air derived Pb (206Pb/204Pb -16.4-16.5) and a recently closed thermal
coal-fired power station (206Pb/204Pb -18.9). The relative contributions of the base metal
(mainly lead) smelter and gasoline-air Pb in the sediment can only be partly assessed
due to the isotopic similarity of these sources. Likewise the background and power
station contributions can only be estimated from historical data. Age estimations for
sediment cores, using 137Cs, provides some control on these assessments. Near surface
sediments in the lagoon have a relatively constant 206Pb/204Pb of 17.6 to 17.7,
irrespective of sample location.

Isotopic calculations, together with records of particulate pollution emission,
indicate a link between the Pb in roof dusts and Pb contamination of the near surface
lagoonal sediments. Over the last five decades, atmospheric fallout of Pb-bearing
particulate matter appears to have been the dominant pathway for addition of Pb to the
lagoon and dwellings in the Illawarra region.

** Present address: Departement de Mineralogie, University de Geneve, Rue de
Maraichers 13, CH-1211 Geneve 4, Switzerland.
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IDENTIFICATION OF REMANIE FOSSILS USING AMINO ACID RACEMISATION

Colin V. Murray-Wallace
School of Geosciences, University of Wollongong, NSW 2522

The reworking of fossils into younger sediments presents a significant problem for dating
Quaternary marginal marine strata. Studies that involve isotopic dating of carbonate sediment
fractions may be subject to error, owing to the difficulties of quantifying the residence times of
skeletal carbonate fragments and fossils in some coastal environments. The random and often
episodic nature of reworking also means that the value of residence times (i.e. interval from
death of an organism to its final incorporation within a sediment), as expressed in years, may
vary spatially and temporally. This problem is particularly marked in the dating of skeletal
carbonate sands. Thus, the validity of numeric dates for 'whole-rock' carbonate samples, based
on methods such as radiocarbon or uranium-series disequilibrium, has on occasions been difficult
to establish. This problem is compounded when a specific component of a carbonate sediment
is selected for dating. This paper documents the potential of the application of amino acid
racemisation reactions as a method for identifying reworked Quaternary fossils, based on case
studies from coastal and continental shelf depositional environments.

The extent of racemisation for a range of amino acids for the total acid hydrolysate and
free fractions, calibrated against radiocarbon dating indicates that the foraminifer Marginopora
vertebralis found within 'modern' tidal flat sediments between Wardang Island and Goose
Island, South Australia, is reworked from underlying Late Pleistocene sediments (last interglacial
Glanville Formation; oxygen isotope substage 5e), and is not extant in the region as previously
suggested. The degree of racemisation determined for fossil molluscs from the 'modern' tidal
flat also reveals that molluscs as well as foraminifer are being reworked, and that macroscopic
consfderations alone (e.g. shell pigmentation, degree of mechanical abrasion, and inversion from
metastable aragonite to calcite) do not represent reliable criteria for identification of reworked
materials.

Amino acid racemisation analyses on fossil Pecten fumatus sampled from marine
vibracores from the outer continental shelf of New South Wales also reveals varying degrees of
reworking, which is not immediately apparent on the basis of lithostratigraphy or biostratigraphy.
The amount of reworked fossil molluscs, as determined by amino acid racemisation, ranges from
10% of the total fossil population in relict coastal sediments on the outer shelf to as much as
60% on the inner continental shelf. Reworking of macrofossils within the glacial lowstand
coastal deposits is more pronounced closer to the inferred location of the palaeoshoreline of
Pleistocene glacial maxima.

Remanie fossils are not readily identified in Quaternary successions, especially as
insufficient time has elapsed for taxonic change to assist biostratigraphic zonation. Similarly, in
some settings diagenetic processes ensure remarkable fossil preservation. Remanie fossils may
be more common within sedimentary units than has perhaps been traditionally thought, and their
presence should be considered as a distinct possibility when attempting to date fossiliferous
strata by numeric dating methods. Amino acid racemisation has the potential to identify such
materials.
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Resolution of Lead-210 Chronologies in Lake Sediments: problems of Mid-core
fluctuations in Lead-210/Radium-226 Ratios

Robert Haworth (1) and Henk Heijnis (2) (1. Department of Geography and Planning,
University of New England, Armidale NSW 2351) (2. ANSTO, Menai NSW 2234)

With a range in excess of 150 years under optimum conditions, Lead-210 dating
represents a valuable tool for studying recent human impacts on the environment,
particularly the effects of European settlement in Australia. It is therefore also useful
for establishing the start of the pre-European record in a sediment profile. Despite
these advantages, there are some unresolved problems that prevent the full potential of
an atmospherically-derived Lead-210 profile being extended as far into the past as the
activity signal allows.

Lead-210 does not give an absolute date but must be applied using one of two models,
or mixtures of both. Lead-210 is part of the natural decay chain of Uranium-238,
which decays through a series of intermediaries to Radium-226. Radium-226 is almost
universally present in earth material, and decays in turn to Radon-222, a short-lived
inert gas that diffuses into the atmosphere from the lithosphere and is distributed
globally. This in turn decays via a series of short lived daughters to Lead-210. Lead-
210 has a half-life of 22.26 years, and a capacity to precipitate and be adsorbed by
terrestrial material, particularly lake and marine sediments. This out-of-phase (or
unsupported) Lead-210 thus returns to a specific terrigenous location where it is added
to the Lead-210 formed continuously in situ from the local Radium-226 (equivalent to
supported Lead-210). Dating is based on the measurement of the decline of this
unsupported Lead-210 against the equilibrium ratio of in situ Lead-210: Radium-226.

Use of Lead-210 activity in sediment dating depends firstly on the assumption that
there has been a steady supply of unsupported Lead-210 at the site over the time being
studied. Unsupported Lead-210 accumulates in the sediment, is isolated from further
input or removal by burial, and the buried activity then decays exponentially at a
predictable rate. Comparison of unsupported Lead-210 at different depths in a
sediment column allows the calculation of a sediment chronology. As well as the
development of this initial assumption by the two main dating models (Constant Initial
Concentration [CIC] and Constant Rate of Supply [CRS] of unsupported Lead-210),
there is the equally important but often overlooked assumption that supported Lead-
210 and its grandparent Radium-226 will be in equilibrium throughout the sediment
column, with only minor deviations. When it was found that downcore Radium-226
activities might vary, even by quite large amounts, Robbins and Edgington (1975)
suggested using a smoothing operation utilising the mean of all downcore Radium-226
activities, perhaps excluding a few top activities where radon leaking may have
occurred. They conceded that calculating unsupported Lead-210 values by using an
averaged value for Radium-226 would produce significant error where levels of
unsupported Lead-210 activity are low. This error would occur deep in the sediments,
at the limit of the chronology, where in the Australian case an ultimate date would be
most useful in separating the commencement of the pre-European sediment regime and
its valuable archaeological information.
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Variations in the Radium-226 side of the ratio tend to swamp the weak unsupported
Lead-210 signal at these lower depths. If some way other than statistical smoothing
could be found to account for Radium-226 fluctuations at these depths, the small
unsupported Lead-210 profile could be rescued.The chronology could then be
extended using the less intensive (and therefore less expensive) CIC model. One
problem in assuming automatic equilibrium between in situ Lead-210 and Radium-226
is that they represent two chemically dissimilar elements, in two different chemical
families. The behaviour of the isotopes may be quite different in transit to a site
through water and sediments, or within a buried profile. For instance, Lead-210
adheres preferentially to organic material, while there is evidence to suggest that
Radium-226 is preferentially scavenged by silicates (Koide et al, 1973). The silicate-
rich products of granite may therefore be expected to have greater Radium-226
activity than silicate-poorer basalt products. Cation exchange capacity on
montmorillonite clays may also favour concentration of Radium-226. When different
erosion products are mixed in sediments local conditions may therefore favour a
concentration and locking up of Radium-226, and perhaps an escape of Lead-210.

Some of these possibilities were tested against sedimentary evidence from five
sediment profiles from three northern New South Wales lakes which had exhibited
mid-core isotopic inversions of their Lead-210: Radium-226 ratios (Fig.l B). In one
CRC-model dated core (Fig. 1 A), the date of inversion was definitely fixed to the
period of extreme catchment soil destabilisation immediately following European
settlement, and in other CIC dated cores this was the most likely date of the inversions.
As subsoil-derived material diminished deeper in the core, Lead-210 increased in
activity and in some cases resumed its exponential downcore decline.
Figure I .A. Unsupported 210Pb activity from a core at Little Llangothlin Lagoon,
Guyra, northeast New South Wales, showing anomalous 'kink' associated with
enhanced catchment erosion. B. Comparison of the downcore fluctuation of the
2!OPb/226Ra activity ratio of five dated sediment profiles from three separate lakes in
northern A'ew South Wales.
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Some thermoluminescence ages in Queensland: a problem resolved

JOHN R. PRESCOTT

Department of Physics and Mathematical Physics, University of Adelaide, SA 5005

EXTENDED ABSTRACT
In a previous paper (Tejan-Kella et al Aust J. Soil Res. 28, 465, 1990) referred
to as, "Paper 1", thermoluminescence (TL) dates were presented for a soil hori-
zon at five sites in a chronosequence of freely-drained podzols at Cooloola and
North Stradbroke Island, Queensland. The site locations are shown in figure 1.

The TL ages, shown in column 7 of table 1 followed the expected order based on
geomorphological evidence; and the TL age of 120 +11 ka for the Amity dune on
North Stradbroke Island agreed with uranium series dates for underlying coral
recovered during sandmining. Nevertheless, several features of the TL results
gave rise to some concern and were noted in Paper 1.

Specifically, the apparent TL age of 11 + 2 ka for the Kings Bore site was wide-
ly at variance with the inferred age of about 0.5 ka based on geomorphological
and soil profile evidence. Further, an apparent TL age of about 8 ka was found
for samples from the Carlo sand blow. The Carlo samples were taken at mean
depths of 1.0 m and 1.5 m from within the advancing toe of the dune, which is
obviously mobile since it is encroaching on living vegetation. The time since
last exposure to sunlight could scarcely exceed a decade.

We report here new measurements designed to resolve the former discrepancies.
All sites have been re-dated, together with a new one, CA5S/1 (Chalambar).

Dating Methodology: Total bleach and Selective Bleach
The procedure used in Paper 1 was the "total bleach" technique for aeoiian sedi-
ments. In this method, it is assumed that, during the development and transpor-
tation of the dunes, the sands are exposed to sunlight for long enough to reset
the TL clock to a near-zero level, commonly known as "bleaching".

The inference from the original measurements at the Kings Bore and Carlo sites
is that the TL has not been sufficiently reset for the total bleach method to be
applicable. This could occur, for instance, if the exposure to sunlight had
been significantly shorter than, say, 24 hours. This stimulated us to seek a
dating method that should, so far as possible, be independent of the (unknown)
degree of bleaching. We have developed the method itself under the name.
Selective Bleach (Prescott and Mojarrabi, Ancient TL 11, 27, 1993). It uses the
fact that many quartz samples have a "rapidly bleaching" glow-curve peak at
325°C which emits in a wavelength band centred near 420 nm, so that an optical
filter transmitting this band near 325°C will be selective for the peak in
question. An early test of the method reported zero TL for deposits of zero
age, one of which was the Carlo sand blow mentioned above (Prescott and
Purvinskis, Ancient TL 9, 19, 1993).

The new and revised ages
Table 1 shows the new and revised ages .
The first two columns show the Adelaide labor-
atory dating code and the sample designation.
New samples are: CA5S/1.3 (Chalambar) and a
second site, SK11SW/2, in the Amity dune on
North Stradbroke Island. The latter was samp-
led at a site approximately 40 m south of the
original SK11 site. It therefore gives an
independent estimate of the age of the dune.
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Column 3 shows the mean sampling depth;
The Equivalent Dose, De, appears in column 4.
The dose rate in column 5 is the weighted average from three different methods
of measurement and includes cosmic rays and water content; details in Paper 1.
The selective bleach age in column 6 is the quotient of D and the dose rate. It
may be noted that because the dose rate is the average of several independent
determinations, the error is largely determined by the uncertainty in De.
The last column gives ages obtained by total bleach as reported in Paper 1.

Discussion
As ctl ready mentioned, application of selective bleach to CA20S/1 (Carlo sand
blow) gives an age of zero with an upper limit of 0.5 ka at the 2-standard error
level; and this confirms that the age of the moving layers of the Carlo sand
blow is effectively zero. The difference between selective and total bleach at
this open site shows that there is a residual component of TL, even after the
prolonged exposure to sunlight in natural conditions, and shows that the quartz
from this site does not easily bleach to a low level. This is true for the
other sites also (except SK11, Amity Dune). Zero age was also obtained for a
sample stripped from the present-day surface of the dunes with masking tape.

All ages are reduced by the new procedures but it is interesting that the age
for SK11 has changed very little. This age is last interglacial and is to be
compared with the uranium series dates from the same site of 119-132 ka for
coral which the dune overlies (Pickett et al Quater Res 31, 392 1989). The
agreement between the selective and total bleach ages for SK11 shows that dune
building at this site was slow enough and open enough for the TL to have been
substantially reset. The fact that the TL age is somewhat smaller than the U-
series age may reflect the expectation that the summit of the dune be younger
than the base.

The geomorphological expectation is that the ages for the CA2S/1 and CA5S/1
sites should not exceed 1 ka. The new ages satisfy this condition. CA7S/2 was
predicted to be of the order of 40 ka by comparison with other dated dune
systems and the degree of weathering; and this is also in agreement.

The age of the Kabali dune, CA9S/2, while reduced considerably, is nevertheless
still impressively great.
the fact that the dose curve is approaching saturation.

The large uncertainty in Dg for this site reflects

Table 1 Thermo!urninescence ages for Queensland coastal dune sites

laboratory Site Sampling
identifier depth m

Cooloola
Carlo sand blow

AdTL95030 CA20S/1 1
Kings Bore

AdTL95031 CA2S/1 1.3
Chalambar

AdTL95032 CA5S/1 1.3
Warrawonga

AdTL95033 CA7S/2 2
Kabali

AdTL95034 CA9S/2 2
N Stradbroke Island Amity

AdTL95035 SKI IS/4 4
AdTL95036 SK11SW/2 2

De
Gy

0.00+0.15

1.36+0.27

1.05+0.17

13.9+ 2.0

134+27

60.7+3.6
60.8+4.0

Dose rate
Gy ka~'

0.60+0.06

1.48+0.08

2.01+0.45

0.32+0.02

0.28+0.01

0.55+0.03
0.51+0.03

TL age
selective
bleach

modern

0.92+0.19

0.52+0.14

44+0.4

470 +200

110+9
119+11

ka
total
bleach

8+2

11+2

-

90+10

730+70

120+11
_
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OBSIDIAN FROM VOLCANIC SEQUENCES AND RECENT ALLUVIAL
DEPOSITS, ERZURUM DISTRICT, NORTH-EASTERN ANATOLIA:

CHEMICAL CHARACTERISATION AND ARCHAEOLOGICAL IMPLICATIONS

Peter Brennan and Tony Sagona
Department of Classics and Archaeology

The University of Melbourne
Parkville, Victoria 3052

Recent geoarchaeological research in the Erzurum district, north-eastern Anatolia, has
revealed an abundance of obsidian at numerous neolithic and Bronze Age sites.
Geochemical characterisation using neutron activation analysis indicates that the obsidian
was obtained from several sources that are chemically distinct from the major sources
already known from Central Anatolia an the Lake Van area. Multiple sources are
represented in the samples collected from at least two of the sites, namely the sites of Sos
and Pulur. The primary source of some of the obsidian utilised at the site of Sos has
been located in the volcanic sequence outcropping tot he north-west of Pasinler. Field
survey however has shown that the alluvial deposits along the main rivers and some of
their tributaries were the main sources of the obsidian utilised at the sites near Erzurum.
Trade or exchange of obsidian with sites outside the erzurum area seems to have been
limited.
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AGE DETERMINATION OF OBSIDIAN SOURCE SAMPLES FROM NORTH
QUEENSLAND AND NEW SOUTH WALES BY MEANS OF THE FISSION
TRACK METHOD

R. Bonetti (1), A. Guglielmetti (1), F. Malerba (1), M. Oddone (2), R.Bird (3), R.
Torrence (4)

(1) Instituto di Fisica Generalc Applicata, Universita' di Milano, Italy (2) Dipartimento
di Chimica, Universita' di Pavia, Italy
(3) ANSTO, Lucas Heights, Australia
(4) Division of Anthropology, The Australian Museum, Sydney, Australia

ABSTRACT

The fission track method applied to obsidian samples allows one to determine their
geological age by counting etched tracks due to spontaneous fission of Uranium
impurities, usually in the ppm-tens of ppm range. Only recently has research in
Australian Obsidians started, after the discoveries of both artefacts and geological
sources, the latter being located mainly in North Queensland [1] (NQ) and New South
Wales [2]. After the pioneering characterization of samples by trace elements analysis
performed by David et al.[l], we have undertaken a program to determine their age by
means of the fission track method.
Following irradiation at the nuclear reactor of Pavia University (Italy) for measuring
the induced fission track density and determining the present Uranium content, we
etched the obsidian samples under standard conditions (Hydrofluoric acid 20% at 40°C,
60-120 s) and counted under an optical microscope the fission tracks to obtain, for the
NSW samples, the following ages:

AU 101 13.1 Ma
AU 102 10.1 Ma

and the following ones for the NQ samples:

AU
AU
AU
AU

602
603
662
612

31.9
33.2
24.9
37.8

Ma
Ma
Ma
Ma

which exhibited a considerable fading, ranging between 32% for AU612 and 47% for
AU662.
Thermal treatment based age corrections have therefore beeen applied to get the true
ages [3]. Due to the considerable age of samples, we found that the generally employed
isochronous high temperature treatments (up to 320°C) were not suited to the age
correction. Indeed, probably because of intense hydration process, optical quality of
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glass after etching followed by high temperature treatment came out to be unacceptable.
We therefore decided to use low temperature (140°C) isothermal treatments.
Ther result for AU602 is shown in Fig.l. A plateau is clearly seen with increasing
time, this allowing to determine the true age which came out to be:

AU602
AU662
AU612

86
85
92

.9

.5

.3

Ma
Ma
Ma

with an uncertainty of the order of 4%.
To our knowledge, the above are among the older, if not the oldest, obsidian samples
ever dated by means of the fission track method.
Efforts are now on the way to correlate such ages with that of obsidian artefacts of
archeological interest[l,2], in order to establish their provenance, and to extend the
analysis to several (much younger) sources in Papua New Guinea.

References

[1] B. David, J.R. Bird, R. Fullagar, L.Little, The Artefact 15 (1992),25
[2] J.R. Bird, P. Duerden, T. Wall, E. Clayton, in Archeometry:further
Australian Studies, ed. by W.R. Ambrose and J.M.J. Mummery, Canberra 1987
[3] G. Wagner, P. Van den Haute, "Fission Track Dating", Klumer Academic
Publishers, 1992, Dordrecht, The Netherlands.
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Obsidian dating prospects

W. Ambrose
Division of Archaeology & Natural History
Research School of Pacific & Asian Studies, ANU, Canberra 0200

Developments in the nuclear industry have shown that some of the problems related to the
glassifican'on of waste for long term storage are centred on the rate of glass weathering in
various repositories. Long term weathering of artificial glasses is paralleled by the
archaeological problem of determining hydration rates in obsidian artefacts as a means of
dating their manufacture. Figures available for sites in Papua New Guinea indicate that the
weathering rate is sufficiently fast to render conventional hydration measurement
completely unreliable. This follows from the range of calculated surface reduction rates
which range between .0002um to .004um per year depending on the site's location and the
obsidian source. Hydration rates for key Papua New Guinea obsidians have been
determined from long term experimental laboratory exposure and these are used to evaluate
the age of obsidians from selected archaeological sites. By adopting a strategy of measuring
hydration in concealed fissures both the weathering rate and the dating of the Papua New
Guinea obsidians have been successfully achieved. The dissolution rates ot natural
obsidians could be useful in considering weathering rates for artificial glasses. An improved
system for calculating the annual effective hydration temperature is presented which gives a
better control of micro-environmental temperature in its crucial rate determining role. The
combined result of these developments gives obsidian hydration dating an enhanced
capacity to be a useful and independent dating system.
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Recent Developments in Obsidian Hydration Dating

M.D. Jones, P.J. Sheppard, & D.G. Sutton

Centre For Archaeological Research
University of Auckland
Auckland, New Zealand.

Abstract

For the past 3 years the Centre for Archaeological Research at Auckland University has been
running a research program directed at developing obsidian hydration dating (OHD). The
major focus has been on understanding and providing accurate controls for the total hydration
mechanism. The three components of OHD (rim measurement, Glass rate chemistry & Soil
temperature history) have been studied as part of an integrated research program, and
techniques for accurately and practically implementing each component have been developed
and evaluated. It is now possible to realistically define the limits of this dating technique, and
outline a standardised dating protocol that will ensure the long-term usefulness of OHD.

This paper makes use of these developments to present a series of archaeological case studies
in OHD. These case studies demonstrate both the realised potential of OHD and the practical
implementation of the techniques necessary for producing a date. In particular an emphasis
will be placed on predicting soil temperature histories, and providing hydration rate controls.

The results of this field test allow an evaluation of the performance of OHD both from an
empirical and theoretical perspective. The results demonstrate that OHD is now a fully
functional standalone dating technique that if applied correctly can provide cheap, rapid, high
precision dates.
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THE ORIGIN OF PUMICE AT BALMORAL BEACH ABORIGINAL SHELL
MIDDEN

Val Attenbrow, Division of Anthropology, Australian Museum, Sydney

Lin Sutherland, Division of Earth Sciences, Australian Museum, Sydney

Jane Barron, Consulting Petrologist, Sydney

Riko Hashimoto, Department of Geography, University of Sydney

Pumice occurs in varying amounts throughout the 2 m depth of deposits of Balmoral Beach

shell midden. In one area a distinct layer of concentrated pumice occurs between 85 cm to 95

cm below present ground level. A radiocarbon date indicates that this layer was deposited

around 3300 BP. Petrographic analysis of the pumice from selected levels indicates that

pumice in the concentrated layer is distinct and may come from a different source from pumice

in levels above and below. It contains sporadic crystals of olivine, pyroxene, feldspar,

plagioclase and opaque iron oxides set in a highly vesicular rhyolite glass. Analyses of major

and trace elements support such a conclusion.

Geomorphological investigations indicate that Balmoral Beach formed progressively between

6000 and 2500 years ago. We hypothesise that the main pumice layer was brought in by wave

action along the shoreline and derives from a raft of pumice which formed after a volcanic

eruption in an as-yet unknown location. This may be local or from known drift sources, such

as New Zealand, Tonga, Indonesia, the Solomon Islands or Southern Ocean sources. Results

of the petrographic and major and trace element analyses suggest a potential source in the

Tongan-Kermadec region. The mode of deposition of the pumice is also being investigated

and will include the possibility of tsunami action.

Results of the above analyses and investigations will be presented at the conference.
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Chinese and Venetian Glass Beads Excavated from Fais Island
in Micronesia

Michiko Intoh

Department of International Cultui A Relations
Hikkaido Tokai University

Sapporo 005
Japan

Over 830 glass beads were excavated from a late prehistoric cemetery site on Fais
Island in the Caroline Islands, Micronesia In one of the 13 excavated burials a young
woman had more that 310 glass beads around her wrist. Bone collagen from this burial
was dated by AMS to 387 ± 64 BP.

The associated glass beads were classified into three groups based on colour and size.
A sample from each group was examined for evidence of manufacturing technique.
The chemical composition was determined using an X-ray microanalyser.

The first group consisted of more than 300 pale green, transparent glass beads which
are less than 2 mm in diameter. The chemical composition is high in PbO (75.22%)
while low in MgO. Such a high lead content is characteristic of Chinese glass. The
manufacturing technique could not be determined because the surfaces were too eroded.

The second group contains several yellow, translucent glass beads. The chemical
composition is also high in PbO (54.8%) and low in MgO. The beads were made by
winding. The combination of winding and high lead strongly indicates that the beads
were made in China.

The third group had only one white, translucent glass bead. It has particular white
stripes which suggest that it is a "gooseberry" bead which was made in Venice between
the sixteenth and eighteenth centuries.

In conclusion, both Chinese and Venetian glass beads co-existed on Fais island around
the time of European contact. They are likely to have been brought in from an area
which had access to both beads. Island South-East Asia is tentatively considered to be
the source area.
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New Research on Glass Beads Confirms Trade and Contact
Between Southern Africa and Southeast Asia ca. AD 950-1250

Dr. S. J. Saitowitz-Fenton

Department of Archaeology
University of Capetown

Luxury goods, used in Muslim and mediaeval long distance trade beteen ca. AD
900-1250, found an important market among the Iron Age peoples of southern
Africa. Indirect evidence of this trade can be seen in the form of archaeological
collections of glass beads at sites throughout Africa and Southeast Asia.
Thousands of beads have been found at Iron Age sites in the eastern Transvaal
Lowveld and at inland sites along the Limpopo Valley and in Botswana. Similar
looking types of beads, referred to as small seed beads, were also used in the
Muslim mercantile networks and maritime trade in the Indian Ocean, and have
been found at coeval sites throughout Southeast Asia, particularly at entrepot
ports in India, eastern and western Malaysia and Thailand. At the
commencement of the Iron Age occupation of southern African sites, glass
beads of any kind were very rare. From ca. AD 900-1000, Islamic influences
spread southward along the African east coast. This coincided with the marked
increase of glass beads found in southern Africa. Their presence is direct
evidence of foreign industry, external trade and contact.The beads are widely
believed to have originated in India, and to have been distributed through Arab
traders in the Indian Ocean. Exports would have included gold, possibly ivory,
and other raw materials. Archaeology has much to contribute towards
documenting these activities. The identity and location of the bead sources is
important to an understanding of early contact and economic and political
developments in southern Africa. The trade connection coincided with the
beginning of a critical sequence of events in the cultural history of southern
Africa, which culminated in the formation of an incipient state at Great Zimbabwe
(AD 1250-1450) from precursors at Mapungubwe and related sites. This period
corresponds in time with an important episode in Islamic history, when Muslims
conquered Egypt and the Fatimids moved their capital eastwards, in AD 969,
from Tunisia to al-Qahira (Cairo) next to the well established cosmopolitan port
entrepot of al-Fustat (now old Cairo). Texts, chronicles, glass weights, scribal
notes and receipts confirm that it was already a successful industrial centre with
a history of glass-making when the Fatimids gained control of Egypt. In this
thesis I have addressed three aspects of research to investigate the trade
networks associated with internal and foreign contact: (1) the manufacturing
origins of the beads, (2) who brought them to southern Africa, and (3) their
dispersal in the region. Glass material from Egypt, Palestine, Syria and
Southeast Asia was used for comparison, and as possible source material.
Scientific techniques were used to confirm these operations. The beads were
described, classified, and sampled selectively for physical and chemical analysis.
Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) used
to determine the rare earth element (REE) shows that a particular glass, used to
make beads in Egypt, is the same as that used to make some of the beads
found at sites in the northern and eastern Transvaal. They document the
existence of a trade link with the Mediterranean via the Red Sea 1000 years ago.
Until now, both the origin of this contact and the extent of indigenous responses
were largely unknown. These findings cast a different light on maritime trade
along the east coast of Africa a millennium ago, and on external influences which
helped to launch significant political developments in southern Africa.
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Abstract for Sixth Australasian Archaeometry Conference

What Have We Achieved in Pacific Obsidian Research?

Roger Green
University of Aukland

This paper looks over nearly forty years in the obsidian sourcing and dating business in
the Pacific. In particular, it examines the networks and players that produced the most
important developments, since these underpin the present healthy state of research in
this field.
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LASER AMS 14C DATING OF ROCK SURFACE ACCRETIONS

A Watchman and J Campbell
Department of Anthropology and Archaeology

James Cook University

Equipment has been purchased using a large Earth Sciences and Engineering ARC grant
and installed in the Department of Anthropology and Archaeology, James Cook
University. A krypton-ion laser used initially at Laval University, Quebec to demonstrate
the potential of focusing light energy to induce oxidation of carbon-bearing substances has
been replaced by a carbon dioxide laser. This decision was based on reducing the start-
up cost at James Cook University, increasing options for a wide range of output power,
considerations for future applications and the cost of gas refills. A disadvantage of using
the carbon dioxide laser is that non-visible light optics are needed because of the infrared
output wavelength from the carbon dioxide. This has required the replacement of the
glass window of the vacuum-tight micro-combustion chamber with a sodium chloride
window and placing the equipment in a dehumidifier room. Laser light power
experiments have so far been conducted on optimising the output from the laser and
minimising the focal waist of the beam by adjusting the focusing mirrors and lenses.

The aim of developing a focused laser system is to enable the dating of carbon in finely
laminated rock surface accretions, but before this can be achieved a series of tests is
planned to ensure that the focused laser system totally converts all the carbon-bearing
substances under the beam into carbon dioxide. This is essential in order that the isotopic
values representative of the carbon in the accretions is converted into carbon dioxide.
Known quantities of graphite, charcoal, wood cellulose and calcium oxalate salts are
being subjected to focused laser combustion or decomposition and the volumes of gas
produced at different light powers are being measured. Isotopic measurements are also
being conducted on the resulting gases to ensure that fractionation of carbon isotopes is
not a problem.

The paper will describe the arrangement of equipment and explain the present state of
progress of experimentation using the installed and tested facilities. Plans for future use
of the focused laser system will be outlined.
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AMS 14C dating of Early Anasazi Petroglyphs from the North American
Southwest Desert region.

Warren Beck, Douglas Donahue, G. Burr, and A. J. T. Jull

NSF AMS Facility, Department of Physics, University of Arizona, Tucson Arizona.
Fax:520-621-9619, e-mail: wbeck@physics.arizona.edu

Since it was first developed in the early 1980's, direct dating of rock surfaces by AMS
radiocarbon analysis has become an integral tool in the fields of geomorphology and
archaeology. This technique was pioneered principally by Dr. Ronald Dorn, now at
Arizona State University, who began investigating these methods in circa 1983. Recently,
the AMS Laboratory at the University of Arizona has become directly involved in a series
of measurements in conjunction with Dr. Dorn, as well as Dr. Ekkehart Malotki of
Northern Arizona University. These measurements involve an attempt to determine the age
of petroglyphs discovered by Dr. Malotki in the Petrified Forest region of NE Arizona, in
the American Southwest. There are several generations of these petroglyphs, the most
recent of these have been ascribed to the so-called Pueblo Indians which lived in this region
between 700-1450 AD. Three earlier epochs of Petroglyph makers also inhabited this
region which have been grouped into the Basketmaker, Archaic, and Paleo-Indian periods.
This original focus of this study was an attempt to identify the timing of development of the
Paleo-Indian and Archaic Indian styles of petroglyphs from this region using AMS 14C
measurements.

In the course of these studies, however, we have made some unusual and potentially very
important observations. Microscopic examination of samples from these petroglyphs,
collected by and submitted to our laboratory by Dr. Dorn, showed that the samples
contained two types of black, carbon-rich materials with distinctly different visual
properties. Detailed examination of these particles reveal that one type strongly resembles
finely ground bituminous coal, whereas the other strongly resembles ground pyrolized
wood. Subsequent measurements of the radiocarbon contents of separated fractions of the
two types of materials have shown that they have widely differing radiocarbon ages. In
such cases, the radiocarbon age of the entire sample would yield results which are, at best,
ambiguous. We have been unable to find either of these two types of carbonaceous
material in equivalent samples of these same petroglyphs when subsequently resampled
independently. The purpose of this note is to describe these observations.
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RADIOCARBON DETERMINATIONS FOR CHILLAGOE ROCK PAINTINGS:

SMALL SAMPLE AMS

R. A. Armitage*, B. David#, M. Hyman*, M. W. Rowe*, C. Tuniz**, E.
Lawson**, G. Jacobsen**, and Q. Hua**
*Department of Chemistry, Texas A&M University, College Station, TX 77843, USA
#Department of Anthropology and Sociology, The University of Queensland,
Queensland 4072, Australia
"Australian Nuclear Science and Technology Organisation, PMB 1, Menai, NSW
2234, Australia

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

Dr. Marvin W. Rowe
Department of Chemistry
Texas A&M University
College Station, TX 77843
Telephone and Fax (409) 845-1929
e-mail: rowe@chemvx.tamu.edu
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OPTICAL DATING AND PALAEOECOLOGICAL INVESTIGATIONS OF
ANCIENT MUD-WASP NESTS: PROGRESS AND PROSPECTS IN
ROCK ART CHRONOMETRY AND PALAEOENVIRONMENTAL

RECONSTRUCTIONS

R G Roberts1, G L Walsh2, J M Olley1, A S Murray4, M K Macphail5,
D E Bowdery5, I D Naumann6, R Jones5 and M J Morwood7

1 School of Earth Sciences, La Trobe University, Bundoora, Vic 3083, Australia
2 Takarakka Rock Art Research Centre, Carnarvon Gorge, Qld 4702, Australia
3 CSIRO Division of Water Resources, Canberra, ACT 2601, Australia
4 Institute of Earth Sciences, University of Aarhus, DK 8000 Aarhus, Denmark
5 Division of Archaeology and Natural History, RSPAS, Australian National

University, ACT 0200, Australia
6 CSIRO Division of Entomology, Canberra, ACT 2601, Australia
7 Department of Archaeology and Palaeoanthropology, University of New England,

Armidale, NSW 2351, Australia

The spectacular rock art of northern Australia has long fascinated archaeologists but
efforts to probe its probable great antiquity have been largely frustrated. Optical dating
has been applied recently to ancient mud-wasp nests in the Kimberley region of Western
Australia, the optically-stimulated luminescence (OSL) being obtained from quartz grains
extracted from the nest mud. These nests overlie and in some places underlie rock
paintings, thereby providing a means of constraining the ages of specific art motifs, such
as "Wandjina" and "Bradshaw" paintings. Also incorporated in the nest mud are pollen
grains, spores and phytoliths from which a variety of palaeoecological information has
been gleaned and which offer the possibility of direct AMS radiocarbon dating. A
summary of the Holocene and late Pleistocene chronological and palaeoenvironmental
records obtained so far will be presented, and avenues for future investigation will be
discussed.
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Abstract: Kimberley rock art dating project.

Grahame L Walsh, Takarakka Rock Art Research Centre.
Mike Morwood, Dept of Archaeology and Palaeoanthropology, UNE.

Prehistory potential of the Kimberley:
The Kimberley rock art sequence is likely to be found to be one of the longest and most

complex in the world, possibly rivalled only by that of west Arnhem Land, with which it shares an
interesting range of trends.

Twenty years ago studies had established two loose groupings within Kimberley rock art;
'Wandjina' and 'Bradshaw'. Within the superimposed layers of 'pre-Wandjina' art identifiable
groups of apparently stylistically similar images indicated far greater hierarchal complexity.

Even within individual panels the stylistic and artistic variation seemed incomprehensible, at
times displaying the most extreme imaginable opposites. Their apparent 'transition' order within
the superimposition seemed equally illogical.

Stage one of the Kimberley rock art study required two decades of fieldwork to establish a
very detailed relative sequence, which is subject to ongoing fine-tuning of detail. This identified
sequence represents an invaluable base for stage two projects, identifying specific targets which
maximising dating and pigment analysis. Research findings from this multi-disciplinary approach
are beginning to not only establish minimum dates for defined art periods, but provide an insight
into the environments in which the seemingly diverse associated cultures existed.

Fortuitous combinations of environmental and geological factors appear responsible for the
survival of possibly the oldest continuous pictorial record of anthropomorphic form, which during
certain periods has arguably been the finest in the world.

The Kimberley artistic sequence:
Kimberley is fortunate in having a specific form present throughout its painted art sequence -

the anthropomorphous form. Whether representing 'normal' mortals, 'idealised' mortals, mythic
heroes or deities will probably remain an arguable point, although all options are probably correct
during the span of varying cultural periods involved. A hallmark of the Erudite Epoch is the artists'
obsessive attention to detail when depicting the elaborate recurring garb and paraphernalia which
decorates these anthropomorphous depictions.

When looking beyond the undeniable beauty of form, composition, and artistic application,
the scientific value of these images becomes immediately apparent. From a stylistic research
viewpoint, the Kimberley artistic sequence differs from Arnhem Land in remaining largely
uncluttered by depictions daily life, where family, camp, foraging and secular scenes are involved.
Combined prohibitions of primarily depicting: (1) apparent 'adult male' forms, (2) static standing
alignments, (3) detailed dress and accoutrements, provides innumerable 'elements and
characteristics' for classifying definable 'groups'. This classification was systematically developed
during the initial 12 years field work, where constant use and testing established a functional
graphic element and terminology reference base involving over 800 defined individual elements.

Individual images now hold potential for locking into a stratified categorisation system,
involving (1) Epoch, (2) Period, (3) Group, (4) Sub-Group, (5) Phase (colour), (6) Features, (7)
application. Optimum analytic potential may now be extracted from even fragmentary motif
remnants, mostly adequately identifiable from three or more classification levels. This greatly
assisted superimposition studies, already involving tens of thousands of individual motifs.

This systematic process permits the Kimberley sequence to be constantly cross-checked and
scrutinised on seven levels, where additional discoveries of detail permits reassessment of 'grey
areas'. Most Kimberley motifs may now be studied by defined standards of form, dimensions,
material composition and manufacturing technique; levels challenging analytic potential formerly
reserved for the traditional 'old faithfuls' - stone artefacts. Hopefully this will facilitate elevating
Kimberley art from the 'esoteric' classification which rock art has frequently (and often justly) been
long relegated by traditional archaeologists.
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The art's additional value, unequalled by traditionally recognised artefacts, is its permanent
pictorial documentation presenting a 'window' into the otherwise intangible elements of
perceptions, vision and mind of pre-historic cultures. Unfortunately it's potential in establishing
Kimberley archaeological 'big picture' still remains largely unrecognised. Progressive findings of
the Kimberley Rock An Dating Project will encourage involvement by a greater diversity of
specialist disciplines to tie findings into levels of this art sequence as a primary reference point.

The sequence represents a sound basis for selecting specific defined images for targeting
detailed studies by a range of dating technique. This effectively removes the undesirable ad hoc
sampling of 'apparently old paintings'; a process which must unavoidably remain the case with
researchers working on most global bodies of rock art.

Archaeological excavations:
Due to the type of art shelters selected by the different cultures associated with identifiable art

periods, it appears extremely difficult to learn much about the people of the Erudite Epoch from
conventional archaeological excavations. Bradshaw art galleries are almost invariably purely 'art'
sites, and shelters rarely contain habitation evidence or deposits of any form. Searches continue for
suitable Bradshaw sites containing deposits with excavation potential.

A number of excavations have been undertaken by Morwood in a sample of north Kimberley
sites, from which dates will hopefully soon be available. One major Pecked Cupule gallery holds
potential for establishing early Kimberley art habitation dates.

AMS dating:
Initial investigations into the potential of AMS dating have been undertaken by Alan

Watchman. Work continuing on these samples, and publication of preliminary findings are
forthcoming.

Possibly the greatest disadvantage to date of this studies potential involves the lack of
experience by Walsh in identifying the type of surfaces required by Watchman to provide sufficient
content for sampling. Watchman's preliminary sampling field trip was extremely limited in time
and constrained by the tyranny of logistics in attempting to economically access potential sample
sites. Watchman would be the first to agree tha doubling on the rear of a quad motorbike over vast
tractless stretches of basically inaccessible Kimberley terrain is far from ideal. Initial site selection
by Walsh was primarily oriented towards attempting to identify art periods, ideally involving
examples of multiple superimpositions, but most provided insufficient suitable sample material.

This technique has thus not experienced a fair testing, and Watchman has not been able to
gain personal access to a sufficient range of sites to select a range with adequate dating material
content. A more realistically organised return visit is thus essential, with time budgetting for at
least basic helicopter transport for Watchman to reach a sufficient range of potential sample sites.

Work on more recent periods of art has included a specific study of beeswax art, involving a
representative selection of images from the wide range of recorded motifs. Claudio Tuniz and
ANSTO have progressively undertaken work on samples prepared by Watchman. Publication of
preliminary findings will follow completion of the last suite of samples, thus providing the first
dated chronology of thematic change within the little-known west Kimberley beeswax art.

Watchman's work continues on analysis of paint types and a search for possible organic
binders. In '97 an additional project associated with specific PIXE/PIGME paint identification and
sourcing will commence, working on base samples and complimenting existing projects.

OSL dating:
Dr Bert Roberts work on OSL dating of mud wasp nests associated with Kimberley art is

becoming increasingly well known, and will be dealt with in a specific paper in this conference.
The potential for utilising Kimberley fossil wasp nests to not only date specific art groups, but
provide wider understandings of associated climatic and environmental conditions by analysis of
trapped pollen, remains an exciting and much awaited contribution to the Kimberley prehistory 'big
picture'.
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FROM SCROLLS TO PICASSO: AMS RADIOCARBON DATING APPLIED TO
TEXTILES, ART WORKS AND ARTIFACTS.

A. J. T. Jull, D. J. Donahue, J. W. Beck, G. S. Burr, J. O'Malley, L. Hewitt, D. Biddulph,
A. L. Hatheway, T. E. Lange and L. J. Toolin. NSF Arizona Accelerator Mass Spectrometry
Facility, University of Arizona, Tucson, Arizona 85721, USA

The use of accelerator mass spectrometry (AMS) for radiocarbon dating allows us to use very
small samples of carbon, <lmg. This has opened a vast array of applications of radiocarbon
dating which were difficult to do before AMS, due to sample size limitations of decay counting.
We have successfully applied AMS 14C to dating of many types of textiles, including silks and
linens, art works, documents and artifacts fabricated from wood, parchment, ivory and bone. For
many of these types of samples, the results are often important in questions of the authenticity of
these works of art and artifacts. This has encompassed a wide range of art works ranging from
the Dead Sea Scrolls, the Shroud of Turin and the Chinese silk trade to the works of Raphael,
Rembrandt and Picasso. Most recently, we have also dated the Vinland Map, a controversial
document which shows the eastern coast of North America apparently using information from
Viking voyages.

An important issue in such studies is also the radiocarbon calibration curve. For some
periods, most notably 1700-1950AD we know that several changes in the 14C composition of the
atmosphere make it almost impossible to date a sample during this period more precisely than the
entire range. However, before this period, we have successfully dated materials to high precision.
We have also studied the use of the period 1900-1950AD for 14C measurements and will present
some examples where the rapid decline in A14C can be used to date art works. The period after
1950AD also allows us to identify works fabricated from recent materials using the "spike" in 14C
due to atmospheric nuclear testing. This bomb 14C has also been successfully used to identify
originals from copies of works purporting to be the originals. We will discuss some artifacts, art
works and forgeries, where 14C can resolve problems of authenticity.

Abstract for a public lecture during the 6th Australasian Archaeometry Conference,
Sydney, Australia, February, 1996
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RADIOCARBON CALIBRATION CURVES INDICATE LOCATION
DEPENDENT DIFFERENCES IN THE C-14 CONTENT OF WOOD

F G McCormac and M G L Baillie
The Queen's University of Belfast

School of Geosciences, Palaeoecology Centre
Belfast BTN INN, Northern Ireland

The C-14 chronologies currently used as calibration curves combine results from wood
that grew in the western United States, the British Isles and Germany. Recent corrections
to the published measurements indicate that data from these long chronologies are no
longer entirely consistent, implying either the existence of interlaboratory biases, or C-14
variations in the wood from different species and/or regions.

It has long been accepted that wood from the Southern hemisphere gives radiocarbon
dates that are ca.40 yrs older than contemporaneous Northern Hemisphere wood. The
reasons suggested for the difference are typically that the larger expanse of ocean and the
slightly higher average wind speeds result in enhanced CO2 exchange with the mixed
layer of the ocean, measurements presented in a companion paper (Hogg et at) explore
the difference between the hemispheres, by re-measurement of a section of the Northern
hemisphere calibration dataset and wood from New Zealand. Only by making careful
replicated comparisons of the C-14 content of wood from different regions, over long
time scales, can we verify the presence or absence of temporal variations.

In this paper we will discuss the Northern Hemisphere calibration dataset and show the
importance of experimental design in determining if small, temporally varying offsets
exist between regional tree-ring chronologies.
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Spatial and temporal variation of radiocarbon in tree rings -
some preliminary results

T.F.G Higham*, A.G Hogg*, F.G McCormac+, M.G.L Baillie++, J.G Palmer~, L.
Xiong~ and D. Brown++.

* Radiocarbon Dating Laboratory, University of Waikato, PB 3105, Hamilton, New Zealand.
+ Radiocarbon Dating Laboratory, School of Geosciences, Queen's University, Belfast, Northern Ireland.
+ + Palaeoecology Centre, School of Geosciences, Queen's University, Belfast, Northern Ireland.
- Department of Plant Science, Lincoln University, PO Box 84, Canterbury, New Zealand.

A number of researchers have identified a measurable difference between the 14C
activities of tree rings of identical dendrochronological age between the hemispheres
(Lerman et al. 1970; Vogel et al. 1986; 1993). Vogel et al.(1993) measured the 14C
content of fourteen pairs of dendrochronologically aged wood from South Africa and the
Netherlands and calculated a mean A14C offset of 5.15 ± 0.59%o (-40±5 14C yr). More
recently, Sparks et al. (1995) have found no hemispheric offset in New Zealand matai
(Prumnopitys taxifolia) from a floating chronology and Barbetti et al. (1995) have found
a negligible offset in Tasmanian wood compared with European oak at 10ka-9.5ka.
McCormac et al. (1995) and Damon (1995), however, have demonstrated location
dependent differences in 14C from contemporaneous trees in Europe and the United
States. They suggested that the corrections given to the 1986 calibration datasets by
Stuiver and Pearson (1993) and Pearson and Qua (1993) may not be justified and may
mask real differences in regional 14C reservoirs. There is now evidence to suggest that
there may be small 14C variations between regions in the same hemisphere and between
hemispheres (McCormac et al. 1995).

There is an urgent need for new high precision A14C data from tree rings in both
Northern and Southern Hemispheres to help resolve the questions relating to the
magnitude and cause of the locality and temporal dependence of the A14C record, to
provide a reliable Southern Hemisphere calibration curve and to throw light upon the
1986 and 1993 Calibration data set discrepancies.

In this paper, we present the research design of a project to investigate these critical issues
in radiocarbon age calibration and describe the preliminary results.

This is a collaborative programme involving the Radiocarbon Dating Laboratories at the
University of Waikato in New Zealand and at the Queen's University of Belfast in
Northern Ireland, the Department of Plant Science at Lincoln University in New Zealand
and the Palaeoecology Department at Queen's. High precision decadal calibration
programmes require wood from demonstrably secure dendrochonologic sequences. The
Irish oak (Quercus sp.) dendrochronology has already been utilised extensively for
radiocarbon age calibration (Pilcher et al. 1984; Pearson et al. 1986). New Zealand cedar
(Libocedrus bidwillii) also fulfils the prerequisites for constructing accurate
dendrochronologic sequences. We are measuring A14C archived in decadal blocks of
Irish oak and New Zealand cedar spanning the period AD 950 - AD 1950. Because of the
importance of identifying possible interhemispheric and temporal variations, we are
analysing Northern Hemisphere wood in conjunction with Southern Hemisphere wood of
the same dendrochronological age. All A14C analyses of both North and Southern
Hemisphere wood, then, are being duplicated in the two laboratories at high precision
levels (A14C a =<±2.5%c or ca. ±20 14C yr). This novel approach will not only
determine the magnitude of any interhemispheric offset and whether it is constant in time,
but also will provide two new Northern Hemisphere data sets to enable the resolution of
the current calibration issue.
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Both radiocarbon laboratories utilise similar benzene sythnesis procedures using well
established chemical techniques and similar counting technology. Wallac 1220 Quantulus
spectrometers are used in both laboratories, with high voltage supply stabilised by manual
high voltage control (McCormac, 1992). The Belfast laboratory measure p decay activity
in 15 mL aliquots for each decadal sample. At Waikato, two samples of benzene of 8.5
mL size are produced for each decadal sample. This ensures Waikato a constant check on
laboratory reproducibility.

We will present the results of an intercomparison exercise designed to assess any offsets
between the two laboratories, describe our pretreatment programme for alpha-cellulose
preparation and present preliminary results of duplicate high precision A14C analyses
from AD 1950 to AD 1720.
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Reservoir Effects in Radiocarbon Dating

M.John Head
Quaternary Dating Research Centre

Division of Archaeology and Natural History
Research School of pacific and Asian Studies

The Australian National University
Canberra, ACT 0200

The radiocarbon dating technique depends essentially on the assumption that atmospheric carbon
dioxide containing the cosmogenic radioisotope 14C enters into a state of equilibrium with all living
material (plants and animals) as part of the terrestrial carbon cycle. Unfortunately, this assumption is
rather general, and there are many specific cases where this does not occur.

Terrestrial reservoir effects occur when the atmospheric 14C signal is diluted by local effects where
systems depleted in 14C mix with systems that are in equilibrium with the atmosphere. Naturally, this
can occur with plant material growing close to an active volcano adding very old CO2 to the

atmosphere (the original 14C has completely decayed). It can also occur in highly industrialised areas
where fossil fuel derived CO2 dilutes the atmospheric signal. A terrestrial reservoir effect can occur in
the case of fresh water shells living in rivers or lakes where there is an input of ground water from
springs or a raising of the water table. Soluble bicarbonate derived from the dissolution of very old
limestone produces a 14C dilution effect. Land snail shells and stream carbonate depositions (tufas and
travertines) can be affected by a similar mechanism. Alternatively, in specific cases, these reservoir
effects may not occur. This means that general interpretations assuming quantitative values for these
terrestrial effects are not possible. Each microenvironment associated with samples being analysed
needs to be evaluated independently.

Similarly, the marine environment produces reservoir effects. With respect to marine shells and
corals, the water depth at which carbonate growth occurs can significantly affect quantitative 14C
dilution, especially in areas where very old water is uplifted, mixing with top layers of water that
undergo significant exchange with atmospheric CO2. Hence, generalisations with respect to the marine
reservoir effect also pose problems. These can be exacerbated by the mixing of sea water with either
terrestrial water in estuaries, or ground water where undersea springs occur.

All of these reservoir effects will be discussed briefly (given time limitations), together with strategies
aimed at defining the significance of these effects.
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RADIOCARBON CALIBRATION IN THE LATE GLACIAL AND EARLY
HOLOCENE

by

MIKE B ARBETTI

The NWG Macintosh Centre for Quaternary Dating, Madsen Building F09, University of
Sydney, NSW 2006 Australia

The transition period between the Last Glacial Maximum and the early Holocene encompassed
several abrupt changes in climate. The timing and duration of these changes is currently the
subject of intense debate, because it is vital that we obtain a better understanding of instabilities
in the global climate system.

The global carbon cycle also changed substantially during the deglacial transition period.
Perhaps the most striking change is the rise in atmospheric carbon dioxide concentration,
deduced from measurements of air trapped in bubbles in polar ice cores. But there were also
marked changes in the 14C content of surface ocean waters, as shown by changes in the
apparent or reservoir age, and there were profound changes in the deep ocean currents.

Data for the construction of a radiocarbon calibration curve, showing the relationship between
radiocarbon ages and calendar years, are being derived from several kinds of investigations.
Tree ring data is available from southern Germany, from a 1764-year long pine chronology
which begins at about 11,400 cal BP and ends before 9600 cal BP. This floating pine
chronology is tentatively matched to the nearly 10,000-year long oak chronology, which
stretches to the present day.

Other sources of information on radiocarbon calibration include ice cores from the polar
regions, and varves in lake or river sediments, where annual layering is present. In other
cases, volcanic ash layers provide time markers which connect ice cores, terrestrial and marine
sediments; comparisons between radicoarbon dates and the annual time-scales of the ice cores
are then possible. Direct comparisons between radiocarbon and other dating methods, notably
uranium/thorium dates on corals or thermoluminescence dates on archaeological materials, also
provide information.

Investigations of sub-fossil Huon and celery-top pines from Tasmania are adding to the
information on radiocarbon variations during the deglacial transition period. A series of
radiocarbon measurements on tree rings between 10,100 and 9500 cal BP are helping to
validate the link between the German pine and oak series. Radiocarbon measurements by
AMS on consecutive annual rings at nearly 15,000 cal BP are providing data with unparalled
resolution at a time which is early in the deglaciation, where climate and atmospheric carbon
dioxide concentration are changing most rapidly.
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RADIOCARBON DATING AS A TOOL FOR A CORRELATION BETWEEN
CLIMATIC RECORDS

Irka Hajdas12, Georges Bonani1, Per Boden3, Dorothy M Peteel4 and Daniel h Mann5

1 ETH Honggerberg, 8093 Zurich, Switzerland, phone +41-1-633 2042;
Fax: +41-1-633 10 67, hajdas@particle.phys.ethz.ch

2 EAWAG, Umweltphysik, 8600 Dubendorf, Switzerland

3 Department of Geology and Geochemistry, Stockholm University,
S-106 91 Stockholm, Sweden

4 LDEO Columbia University, Palisades, NY 10964, USA

5 University of Alaska Museum, Fairbanks, Alaska 99775 USA

Although from the recent results of dating laminated lake sediments one can see that
changes in atmospheric radiocarbon content complicate the time scale of the Late Glacial
period, these variations can also be used as time markers. The global character of
changes in atmospheric 14C content such as dramatic rises in atmospheric radiocarbon
content at the beginning of the Younger Dryas or radiocarbon plateaux (decreases in 14C
content) at 10 kyr BP gives an opportunity for a close correlation between paleo records
around the globe. Such procedure however, requires high resolution radiocarbon dating
of correlated records. There is a number of records from European lakes, some of them
laminated, which have been dated with very high resolution and can be used for
correlation with records from other than the North Atlantic region.

Results of a high resolution radiocarbon dating of macrofossils selected from sediment of
Phalarope Pond (Kodiak Island, Alaska) and foraminifera and shell selected from
Solberga site in Sweden, provide a direct link between these two records of climate
changes of the last deglaciation.
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THE RADIOCARBON DATING PROJECT AT ABORIGINAL AFFAIRS
VICTORIA

(Abstract for poster paper)

DR. MICHAEL C.S. GODFREY (Honorary Research Fellow)

School of Chemistry, La Trobe University
Bundoora, Victoria 3083
phone (03) 9479-2408

fax (03) 9479-1399

The first age estimates for archaeological sites in Victoria and indeed Australia were obtained in
the early 1950s by Edmund Gill, not long after Libby had developed the technique of
radiocarbon dating, and from time to time the results of the radiocarbon analyses have been
published in the archaeological literature.

The purpose of this project has been to publish a complete list of the age estimates relating to
the archaeological sites in the State of Victoria from 1951 to 1995, and to assess the value and
the limitations of this information for interpreting the prehistory of this region.

This project has recorded 476 dates coming from 14 laboratories, and ranging in age from the
time of European settlement to the limit of the technique at around 40,000 years BP.

However, the available evidence indicates that large discrepancies may exist in these results,
and this has lead to the recommendation that this data should not be used in research projects
requiring dating accuracies of less than a few hundred years.

The main factors which have led to this recommendation are:

1) the large age ranges in radiocarbon results between laboratories dating replicate samples
(Table 1); and

2) laboratory error (Table 2).

Full results of this project have been published in the current issue of The Artefact, the journal
of the Archaeological and Anthropological Society of Victoria:

Godfrey, M. C. S., Bird, C. F. M., Frankel, p. , Rhoads, J. W. and Simmons, S., 1996
From time to time: radiocarbon information on Victorian archaeological sites
held by Aboriginal Affairs Victoria. The Artefact 19:3-51.

Copies of this Artefact can be purchased at the Conference, or through A.A.S.V. Inc., G.P.O.
Box 328C, Melbourne 3001.

This research work owes very much to the help from Mike Barbetti (SUA), Jim Bowler,
Vanessa Brand, Lee Brennager, Amanda Brown, James Buckley (I), David Clark, Nicole
Godfrey, Tatsuji Hamada (N), Don Hough, Jane Kierce, Kunihiko Kigoshi (Gak), Barbara
Kompe, Roger Luebbers, Jamin Moon, Judy Papps (ANU), Steve Robertson (ANU), Richard
Rothwell, Meyer Rubin (W), John Sherwood, Rodger Sparks (NZ) Gillian Taylor (SUA), and
the anonymous reviewer of the article in The Artefact.
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DENDROCHRONOLOGY AND RADIOCARBON DATING OF CONIFER
TREES AND BURIED LOGS FROM THE STANLEY RIVER, TASMANIA

by

EDWARD COOKi, MIKE BARBETTI2, BRENDAN BUCKLEY3,MIKE PETERSON*,
GILLIAN TAYLOR2, ZHAO YTJ2, BRUCE THOMSON2 and LLOYD WEEKS2

'Tree Ring Laboratory, Lamont-Doherty Earth Observatory, Columbia University, Palisades,
NY 10964, USA

2The NWG Macintosh Centre for Quaternary Dating, Madsen Building F09, University of
Sydney, NSW 2006, Australia

^Institute of Antarctic and Southern Ocean Studies, University of Tasmania, GPO Box 252C,
Hobart, Tasmania 7001, Australia

^Forestry Corporation, Hobart, Tasmania 7001, Australia

Dendrochronological studies are being carried out on two endemic conifer species in the
Stanley River area of western Tasmania. Living trees are growing along the river banks,
adjacent floodplain areas, and occasionally on the lower hill-slopes. Many ancient logs are
exposed in the bed and banks of the river, and several major excavations have been carried out
in floodplain sediments up to a hundred metres distant from the present river channel.

A tree-ring chronology for Huon pine {Lagarostrobos franklinii) now extends from the present
back to 571 BC. This chronology has been constructed using cores from living trees (up to
1400 years old), sections from trees felled during logging operations in the early 1980s, and
sections from subfossil logs in the river banks and floodplain sediments. Living celery-top
pine (Phyllocladus aspleniifolius) trees are up to 500 years old, and a short chronology is being
developed for this species as well.

Large excavations have been carried out over several years in floodplain sediments, and
sections have now been taken from a total of 350 subfossil logs. Both Huon and celery-top
pine are represented in the collection. They range in age from >38 ka to modern, with good
coverage for the periods 9-3.5 ka and from 2.5 ka to the present. A floating tree-ring
chronology for Huon pine has been established for the period ca. 7200-3500 cal BP, and is
gradually being augmented.

In the collection of about 350 ancient conifer logs from the Stanley River, about 150 currently
have known ages while the remaining 200 have yet to be studied. Most of them have ages less
than 9000 cal BP, but about 10% of them are older. Four of them are more than 30,000 years
old, and may be Last Interglacial in age. Nine of them are known to be between 18,000 and
10,000 years old, and six are between 10,000 and 9,000 years old. Our augmented collection
has become an increasingly important archive for further tree-ring and carbon isotope studies.
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Figure 3. Plots of the cross-dated Huon pine tree-ring chronologies from Tasmania and
radiocarbon-dated logs in the late glacial period. The chronologies have been smoothed
with a 20-year low-pass filter for plotting purposes. The annual sample size (N) of each
chronology is provided below the chronologies.
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AMS Radiocarbon Analysis of Microsamples

G.E. Jacobsen, Q. Hua, J. Tarshishi, D. Fink, M.A.C. Hotchkis, E.M. Lawson,
A.M. Smith and C.Tuniz

Australian Nuclear Science and Technology Organisation.
PMB 1, Menai, NSW, 2234. Australia.

The ANTARES AMS Centre has two chemistry laboratories dedicated to preparing targets for
measurement. Target preparation encompasses a variety of activities ranging from the curation
of incoming samples to the numerous steps involved in the purification and processing of
dissimilar samples. One of the two laboratories is set up for the physical and chemical
pretreatment of I4C samples. Treatments include cleaning by sonification, sorting, grinding and
sieving, and chemical treatments such as the standard AAA treatment, and solvent extraction.
Combustion and graphitisation are also carried out in this laboratory. The second laboratory is a
clean room and is dedicated to the combustion, hydrolysis and graphitisation of I4C samples as
well as processing targets for the other isotopes. Combustion is achieved by heating the sample
to 900°C in the presence of CuO, the resulting gas is purified by passing over Ag and Cu wire at
600°C. Graphitisation is carried out by reducing the CO2 with an iron catalyst (600°C) in the
presence of zinc (400°C) and a small amount of hydrogen.
Samples such as charcoal, shell, bone, wood, sediment, seawater and groundwater, containing
0.3-1 mg or more of original carbon, are processed routinely for radiocarbon analysis. The
current 14C chemistry background for 1 mg carbon is ~ 0.3 percent of modern carbon (pMC)
enabling us to date materials up to 45 000 BP.

Microgram Samples For 14C Analysis
At present, procedures are being tested for the treatment of samples containing a minimum of
20ug original carbon. These samples are treated differently to the larger samples with respect to
pretreatment and graphitisation.
Apart from the difficulty in handling, microgram size samples are more likely to be affected by
contamination with modern carbon. A study of the contamination introduced to the sample
during the combustion and graphitisation steps shows the increase in contamination versus
sample size (Fig 1).
Our routine method for graphitisation has not been successful for microgram samples as the
efficiency of the graphitisation, (ranging from 10-60%), is low and unreliable at low pressures
(Fig. 2). This is not acceptable as incomplete reaction will result in fractionation and affect the
accuracy of the final measurement.
To ensure complete reaction we have attempted techniques for the dilution of small samples
using 14C free CO2. The size of the sample is increased to around 300-400 ug and the
corresponding increase in the initial pressure of the reaction results in a greater reaction
efficiency (see Fig. 2).
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The accuracy of the measurement is reliant on the accuracy of the dilution and the degree of
fractionation which can occur during the mixing of the gasses. The advantages and
disadvantages of this method will be discussed.
An alternative method is to carry out the graphitisation in a smaller reactor, thus increasing the
initial pressure. However, the efficiency of the reaction cannot be assessed as the change in
pressure cannot be monitored. Results for this method will be discussed.

Figure 2
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Examining sources of bias in radiocarbon ages of New Zealand Kiore

Beavan, N R, and Sparks, R J
Rafter Radiocarbon Laboratory, Institute of Geological and Nuclear Sciences, New Zealand

Recent AMS dates for the Pacific rat (Rattus exulans I Kiore) from natural and
archaeological sites are significantly older than the generally accepted time for human
arrival in New Zealand. Because Rattus exulans is recognized as a human commensal for
Polynesian colonization in Oceania, radiocarbon ages for kiore could be used as an
indicator of earliest human contact with New Zealand. A strictly chronological
interpretation of the radiocarbon ages assembled, though, raises serious questions about this
arrival time. We have therefore considered it necessary to examine factors that could affect
the age determinations. A research programme in progress at the Rafter Radiocarbon
Laboratory aims to identify the range and influence of natural bias and variance in
radiocarbon ages in kiore bone samples. The main factors that could bias these ages are
the incomplete removal of contaminants by the current bone preparation methods, and
dietary carbon reservoir effects. Preliminary results of the various analytical techniques
employed are presented.

We have reviewed chemical preparation procedures for effectiveness in removal of burial
contaminants, especially when limited by small original sample sizes (<160mg), and for
their effect on stable isotope signatures. Analysis of 6 C and 61 5N as used for
paleodietary studies here assists the identification of marine versus terrestrial food sources.
Since paleodietary analysis requires laboratory accuracy of +/-0.1%c, we examine the
variation in stable isotope signature from chemical treatment (such as with NaOH or
ninhydrin evolution), and test similar effects from the use of specialized ion exchange
resins. We have also begun to assemble an dietary isotopic database, compiling isotopic
signatures for a number of R. exulans specimens, both modern and ancient, as well as for
a range of proteinaceous dietary items.

Bridging our work between the chemical treatment issue and the dietary effect concept is
the use of amino acid analysis and specialized HPLC. We present here the first amino acid
analyses of both modern and ancient samples of Rattus exulans. Modern amino profiles
offer a baseline by which we compare changes in ancient bones' amino acid composition
due to diagenetic and/or treatment effects, both of which can contribute to changes in
isotope signatures. Amino acid analysis has also enabled the development, in collaboration
with Massey University, of an HPLC preparative technique tailored to essential amino acid
separations. If dietary sources with depleted carbon contribute to the anomalous age
problem, then we theorize that this vector should be traceable by separation of essential
amino acids from hydolyzate, followed by AMS dating.

PAPER NO. 37



SESSION 8

OTHER DATING APPLICATIONS



AU9816893

NON-DESTRUCTIVE MEASUREMENTS FOR CHARACTERISATION OF
MATERIALS AND DATATION OF CORONA FERREA OF MONZA

M Milazzo and C Cicardi
University of Milan and INFN - Italy

T Mannoni
University of Genoa - Italy

C Tuniz, ANSTO

The "Corona Ferrea" (Iron Crown) of Monza (Italy), a gold alloy crown finely finished
and adorned with precious stones and enamels, derives its name from the medieval legend
that an iron nail of the Cross was contained in its interior. Without doubt it is one of the
most famous masterpieces of late Roman or Longobard origin which, it is claimed,
Charles the Great used for his coronation in 800. Historically based datation however
traces back only to the year 1530 for the coronation of emperor Charles V. It was later
used by Napoleon for his coronation as King of Italy in 1805.

In the 14th centenary of Monza Cathedral, where the Crown is guarded, a series of non-
destructive tests was undertaken with the aim of characterising material (metals, glasses,
enamels) and obtaining detailed information on the manufacturing technique.

Non-destructive analyses were performed using energy dispersive-XRF portable
instrumentation. To irradiate the internal surfaces of the six gold plates which make up
the Crown we employed the radioactive isotope americium-241 as the x-radiation source,
while to probe the other parts (approximately 200 separate points were studied) we used
various types of x-ray tubes equipped with glass capillary to focus the x-rays on single
small spots. It was not possible to use monochromatic exciting radiation when analysing
the Monza Crown; furthermore, none of its surfaces proved to be flat. This meant that
the secondary, concentration-dependent x-ray emission from copper could not be
calculated, neither was it possible to calculate the influence of surface irregularities on x-
ray intensity. We overcame these difficulties by a method that involved calculating the
ratios: copper line intensity to gold line intensity (ICI/IAU)

 a nd silver line intensity to gold
line intensity (IAg/Au)- We then compared these ratios to the same ratios determined in
standard samples of gold alloy whose compositions were accurately known and similar to
that of the Crown. In this way the secondary excitation effect of copper was allowed for.
The method depends upon the ratio of the intensities of two x-ray emission lines from a
metal alloy being relatively insensitive to the geometry of irradiation.

In a second series of measurements attention was turned to smaller metal parts (such as
the weld points), as well as the enamel and glass embellishments of the Crown. In this
case a special x-ray collimator was used consisting of a glass capillary of internal
diameter 0.7mm protected by a rigid brass sleeve. The advantage of this device and the
technique (called micro-XRF) is that it focuses the x-radiation more or less to a point.
The area (or point) under investigation was identified by laser alignment system.
Conditions for detecting each chemical element were optimised by using different types of
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x-ray tube: tungsten anode tubes for the heavy metals; tubes with molybdenum and
copper anodes for progressively lighter elements.

It was not possible to analyse quantitatively the enamel or glass work present in the
Crown, either in terms of light or heavy metals as it was not possible to measure the
thickness of these pieces without damaging the Crown and we did not know the exact
composition of their matrices. However, qualitative analysis did provide some important
information.

The white enamels, considered to be original, were found to have antimony as a major
metal component. Given the high level of calcium also, the antimony was probably
added as calcium antimonite to render the enamel opaque. In the blue enamels antimony
was present in much smaller quantities, sometimes close to the detection limit of our
method. In both the white and blue enamels lead was present, probably in oxidised form,
and had been added as a brightener. By contrast, the white and brownish enamels, which
have a different visual appearance from the rest, were found to have tin as the major
component - added to render the glaze opaque, while antimony was completely absent.
These white and brownish enamels also contained potassium, presumably added as a
fluxing agent. Potassium was not found in the enamels of any other laminae, and this
finding is taken to imply that sodium was the flux used for these other enamels, since this
is the only practical alternative to potassium. As mentioned previously, our techniques
were not able to detect sodium.

The Monza Crown was subjected to radiographic photography to obtain transparent
images on film. Twelve photographs were taken: six centred on the plates and six on the
junctions between the plates so as to produce a composite image of the entire Crown.
The x-ray photography revealed some interesting information, for example the presence
of perforations in the plates hidden beneath the glass and enamel work, which were
originally made to facilitate attachment to the internal metal ring but were never used.

As to datation, small amounts of wax mixed with clay to fix stones and ornamental
external plates, were used for C14 mass spectroscopy analysis. Preliminary results
obtained by the ANSTO AMS laboratory gave: radiocarbon age 1278+/- 31 which
corresponds to 699-776 AD (1 sigma) and 669-819 AD (2 sigma).

All the results obtained gave new information as well as confirmation of an in-depth
examination performed by an international team of history and art experts which produced
a basic work for the history of Corona Ferrea.
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Radiocarbon dates from Wairau Bar and their implications for
the prehistoric colonisation of New Zealand
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A.J Anderson
Department of Prehistory, Division of Archaeology and Natural History, Australian
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The important prehistoric site of Wairau Bar is located at the mouth of the Wairau River,
near Blenheim in the South Island of New Zealand. The cultural deposits discovered
initially by J. Eyles and later excavated by Duff (1956) and others (Wilkes, 1964;
Trotter, 1975; 1977) disclosed an economy centred around the exploitation of extinct
avifauna. Most notable amongst the faunal record are moa, of a variety of species, and the
extinct swan. The material culture stands out in its richness and variety. The types of
adzes and Archaic ornaments found here are unparalleled in any other New Zealand site.
Striking similarities have been noted between the Wairau assemblage and those recovered
from sites in the Society Islands. This evidence has led to the conclusion that, in its
lowest cultural layers, the Wairau Bar site is early in the New Zealand context and has led
one of us (AJA) to suggest that part of the site probably contains burials of the first
generation of Polynesian settlers (Anderson, 1991).

No understanding of the early human colonisation of New Zealand can be reached with
confidence in the absence of a reliable chronology for Wairau Bar. Unfortunately, there is
a paucity of reliable radiocarbon dates from the site. Until now, this problem of obtaining
an acceptable chronology has appeared intractable. Recent work, however, has enabled
us to revisit the question of dating.

Research into the reliability of moa eggshell as a dating material has yielded encouraging
results (Higham, 1993; 1994). Stratigraphically identical samples of eggshell, marine and
estuarine shell, and identified charcoal from three sites have shown no statistical
difference between the radiocarbon assays of the different materials. Higham (1993;
1994) has demonstrated that eggshell is a reliable material, which dates the archaeological
event accurately. In addition, he concluded that eggshell possessed a minimal inbuilt age,
was resistant to post-depositional contamination and is unlikely to have been deposited in
prehistoric contexts as a result of natural processes.

We have obtained a set of thirteen moa eggshell samples from burial features at the
Wairau Bar site for dating. The samples were obtained from the Canterbury Museum in
Christchurch where they have been displayed as part of a permanent exhibition, after
extensive negotiations with Rangitane iwi (the tangata whenua of Wairau). We also
obtained three marine shell samples. We radiocarbon dated the samples using
conventional and AMS techniques. The results will be presented and the archaeological
implications for the prehistoric colonisation of New Zealand will be discussed.
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The seasonal factor at the prehistoric site of Shag River
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Since Teviotdale (1932) considered the origins of the southern "moa hunters" in the
1920s, seasonality has been a variable of importance in understanding the economic and
social patterns of the earliest inhabitants of southern New Zealand. Teviotdale (1932)
suggested that the moa-hunters' of the southern South Island were not permanent settlers
in the area but seasonal visitors, migrating in search of big game from bases in the North
Island. In the 1960s and 70s an increasing emphasis on economic prehistory resulted in
the development of a number of practical methods designed to determine the nature of
prehistoric seasonality in southern New Zealand. Coutts (1970, 1974), Coutts and
Higham (1971), Coutts and Jurisich (1972), Coutts and Jones (1974), Teal (1975),
Leach and Leach (1978), Anderson (1981), Till (1984), Smith (1985), Till and Blattner
(1986), Smith (1989), Higham (1990; 1996) and Samson (1996) have made seasonality a
central issue in their research (see Higham, 1996 for full references). Leach (1969) and
Anderson (1982) have attempted to integrate some of these results towards developing a
regional synthesis of settlement patterns and seasonality. Despite some significant
developments, the overriding problem has continued to be the inflexible nature of the
region's faunal spectrum. Ideally, the prehistorian requires plants or animals which are
restricted in their seasonal availability to a narrow time range. Unfortunately, many of the
plants and animals available to southern Maori were available all year round. The
exception is the muttonbird (Puffinus griseus), but because these birds were preserved
and traded, finding their remains in sites is no guaranteed indicator of seasonality, except
perhaps on the islands of Foveaux Strait, where the birds breed. Many of the faunal
remains that have been used often possess large margins of error that hamper precision.

The site of Shag River Mouth (NZAA site number S155/5) is located at the mouth of the
Waihemo, or Shag River, near Palmerston in North Otago, New Zealand. It is over 2 ha
in size and has a long history of archaeological investigation beginning with Von Haast in
1874. In 1988, after a series of smaller test excavations, Anderson and Allingham
directed a large research investigation involving detailed examinations of dating and
chronology, stratigraphy and taphonomy, flora and fauna, seasonality, geology and lithic
technology (Anderson etal., 1996). The most extensive excavation comprised one large
10x10 metre square on the highest part of the dune (SM/C:Dune) and smaller test
excavations along it and down onto the lower marsh land (Anderson et al., 1996). This
excavation and the subsquent analyses of material from it are described in Anderson et al.
(1996).

This paper addresses seasonality at the Shag River Mouth site. A 2 m section in layer 4 of
the SM/C:Dune site was left as a baulk in 1988 to enable the stratigraphic profile (~2m) to
be more carefully investigated. Within the baulk, detailed lensing and microstrata could be
identified. Claassen (1991) has suggested that one of the most important variables in
determining seasonal and prehistoric shell-bearing site formation more accurately is
emphasising finer stratigraphic resolution and more rigorous attention to retrieving
midden components. At Shag River Mouth, seven sub-layers, or spits, were excavated
within the 2m baulk to refine the precision of subsequent seasonal analyses and enable a
detailed assessment of the components of each and their season of deposition.

In this paper, a variety of seasonal methods were utilised including 18O analysis of blue
mussel shell carbonate and growth ring analysis of estuarine bivalves. In addition, sagital
otoliths of red cod excavated from the site were sectioned and the annual and seasonal
growth rings formed during the fishes' life were analysed for seasonal information. This
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has enabled a detailed analysis of the seasonality of this discrete area of the Shag River
Mouth site. The significance of the results for understanding the prehistoric seasonal
round of activities within the site and its wider orbit is presented.
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Iron artefacts are generally dated by association or on stylistic grounds. This may

not give a true indication of the date of manufacture, or may not be possible if the

piece is out of context, ambiguous in style, or a copy. Obtaining a direct date on the

artefact would be preferable.

During the processes of manufacture, carbon is incorporated into the iron from the

fuel source. If the fuel is of a material containing contemporaneous carbon, i.e. has an

ambient radiocarbon signature, e.g. charcoal, then we may reliably radiocarbon date

the artefact by extracting this carbon. Care must be taken, however, to ensure that

re-working has not introduced multiple sources of carbon that would give an erroneous

date. Detailed chemical analysis must precede radiocarbon analysis.

Sample size is determined by carbon content, and before the advent of accelerator

mass spectrometry, several tens of grams of carbon were required for radiocarbon dating

(van der Merwe, 1969), prohibiting this method except for high-carbon cast-irons and

bulk samples, e.g. caches of nails. AMS permits the analysis of sub-gram pieces of iron

(Cresswell, 1991), thereby permitting the analysis of museum pieces with only minimal

loss of material, and small fragments of iron recovered from archaeological sites. A few

examples illustrate these points:

1. Stylistically, an iron dagger held at the Royal Ontario Museum, Toronto, Canada,

resembled one held at the Massachusetts Institute of Technology, as well as a

number of bronze daggers dating from the first millenium BC. By extracting the

0.3%, by weight, carbon from about a gram of iron from the hilts of the dag-

gers, radiocarbon dating confirmed their antiquity and contemporaneous origins

(Cresswell, 1992).

2. The origins of crucible steel date back at least to the first millenium AD. Direct

dates on small samples excavated from Swahili siltes in Kenya (Kusimba, et al,

1994) and from Sri Lanka give ages in accord with occupation of the regions, with

the oldest steel samples thus far dated from Kenya from the 7th to 8th century

AD.
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3. The suggestion of Norse iron being worked in North America came from radio-

carbon dating of over 30g of an iron bloom discovered in the collections of the

Smithsonian Museum, and associated with excavations relating to the voyages

of Sir Martin Frobisher, in his search for the North-west Passage in the 16th

Century (Sayre, et al., 1982). More detailed, depth analysis of an additional

bloom from the site, however, revealed surficial contamination, apparently from

re-heating in a coal-fired hearth, resulting in anomalously old ages for the near-

surface samples. While there is still debate regarding the true origin of the bloom

(Harbottle, et al., 1993), the dates from the interior samples gave credence to the

Elizabethan origin for the bloom's manufacture (Cresswell, 1992).

4. The ability of AMS to allow sampling of small fragments proved fruitful when

analysing composite axe heads associated with European-Native Indian trading

in the 19th Century. Dating of separated iron strips, welded together to form the

eye, indicated that many of the axes were the result of significant re-working of

iron from quite different origins, many being much younger than hoped, as they

included strips of iron from coal-fired furnaces.

In addition to the usefulness of radiocarbon measurements on small iron artefacts,

the above illustrate some of the pitfalls associated with this method. The recent use of

coal as the combustion and reducing agent in iron production provides both a useful

diagnostic for the recent manufacture of iron, and an inconvenience when trying to date

samples from the last few hundred years, and when dealing with re-worked samples.

Carefull metallographic and chemical examination must precede the more expensive

radiocarbon analysis. For older samples, where it can be demonstrated that the organic

material incorporated into the iron had a contemporaneous radiocarbon signature, real

dates may be obtained from less than a gram of iron.
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Application of the 210Pb-dating technique to establish a chronological framework of
trace element and heavy metal contamination resulting from the impact of European
settlement in estuarine systems of the Sydney Basin, Australia.
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The estuaries of Georges River and Hacking River (Figure 1), partly located in suburban
Sydney, are at significant risk of contamination by heavy metal and trace element pollutants
associated with urban/industrial development. The object of the current work is to
correlate changes in land use resulting from European settlement with chemical changes
observed in soil sediments.

The region was first explored by Bass and Flinders in 1795 with the first land grant being
issued in 1798. Initial settlement of the area was restricted because of its isolation from
both Sydney and Parramatta, a situation which only changed with the building of a viable
road system (circa. 1814). By 1900 Georges River was experiencing siltation and the water
quality adversely affected by local industry, particularly wool-washing facilities. At the
time the area around Saltpan Creek was being promoted as a site for 'noxious trades'.
Rapid subdivision of land began soon after the turn of the century with major subdivisions
occurring in the 1910s and 1920s. Significant post-war industrialisation occurred during the
1950s and 1960s. The present day appearance of the region is one that consists of pockets
of native bushland interspersed with typical suburban expanses and tightly concentrated
civic and commercial centres. Located throughout these areas are small industrial estates.
Of the two river systems the Hacking estuary is the less affected by urbanisation owing to
the proximity of the Royal National Park
(established in 1879).

In the Georges River system four locations
where chosen for study, namely: Prospect
Creek, Saltpan Creek, Soily Bottom Point
Bay and Woronora River. In the Hacking
River system two locations were chosen
one at Grays Point and the other at
Cabbage Tree Basin. The selection criteria
used to evaluate each location consisted
primarily of identifying areas which were
relatively undisturbed, reasonably
accessible, and located in areas which
ranged from industrial to natural bushland.

SYDNEY
N

1 - Georges River
2 - Hacking River
A - Prospect Creek
B - Saltpan Creek
C - Soily Bottom Point Bay
D - Woronora River
E - Grays Point
F - Cabbage Tree Basin

Figure 1 - Location of Georges and Hacking Rivers
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At each location core samples were taken and selected slices analysed for 226Ra and 210Po
using alpha spectrometry. The 226Ra activity equates to the supported 210Pb activity and the
2'°Po activity equates to the total 210Pb activity. The difference between the total and the
supported 210Pb is the excess 210Pb activity. Once the excess 2l0Pb has been layed down in
the sediment its activity at depth (assuming the core to be undisturbed) is solely a function
of its half-life and the initial amount present; a circumstance which readily affords the
calculation of a sedimentation rate. Owing to its relatively short half-life (22.26 year) the
210Pb dating technique can be used to date sediments as far back as about 120 years. In
Australia this time frame would cover most of the period of European settlement.

For those cores which displayed an exponential decrease of excess 210Pb with depth
(indicative of an undisturbed core) a sedimentation rate was calculated using either the
Constant Initial Concentration (CIC) Model, the Constant Rate of Supply (CRS) Model or
the Constant Flux : Constant Sedimentation rate (CF:CS) Model. Some of the locations
sampled exhibited very complex excess 210Pb versus depth profiles (most likely the result
of sediment mixing) which were not conducive to the calculation of a sedimentation rate.

For the locations where a sedimentation rate could be determined, sub-samples of the slices
used to analyse for 226Ra and 210Po were submitted for either Neutron Activation Analysis
(NAA) to measure trace elements or flame Atomic Absorption Spectroscopy (AAS) to
measure heavy metals. By using the sedimentation rate data to construct an age versus
depth profile and combining this with the trace element (or heavy metal) concentration
versus depth profile it has been possible to map the concentration of different species
against the age that they were laid down in the sediments. Data from the deepest cores (>
lm) were correlated against the historical dates for European settlement and the peak
periods of urbanisation/industrialisation in the surrounding areas in an attempt to establish
the pollutant chronology resulting from post-European settlement. Data from the shallower
cores (typically 25 - 30 cm) were used to map the differences in pollutant levels in modern
times in the two river systems, as well as to track pollutant levels down river in the
Georges River system.

In the present work core samples from Prospect Creek, Saltpan Creek, Soily Bottom Point
Bay, Woronora River and Grays Point were analysed in detail. The Prospect Creek site is
located in a densely urbanised area with adjacent industrial development and 5 km
downstream from a Waterboard Storm Sewerage Treatment Plant. The Saltpan Creek site is
located 2.5 km downstream from an industrial development and a disused council rubbish
tip. The results from both of these sites show elevated pollutant levels when compared with
the less industrialised sites at Soily Bottom Point Bay and Woronora River. The site at
Grays Point is the lest affected by pollutants and reflects the fact that approximately half of
the catchment area is contained in the Royal National Park which is largely void of human
habitation and major industrial activities.

Results from the deepest cores suggest that for a number of the elements studied a
significant increase in concentration was observed in sediments laid down at the start of the
twentieth century. In general it was found exceedingly difficult to correlate elevated
pollution levels with specific urban / industrial developments. This work is part of an
ongoing project and the acquisition of further data should improve the resolution with
which we are able to elucidate the pollutant transport mechanics in these two estuarine
systems.



AU9816898

NEW POTS FOR OLD
Thermoluminescence authentication of T'ang and Han Dynasty pottery
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Over the years during which the Wollongong thermoluminescence (TL) dating laboratory
has operated it has been called upon to authenticate various pieces of ancient pottery. By far
the frequently submitted wares originate from China and the majority of these are either in
the Tang or Han Dynasty style. Over the past two years there has been a marked increase
in the demand for such testing. As many of these pieces have been purchased in Hong
Kong this possibly reflects the scheduled change-over during 1997.

More than 80 pieces of Tang Dynasty and 40 Han Dynasty style ceramic wares have been
analysed and this paper presents a summary of these results. Approximately 60% of Han
ceramics and 45% of the T'ang pottery authenticated have been shown to belong to periods
other than that stylistically suggested. Items which have been found not to be of the
anticipated antiquity generally fall into distict age groups. Of the T'ang wares the most
commonly copied item is found to be the horse and for the Han pieces, human figures and
ewers/pots/vases represent the most frequently reproduced wares.

Despite the attractive appearance of many of the wares analysed by this means all is not
necessarily what it seems. Many of the wares tested cannot be clearly identified as being
original or a more recent copy. It seems that a proportion of these reproductions may have
been made in the original moulds rendering them stylistically quite unidentifiable from the
original pottery produced from those moulds. TL can however often assist in this
identification. A small sample taken from the underside of the ware is necessary and this
usually takes the form of three or four small drill holes around 1.5mm in diameter. This
material is removed from a position such that it does not detract from the appearance of the
ware. If required these holes may be later filled although the philosophy encouraged by the
laboratory is to leave these as they form a part of the art history of the ware tested. Care
must be taken to remove this sample from areas which form a part of the original item as
many pieces may have undergone restoration. Particularly vunerable are the extremities
such as limbs, tails and the like. The analysis material taken from of a restored area will
result in an age more recent than the fabrication of the original ware. Quite frequently it is
also possible to authenticate bronze pieces by this means. This requires the removal of a
small amount of the remaining casting core assuming that this is accessible. Such material is
generally removed using a small probe rather than by drilling.

Authentication does not seek to provide an accurate age of manufacture of the item under
test. This form of test is conducted in order to establish whether or not the age of the ware
is consistent with the stylistic appearance. Because of the many unknowns regarding the
history of the item under test and the small amount of sample removed, more accurate age
determinations cannot be made. In order to achieve greater accuracy it is necessary to
remove more sample and this is not often possible. The method is also best suited to the age
determination of lower fired earthenware items.

The first step in the authentication process is to prepare a number of sample aliquots. This
is achieved by settling the grains of a certain size (1-8 micrometres) onto a number of
aluminium planchettes. Subsequently these are heated so releasing the TL signal which has
accumulated since the last firing of the object. This process is achieved under carefully
controlled conditions which allow the TL signal to be measured in the form of the light
emitted during heating - TL. TL is stored in the form of trapped electrons within crystalline
minerals within the pottery and the energy which produces TL is provided by the trace
amounts of long-lived radioactive isotopes which are also present within the pottery. The
initial firing of the ware resets the TL signal which then begins to build up once again at a
rate dependant upon the radiation flux present. It is therefore necessary to perform two sets
of measurements: one to determine the amount of TL accumulated since the initial firing of
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the object and the second to measure the level of the radiation flux which has created this.
The longer the time elapsed since the item has been heated the higher the TL level emitted by
a given sample.

TANG DYNASTY POTTERY (618-907AD)

Of the many items submitted to the laboratory for TL authentication since 1972 this style of
pottery has proved the most frequently analysed. In total 77 items have been provided for
test. Of these 42, or 55%, have proved consistent with their stylistic appearance. A total
of 7 pieces (9%) have yielded ages indicating Ming Dynasty origin, 21 (27%) around 100
years of age and 7 (9%) having been produced about 40 years ago. In fairness it must be
stated that several of the pieces which proved to be of Ming origin were suspected of being
so by the initiators prior to TL analysis. The pulses recorded around 100 and 40 years
clearly coincide with periods of change within the country . Pottery fabricated during these
periods make up a substantial proportion of the total number of Tang style wares tested in
the laboratory. The proportion of Tang pottery proving to be authentic has increased over
the last two years with the percentage increasing from 39% between the years 1972 to 1993
to 55% over the entire period from 1972 to 1995.

A breakdown of the type of T'ang pottery most frequently reproduced reveals that the most
popular items on the list involves horses with and without riders. Of the 33 such wares
tested over the period 1972 - 1995 58% proved to be of more recent origin. 35% of the
human figures submitted for authentication also yielded ages inconsistent with their stylistic
appearance. There were insufficient numbers of the remaining items tested to provide
reliable statistical information.

RAN DYNASTY POTTERY (206BC - 22 IAD)

During the past 23 years a total of 39 wares thought to have origin within this Dynastic
period have been submitted for TL authentication. Of these 16 (41%) have proved
consistent with this time period. The ages of 8 pieces (21%) have fallen within the T'ang
Dynasty period and are probably due to incorrect identification in the first instance. As is
the situation in the case of the study of the frequency of reproductions for Tang style
pottery, there were substantial pulses of Han reproductions produced around 100 and also
40 years ago. These numbered 10 (26%) and 5 (13%) respectively. Once again these
periods coincide with times of considerable change within China. There appears to have
been little change in the proportion of reproduction Han wares presented to the laboratory
over the years of its operation. This figure remains high at around 60%.

The number of items presented for test and thought to have their origin within this period is
not as high as in the case of the Tang Dynasty study. The resultant data therefore should be
regarded as being correspondingly less reliable. It is quite noticeable however that 67% of
the 9 pieces constituting human figures yielded ages consistent with more recent fabrication.
56% of the 9 ewers, pots and vases tested also proved to be inconsistent with the anticipated
period whilst pieces involving horses etc, produced during this period appear less
frequently with a reproduction rate of 38% compared with 58% for similar Tang period
pieces. There were no wares of this stylistic period detected within the Ming Dynasty time
frame as is the case for the Tang Dynasty study.

It should be remembered that this study is limited to those items presented to the laboratory
for authentication. This may well cause a bias in the sampling process resulting in a higher
proportion of reproduction items than is normal. The study does however serve to
demonstrate the general trends which can be expected and will possibly serve as an indicator
to those proposing to purchase items which are purported to have their origin within the
dynastic periods covered. There is clearly a need for caution particularly for the unwary and
less experienced. If in doubt it may be advisable to arrange some form of testing, or at
least, seek a second opinion, prior to making such a purchase.
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HIGH-RESOLUTION DATING OF ANCIENT CERAMIC KILNS IN
THAILAND, LAOS AND BURMA BY RADIOCARBON AND
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by
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Sydney, NSW 2006 Australia

Radiocarbon dating is widely used on organic samples, especially wood, charcoal and bone.
Classical techniques use samples of several grams, but only a few milligrams is needed for
measurements by Accelerator Mass Spectrometry (AMS). This has proved to be very useful
in dating small fragments of charcoal preserved in ash layers from ancient kilns.

Palaeomagnetic techniques are readily applicable to the study of ancient kilns. Core samples
are drilled from the walls and floors, and oriented before being detached and measured on a
sensitive spinner magnetometer in a laboratory. Resolution of a quarter of a century at 95%
confidence can be achieved in favourable circumstances but only at certain periods of time.

Radiocarbon dating shows that the earliest stoneware ceramics are from the 1 lth - 12th
centuries AD and palaeomagnetism indicates that many in-ground kilns are of this age. Kilns
of this type, which were hollowed out in sediments near river banks or old terraces, are found
near Sisatchanalai in north-central Thailand and near Luang Prabang in northern Laos; they are
similar in age to the Khmer-type kilns found at Suphanburi in central Thailand.

A different type of kiln, constructed of bricks and located above-ground, appears towards the
end of the 13th century AD. One of the earliest surface kilns at Sisatchanalai has a well-
determined date of 1290 ± 15 AD (calibrated radiocarbon age, 95% confidence).

There is an overlap of the two technologies; stratigraphy and palaeomagnetic results show that
in-ground and above-ground brick kilns continue almost side-by-side throughout the 14th
century AD. One of the latest in-ground kilns at Sisatchanalai has a date of 1410 ± 25 AD
(calibrated radiocarbon age, 95% confidence).

There are many brick kilns belonging to the 15th century AD at Sisatchanalai, and they appear
then at other sites in north-central Thailand (e.g., Sukhothai and Phitsanulok) and in Burma
(e.g., Lagumbyee). In-ground kilns continue to be used in northern Laos even in the 15th
century AD.

The latest brick kilns at Sisatchanalai are 16th and possibly 17th centuries AD, as are the kilns
at Singburi in central Thailand and the in-ground kilns at Vientiane in Laos.
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Constraints on the ages of Mid-Pleistocene
Megafaunal assemblages from southern Australia by

U/Th dating of associated speleothems.

lAyliffe L. K.. 2Moriarty K. C, iMarianelli, P.C. and 3 Wells, R.T.

1 Research School of Earth Sciences, The Australian National University, ACT 0200.
2 Department of Earth Sciences, Flinders University of South Australia, Bedford Park, S.A.
5042
3 Biology Department, Flinders University of South Australia, Bedford Park, S.A. 5042

Terrestrial faunal deposits have traditionally been difficult to date where their ages are beyond
the limit of the radiocarbon dating technique i.e.> 40, 000 yrs. The lack of accurate ages for
faunal deposits of mid to early Pleistocene in age, a time characterised by large scale
fluctuations in global climates and the colonisation of Australia by humans, has been a limiting
factor in many palaeontological and palaeoecological studies.
The current work is an attempt at placing age constraints on some mid-Pleistocene faunal
deposits occurring in the limestone caves of the Naracoorte region (Wells et al., 1984). The
intimate association of these deposits with cave formation (flowstones and stalagmites)
provides an opportunity to date the emplacement of the sediment and fossils. This study
follows on from earlier work (Ayliffe and Veeh, 1986) and employs the Thermal Ionisation
Mass Spectrometry (TIMS) technique to date speleothems to high precision.

Two sites in Victoria Fossil Cave (Grant Hall and Spring Chamber) and one in Cathedral Cave
(Main Chamber) are the focus of this study. All sites have sediments containing Megafaunal
remains that are bracketed by datable flowstones. Sediment and bone appear to have entered the
cave systems through solution tube openings to the surface. Sediments have been reworked by
the action of water in all the chambers investigated, and have complicated internal
stratigraphies.

Fig. 1 shows the ages of the bracketing speleothems of each of these Megafauna-rich cave
sediments. Also shown on the same diagram is the observed speleothem growth distribution at
Naracoorte over the last 500 ka superimposed on the SPEC MAP 818O deep sea sediment
record. We use speleothem growth at Naracoorte as a proxy for palaeo-precipitation, time
periods associated with a lot of speleothem formation are assumed to be wetter than those with
little or no speleothem formation. The compiled U/Th ages of forty massive speleothems from
the Naracoorte caves indicates that speleothem deposition (and therefore effective precipitation)
has been highly episodic throughout the last 500 ka, fig. 1. The peaks in effective precipitation
as indicated by the speleothem age data over the last few hundred thousand years agree well
with other paleo-precipitation proxies such as lake level data. Speleothem growth episodes are
separated by 30-40 ka long depositional breaks commencing at the height of the last 4 glacial
cycles. In this regard, it is particularly significant that all of the Megafauna-rich sediments
bracketed by speleothems in this study span one of these arid periods. We speculate that the
sediments at the three sites studied have entered the cave during the drier periods. With reduced
vegetation cover during one of these "dry" periods, surface sediment would have been more
mobile and entered into the cave system via solution tube entrances. Climatic conditions during
an arid period however, would have been less likely to have supported very high concentrations
of Megafauna. We think the rich Megafaunal assemblages at this site are more likely to have
resulted from animals falling into the cave during the "wet" periods preceding and/or postdating
sediment deposition during times of higher population density. Once in the cave, Megafaunal
remains could then have become mixed with cave sediments during sediment reworking
episodes.
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Sediment sandwich ages at Naracoorte compared with local speleothem growth patterns (filled
curve) and SPEC MAP S^O record (dotted line). The speleothem growth histogram has been
constructed by adding together the true age distributions of 40 speleothem samples. The true
age distributions for each speleothem sample have been calculated using a Monte Carlo
simulation assuming normally distributed errors for each of the input parameters into the
standard U/Th age equation. Each date is represented by 1000 age simulations. One sample on
the above diagram has an area equivalent to 1000 counts x 500 years.
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Trans-regional technologies? Historic stonewares of central Thailand
Peter Grave
Department of Archaeology & Palaeoanthropology
University of New England
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Limited empirical investigations at kiln sites, shipwrecks and of stylistic influences
have already undermined many historically-based assumptions about the significance
and spread of stoneware production in inland Southeast Asia.

Using a high precision elemental analysis of the glazed white stonewares from
Sisatchanalai I demonstrate that a systematic shift occurred from more complex to
simplified ceramic technology at this site. I argue that the initial more complex phase
of technology, counter-intuitive in an evolutionary framework, reflects a Chinese
origin for the ceramic technology employed in the first phase of production at this site.
The shift appears to relate to the initial importation of Chinese technology (if not
potters themselves) to establish local production of Chinese-like glazed wares to
improve kaolin potting clays. This phase involved three to four centuries of stability in
the range of production strategies at Sistachanalai followed by rapid change towards
specialization and a simpler method of clay preparation in the final sixteenth/early
seventeenth century phase of the site.

Ceramic simplification and increased output in the 16th/early 17th century
accompanied a sharp fall in kiln variability reflecting greater technological
homogeneity and specialization. The shift to more focused production immediately
preceding the demise of ceramic production at Sistachanalai is consistent with a view
that both are part of the same craft response to wider economic processes.

The technological complexity and historical depth of specialized craft production at
Sistachanalai in central northern Thailand provide a detailed exposition of variables
that play out in other regional-global interactions, and allow us an unparalleled
opportunity to study economic political and technical change at this important
juncture in global development.
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EMULATION AND COMPETITION IN SOUTH ITALIAN CERAMICS

E. G. D. Robinson

Greek colonies were established on the coasts of South Italy from the 8th century BC onwards.
All of the colonies produced ceramics, emulating styles from the Greek mainland and Asia
Minor. At times, the Italian vessels are not easily distinguishable from their Greek models;
much more often, the products of different colonial centres cannot be distinguished from each
other. So far, archaeometry has not greatly assisted in the separation of these colonial
productions. There are a number of factors which have probably contributed to this.

Competition amongst the production-centres, and special conditions affecting the emulation of
mainland Greek ceramics in a colonial environment, are likely to have had an important effect
on the chemical composition of the ceramics. Insights have grown out of an attempt to
distinguish between the ceramic products of the two most important centres in South Eastern
Italy, Taranto and Metaponto. There can be little doubt that the two colonies, whose political
rivalry is well-documented in ancient textual sources, competed for markets for their pottery.
The red-figured vases (late 5th and 4th centuries BC) of both centres are very well characterised
stylistically, down to the level of the attribution of most vessels to the hands of individuals.
Many vessels were exported to the indigenous inhabitants of South Italy, including a number
which on the basis of their shape and/or decoration, were manufactured specifically for various
regional markets. Findspots of the vessels show that this indigenous market was dominated

first by Metaponto, and later by Taranto.

Canosa

Metaponto

Many non-figurative styles of pottery were
produced in both centres at this time, and
earlier. The study of the trading-patterns and
influence of the two colonies would be
greatly aided if these productions could also
be separated, and a project was designed to
address the question using PIXE-PIGME
analysis. Kilns have recently been
discovered at Metaponto, and we were able
to analyse fragments from early Sth and
early 4th century BC kiln-dumps, as well as
a range of 6th century vessels usually
assumed, on typological and technical
grounds, to have come from Metaponto.
The chemical composition of each group is
quite different. At Taranto, no kiln-deposits
are available, but 5th/4th century BC red-
figured pottery certainly made in Taranto
was analysed, along with 6th and 7th
century BC vessels assumed to have also
been made there; the results were similar.

That the chemical composition of the ceramics of single centres can change markedly over
relatively short periods is well-known. It is useful to have the primacy of human agency
affirmed in this region, where previous studies have tended to interpret variability in ceramic
composition solely in terms of variability in natural clay resources. What is particularly
interesting in this case is that the red-figured pottery of both sites is indistinguishable
chemically, at least by PIXE-PIGME analysis.

The two centres may have shared a facility for clay extraction and processing, although this is
rather unlikely in the late 5th/4th century BC, for a range of reasons: the commercial
competition between the potters, the elevated tension between the centres documented in the
literary sources, and the abundance of clay in the immediate vicinity of the two sites. The
explanation is more likely to come from the fact that the workshops for red-figured pottery in
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both Taranto and Metaponto were not established simply by emulation of an imported product
(Athenian red-figure), but by immigrants from Athens. This can be inferred on the basis of
style: the colonial red-figured vessels are not—as one might expect from simple local
emulation—an amalgam of the various Athenian products arriving in South Italy, with various
local elements added. Rather, they conform extremely closely to the practices of a single
Athenian workshop.

The results are interpreted as follows: the Athenian immigrants brought with them traditions
concerning the extraction, processing and mixing of clays. Despite settling in different centres,
the identity of the ceramic technology used in Metaponto and Taranto not only changed the
chemical composition of the ceramic products of both centres, but made them virtually
identical. This has important implications not only for South Italy, where successive waves of
immigrant potters arrived from Greece between the 8th and 4th centuries BC, but for all cases
where trans-regional ceramic technologies are involved.
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ECONOMIC INTERDEPENDENCE AND COMPLEXITY:
FALAJ AGRICULTURE AND CERAMIC PRODUCTION IN THE

SOUTHEAST ARABIAN IRON AGE

Peter Magee
School of Archaeology

The University of Sydney

Over the last fifteen years surveys and excavations in the United Arab Emirates and
Sultanate of Oman have revealed a widespread and distinctive material culture dating to
the late second and first millenium BC. In this paper the results of PIXE-PIGME analysis
of ceramics from the Iron II period (1100-600BC) are presented. In combination with
ceramic distribution data, the analysis permits the identification of ceramic production
areas. More importantly, however, the analysis, when combined with environmental and
subsistence strategy data, provides an insight into the relationship between agricultural
intensification and ceramic production and the varying degrees of economic complexity
which existed at this time.
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Petrographic Temper Provinces of Prehistoric Pottery in Island Oceania

William R. Dickinson, Dept Geosciences, Univ Arizona, Tucson AZ 85721 USA

Petrographic study of approximately 1000 prehistoric earthenware potsherds in
thin section over the span of 30 years shows that temper provinces in island Oceania are
governed by the geographic distribution of key tectonic elements. Indigenous tempers
occur in sherds from the Ryukyus on the northwest through the Marianas, Carolines,
Bismarck Archipelago, Solomons, Vanuatu, New Caledonia, Fiji, Tonga, Samoa, and the
Marquesas. Exotic tempers indicative of pottery transfer by trade or exchange occur in
sherds from selected Carolines atolls and Solomons outliers, in Tuvalu, locally in central
Vanuatu and Tonga, and in the Cooks and Marquesas. Intrusive sherds of extraregional
origin include Spanish sherds left by survivors of the Mendana expedition on Nendo and
Makira, and Jomon sherds of Japanese provenience reported by Garanger from Efate in
central Vanuatu.

Textural evidence indicates that most sands imbedded in the clay pastes of Pacific
island sherds were added manually as artificial temper to clay bodies collected from soils
or floodplains, although nonplastic sand inclusions may have served as natural temper in
some colluvial or alluvial clays. Observed tempers are mainly beach sands, but dune and
stream sands, colluvial debris, reworked volcanic ash, broken rock (perhaps from adze
quarries), and broken sherds or grog are represented in some temper suites. The ancient
potters were resourceful in finding suitable clays on islands where modern researchers
have had difficulty locating potential sources of ceramic clays, and in finding appropriate
tempering material, regardless of the wide environmental variations known for ceramic-
bearing sites.

Reef-derived sands of calcareous detritus are nondiagnostic of locale when used as
temper, but all noncalcareous sands composed of rock fragments and associated crystals
of rock-forming minerals reflect the nature of local island bedrock. The mixing of detritus
from multiple sources within large river systems complicates temper studies in continental
settings, for similar sands were commonly accessible to ancient potters over wide regions,
but does not influence the study of island tempers except on the largest islands of complex
geology. For many islands, even of appreciable size, the local bedrock of limited variability
can be viewed as an essentially point source of derivative detritus, with all available local
sands reflective mineralogically of the same provenance despite varied textures acquired in
multiple depositional environments. One characteristic common to many island tempers
but rare in continental settings is the paucity or absence of quartz sand grains.

Even in coastal settings, where calcareous tempers are prevalent at some sites,
ancient island potters commonly preferred to use non-calcareous beach placer sands as
temper, probably because calcareous tempers tend to calcine and break down within the
upper part of the temperature range achieved during bonfire firing of earthenware. In
some cases, the use of placer tempers may also have avoided sand grains with a high
content of volcanic glass that could disintegrate from dehydration during firing. The
concentration of ferromagnesian minerals of high specific gravity in placer aggregates
provides a fortuitous advantage in provenance analysis because the heavy iron-bearing
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minerals, though present in only varietal or accessory abundances in bedrock, are often
diagnostic of specific bedrock types.

The extent and boundaries of regional and subregional temper provinces are
controlled by the irregular distribution of key Pacific geotectonic realms:

(a) intraoceanic basaltic tempers in shield clusters and chains built by hotspot
volcanism piercing the oceanic plate (Kosrae, Marquesas, Pohnpei, Samoa, Truk, Uvea)
are composed exclusively of basaltic (to trachytic) volcanic rock fragments and grains of
phenocrystic minerals (dominantly olivine, clinopyroxene, and plagioclase feldspar), with
differences in the contents of accessory minerals correlated with geologic contrasts in
the petrology of the respective archipelagoes.

(b) andesitic tempers of island arcs controlled by the subduction of ocean floor at
trenches (Futuna-Alofi, Lau, Marianas, Palau, Solomons, Tonga, Vanuatu) are composed
exclusively of volcanic rock fragments, basaltic and/or andesitic (to dacitic) with variable
groundmass textures that are locally characteristic of separate islands, and phenocrystic
minerals (plagioclase and varied assemblages of clinopyroxene-orthopyroxene-hornblende)
that correlate with variations in arc petrology, and locally include rare olivine and quartz.

(c) volcano-plutonic tempers of dissected orogens where deep erosion has exposed
the plutonic and metamorphic roots of island arcs (Ryukyus and southern Viti Levu) are
composed of combined volcanic, plutonic (granitic to dioritic), and metamorphic detritus
of complex mineralogy (quartz, both plagioclase and K-feldspar, varied volcanic and
metavolcanic-metasedimentary rock fragments); nearby or overlying post-orogenic
volcanic cover may yield sands similar to oceanic basalt tempers (northern Viti Levu,
Taveuni, Lomaiviti), but with less olivine, or andesitic arc tempers (Kadavu, Ryukyus).

(d) tectonic highland tempers present where seafloor lavas and sediments overlying
ultramafic mantle lithosphere have been uplifted by folding and thrusting associated with
subduction (New Caledonia, Yap) are composed of detritus typically rich in quartz, chert,
and/or foliated tectonite rock fragments, supplemented or replaced locally by ultramafic
(serpentinite) and basaltic debris from oceanic crust; the deformed terranes may also shed
diagnostic blueschist minerals such as glaucophane and/or be overlain by volcanic cover.

Recognition of different temper types and suites is not dependent upon quantitative
differences alone, but primarily upon qualitative generic contrasts that are evident without
statistical manipulation of temper compositions. Enough geologic information is available
now about most island groups within Oceania to allow evaluation of temper sources
without ancillary collection of modern sands. Although comparative empirical data is
always helpful, truly exotic tempers reflecting pottery transfer between geotectonic realms
or among islands of contrasting geologic history can be detected petrographically without
having specific comparative collections of sherds or sands in hand.

Where sherds from different cultural levels occur on the same islands, indigenous
tempers characteristic of a given locale are similar if not indistinguishable for sherds of all
ages. In sherds of the same age, however, multiple tempers may occur at the same site as a
spectrum of placer and non-placer or calcareous and non-calcareous sands. With respect
to key categories of constituents of different megascopic appearance, placer and non-
placer sands from the same site may differ quantitatively more than either differs from
sands reflecting comparable degrees of placering from quite different provenance, but
petrography can readily elucidate the generic similarities or differences in the two cases.



"Wheelmade Pottery" and Trans-regional Technological Constraints on
the Potter's Wheel in Ancient Southwest Asia

Robert C. Henrickson
Mediterranean Section
University of Pennsylvania Museum

of Archaeology and Anthropology
33rd and Spruce Streets
Philadelphia, PA 19104 USA

Studies of "wheel-based" pottery production have tended to be misleading due to the lack
of, first, consistent and explicit definitions of terms and, second, tested criteria for
identification of forming and finishing methods. Using an approach integrating
xeroradiography, patterning and nature of breaks, and textural differences has shown that
much "wheelmade" pottery in assemblages from Iran, Iraq, Syria, and Turkey dating
between 3500 BC and 200 BC, was actually constructed using a wide range of hand-
based forming methods combined with rotation at various speeds. Thousand-year ceramic
sequences from Bronze Age Iran and Iron Age Turkey demonstrate technological
constraints. The forming methods and combinations used are related to the overall size of
the vessel. Only relatively small vessels were thrown in one piece, using the energy of the
wheel's rotation to raise the walls. Results from INAA of pastes suggest that the same
potters used both throwing and handbuilding to produce the full range of vessel sizes, so
the potter's wheel was simply just one of several tools in the workshop. Sometimes
thrown, or even 'wheel-rotated', pottery constitutes only a very small fraction of the
assemblage. The broad dependence on the more culturally varied and distinctive
combinations of handbuilding methods may have contributed to the long-term individual
characters of ceramic traditions.

PAPER NO. 50



AU9816902

Trans-Regional Technologies and the Lapita Problem:
characterisation of volcanic glass inclusions by electron microprobe

Peter Grave1, Clive Nockolds2, Peter White3*

1. Department of Archaeology & Palaeoanthropology, University of New England, NSW
2351, Australia
2. Electron Microscope Unit, University of Sydney, NSW 2006, Australia
3. School of Archaeology, University of Sydney, NSW 2006, Australia

Introduction

Analysis of pre-modern pottery of the Pacific has long attempted to formulate measures
independent of style for constructing archaeologically meaningful groups. However, the
variable character of fabrics and the longevity of production (Lapita and post-Lapita wares
from 3000 years ago to the present) have tended to obscure differences due to changes in
production practices and resources through time and differences relating to the exchange of
ceramics between islands or regions. In this poster we outline a preliminary study that
employs an economical and robust technique to distinguish both within- and between-region
groups. This is achieved with electron microprobe analysis of small volcanic glass fragments
present in wares tempered with volcanic sands, and interpretation based on Principal
Components Analysis. The method builds on the chemical groupings for glass from
different volcanic complexes in the Pacific established through high energy ion beam
(PIXE-PIGME) analysis.

The purpose of this study is to characterise a selection of samples of pottery from the Duke
of York's peninsula using electron microprobe analysis of very small glass fragments in the
sections that ranged in size from around 0.05 mm to 1 mm.. The study involved the
identification and elemental characterisation of individual fragments of glass in a section.
Principal Component Analysis was used to identify structure latent in the dataset. The
results of the study show that clear characterisation is possible to enable the wider
application of the technique to Lapita and post Lapita ceramics produced originating in
volcanic areas of the Pacific.
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OPTICAL DATING AT THE ANU

SPOONER, N.A. QUESTIAUX. D.G.. HILL. N.G.. GRUN. R.. TANAKA. K. AND
ABEYRATNE. M.

LUMINESCENCE DATING LABORATORY. DIVISION OF ARCHAEOLOGY AND
NATURAL HISTORY. AUSTRALIAN NATIONAL UNIVERSITY. CANBERRA.

A.C.T., 0200. AUSTRALA

ABSTRACT
Optical dating is a technique of potentially great importance for

absolute age determination of Quaternary sedimentary deposits. The
technique is currently emerging from its developmental phase and
undergoing increasing acceptance and application to such materials
worldwide. Essential to this process is the testing of Optical Dating
against other methods in a range of depositional environments.
Here are presented results from a series of intercomparisons of Optical
Dating with other dating methods, variously including TL (red and
UV/blue emissions), tephrachronology, ESR (using teeth, bone, shell and
quartz) and 14C (charcoal, shell), at sites in Australia, Japan, Sri Lanka
and South Africa.

A sequence from the archaeological site of Batadomba Cave, Sri Lanka,
was dated by Optical Dating using quartz. Results were found to be in
good agreement with archaeological expectation over the approximately
30 ka age range of the sequence. Comparison was also made with 14C
(charcoal and shell), ESR (shell and bone) and TL (UV/blue emissions
from quartz), from which it was concluded that Optical Dating is
capable of providing reliable chronologies in cave sites which are not
completely sealed from sunlight.

At the Florisbad mound spring site in the republic of South Africa,
Optical Dating of quartz has been used to provide the chronological
framework in which to place a skull from a modern hominid, predicted to
be approximately 100 ka. Direct dating of tooth enamel from the hominid
using ESR accords with the Optical Dates.

A pilot study intended to assess various absolute dating methods for
applicability for investigating tectonic stability (particularly uplift and
subsidence) of the Japanese Islands intercompared ESR (using the Ti
signal from quartz), TL (using red emission from quartz) and Optical
Dating (using quartz). The materials studied were marine terrace
sediments collected from three known age sites (independent age
assessment by tephrachronology) in Hokuriku District, Central Japan.
Ages spanned the range from modern to approximately 1 50 ka. It was
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concluded that Optical Dating is suitable for application to absolute
dating of these and similar marine terrace sediments.

Finally, the Optical Dating technique itself is briefly discussed, with
particular reference to the dating of sediments using quartz, and an
outline is given of the expansion of Optical Dating into new areas of
application, such as retrospective accident dosimetry using porcelain
and brick.
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CLASSIFICATION OF THE ARCHAEOLOGICAL CERAMICS UTILISING
THE STRAY NEUTRONS FROM A MEDICAL CYCLOTRON

Bhaskar Mukherjee

ANSTO, Radiopharmaceutical Division, PMB 12, Camperdown, NSW 2050

Introduction: A batch of finely ground ceramic samples prepared from archaeological shreds
including the standard (Ohio Red Clay) were irradiated with thermal neutrons from the irradiation
facility developed at the Australian National Medical Cyclotron. The gamma spectra of the samples
were assayed with a High Purity Germanium Detector and the concentrations of 10 important trace
elements were quantitatively evaluated. This paper highlights the application of the stray neutrons
produced during the routine isotope production operation at the cyclotron in the activation analysis
of trace elements in archaeological ceramics.

Material and Methods: Four finely ground archaeological ceramic samples and the Ohio Red Clay
(standard) were weighed with a chemical balance, enclosed in small nylon vials and irradiated in the
thermal neutron irradiation facility (B. Mukherjee et al. Appl. Radiat. Isot. Vol. 46, No 12, 1333-
1335, 1995) at the 30 MeV H" ion Medical Cyclotron operated by the Radiopharmaceutical
Division of ANSTO. The samples were irradiated at an average neutron flux of 3.88xlO9

neutrons.cm'2.s'' for 40 hours in course of a weekly routine radioisotope production run at the
cyclotron. After the irradiation the gamma spectra of the samples were assayed with a 30 cm3 High
Purity Germanium Detector for 1000 seconds and the following trace elements a) Arsenic (As), b)
Cerium (Ce), c) Chromium (Cr), d) Iron (Fe), e) Lanthanum (La), f) Potassium (K), g) Sodium
(Na), h) Scandium (Sc), I) Samarium (Sm) and j) Ytterbium (Yb) were identified and the
normalised concentrations (counts s'mg"1) are shown in Table 1.

Table 1: Normalised concentrations of trace elements in the archaeological samples and the Ohio
Red Clay standard identified by thermal neutron activation at the National Medical Cyclotron.

Parent
Element

• • •
Na
K
Sc
Cr
Fe
As
La
Ce
Sm
Yb

Nuclide
Identified

•H
Na-22
K-42
Sc-46
Cr-51
Fe-59
As-76

La-140
Ce-141
Sm-153
Yb-175

Eg
fkeVJ

• •
1369.6
1525.8
889.7
319.6
1099.9
559.0
1597.4
144.8
103.3
396.3

HL
[h]

• •
15

12.4
2016
665
1071
26.3
40.2
780
46.7
100.6

Activity Concentrations [count s 'mg'] of Radionuclides
identified in the Ceramic Samples

Standard
6.92E-2
1.74E-2
8.69E-3
1.04E-3
2.13E-3
4.69E-3
1.68E-2
4.63E-3
8.64E-2
1.56E-3

Nr.l
2.99E-1
6.03E-3
6.58E-3
4.09E-3
1.58E-3
1.07E-3
6.90E-3
1.21E-3
3.72E-2
4.47E-4

Nr.2
3.89E-1
9.51E-3
8.89E-3
6.03E-3
2.07-3

3.09E-3
1.09E-3
1.92E-3
5.76E-2
1.00E-3

NrJ
7.36E-1
2.05E-2
1.06E-2
1.57E-2

none
4.42E-3
1.91E-2
5.11E-3
1.09E-1
none

Nr.4
5.30E-1
1.34E-2
6.22E-3

none
none

3.22E-3
1.40E-2

none
7.96E-2

none

Conclusion: This experimental work has demonstrated that stray neutrons produced during the
routine isotope production run at a commercial Medical Cyclotron could be utilised for activation
analysis of archaeological samples. By comparing the activity concentrations of corresponding
trace elements relative to the standard (Ohio Red Clay) four unknown archaeological ceramic
specimens were successfully classified.
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PLEISTOCENE GRINDING AND POUNDING STORIES FROM AUSTRALIA

Judith Furby
School of Archaeology, The University of Sydney, N.S.W., 2006

Richard Fullagar
Division of Anthropology, the Australian Museum, 6 College St. Sydney,
N.S.W. 2000

The nature and chronology of grinding and pounding stones is discussed in
relation to two sites on the Australian continent: Jinmium, a rock shelter in
monsoonal, tropical north-western Australia and at Cuddie Springs, an open site in
semi-arid south-eastern Australia. The Jinmium site yielded waterworn quartzite
cobbles with traces of use from processing starchy plants, perhaps tubers. These
artefacts, along with hammerstones, cores flakes and ochre, were recovered from
sediments with thermoluminescence age determinations of approximately 60,000
years. The Cuddie Springs site has flat sandstone pieces with smoothly ground
and polished surfaces and traces of starch and phyioliths. The grinding stones
have been found in association with other artefacts, ochre, charcoal and humanly
modified faunal remains with dates spanning the last 31,000 years. In the older
levels they are contemporary with extinct fauna. The antiquity of plant food
processing found in these sites demands revision of the origins of intensive grass
seed processing documented ethnographically (mostly wild millets: Panicum and
Setaria).
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Title: An Overview of Molecular Archaeology using genomic DNA
identification of species.

Discovery of the widespread preservation of prehistoric organic residues over 13
years ago opened the way toward cultural reconstructions from fine-scale data not
previously available. Simply being able to objectively and unambiguously
distinguish tool just at the highest levels (eg plant, animal) without reference to
subjective measures of "polish" or multi-cause microfracture damage represented
a major advance in method. In the intervening years 'use- residue' research has
increasingly concentrated upon discovering methods of determining the species of
origin of both animal blood/tissue and plant remains. The preservation of organic
residues is gradually becoming accepted, but methods of species identification
have fared less well. These methods have concentrated upon three areas protein-
based analysis: isoelectric focussing, microcrystallization of hemoglobin and
immunological assays with varying degrees of success. Microscopy, the
cornerstone of detection and identification of residues and residue types, has
unfortunately been neglected by most analysts. From the recent literature
immunology is the most widely practised species identification method but clearly
it is a set of highly problemmatic techniques having a variable success rate of
something in the order of 30% accuracy in identification reliable only to the Family
level (with a very few exceptions).

The Polymerase Chain Reaction Amplification method (PCR) for DNA analysis
has been adopted by a diverse group of physical anthropologists and some
paleontologists as a technique for the rapid and accurate detection and production
of millionfold identical copies of targeted genes and DNA sequences, especially in
applications investigating the evolutionary and phylogenetic relationships among
and between human groups. In addition, forensic analysts use PCR methods to
identify individuals (DNA Fingerprinting) and sometimes species of origin of crime
scene bloods. For the most part mitochondrial DNA (as opposed to nuclear
genomic DNA) has been emphasized. Six years of extensive research has
revealed a "universal" target within nuclear DNA suitable for the identification of
only vertebrate species. This methodology is presented and illustrated with a pilot
study conducted on blood residues from the Cuddie Springs (NSW) and on other
tools and from fossil bone. The benefits of PCR-based DNA analysis of residues
and fossil bone significantly extends the amount of factual pointilistic data that can
be recovered from the very distant past; data which will challenge archaeologists
to formulate new theoretical perspectives and methods in their reconstruction of
culture and culture change to accommodate this new method.
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RESIDUES, MICROWEAR AND MACROWEAR

Annelou van Gijn
Leiden University

Microscopic study of stone artefact edges provides much information about tool
functions and the use of prehistoric resources. Recently, more attempts are
being made to integrate residue and wear trace analysis. Clearly the two
approaches, each arriving at a functional interpretation of lithic implements, are
complementary and compensate to some extent the inherent 'deficiencies' of the
other. What is needed, however, is a systematic evaluation of the differential
development and preservation of both residue and micro- and macrowear traces.
In this paper an outline will be given of the possible relevant variables, with
archaeological examples from my own research and various other contexts. A
preliminary examination of these variables and an assessment of their
importance will be made.
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PLANT SPECIES IDENTIFICATION THROUGH THE EXAMINATION OF
STARCH GRAINS

Michael Therin
Australian Museum

Previous species identification of starch from the surface of stone tools has been
undertaken using very small reference collections, often less than 20 individual
species. The limited range of these reference collections has cast some doubts as
to the accurate identification of these species. In 1995 a larger, more
comprehensive collection of plants was collect from the area around Garu Village,
West New Britain, Papua New Guinea. The analysis of the starch grains from this
collection has given us a better understanding about the morphological differences
between starch grains from different species. It is now clear that the identification
of starch grains to species level is viable and worth while.

In addition to the examination of starch grains from individual species, a broader
examination of starch grains extracted from sediments has also been undertaken.
In 1993 sediment samples were collected from a wide range of ecological zones
near Garu Village.

These included, various stages of rainforest growth, new and old gardens and
from modern villages. It is thought that through analysis of the over all starch
assemblages from these soils an ecological starch signature can be obtained for
different ecological zones. These signatures will enable the identification of starch
assemblages extracted from sediments from archaeological excavations. Through
this technique we hope to get a better understanding of changes in Prehistoric
subsistence systems in West New Britain.
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Environmental Stability of Organic Material in Archaeological Sites.

John Head
Quaternary dating Research Centre

Division of Archaeology and Natural History
Research School of Pacific and Asian Studies

The Australian National University
Canberra, ACT 0200

A series of analytical techniques have been used to evaluate the degree of diagenesis and interaction
with the surrounding environment, of different types of organic material collected from archaeological
sites (wood, charcoal, twigs, leaves, humic material etc.). These processes are mostly initiated by the
generation of free radicals within oxygen - containing functional groups of the biopolymers forming
the structure of these organic materials. These free radicals become active sites for incorporation of
low molecular weight mobile organic compounds or carbon dioxide into the structure of the
biopolymer.

In many cases, the degree of exchange with the surrounding sedimentary matrix has not been enough
to affect the 14C ages of relatively young material (< 10 k years BP). Problems could occur with 14C
ages of older material.
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Rock Paintings in Fern Cave, Lava Beds National Monument,
California: Not the 1054 A.D. (Crab Nebula) Supernova

Ruth Ann Armitage, Marian Hyman and Marvin W. Rowe, Department of Chemistry, Texas A&M
University, College Station, TX 77843, USA
John Southon, Center for Accelerator Mass Spectrometry, Lawrence Livermore National
Laboratory, Livermore, CA 94551, USA
Chuck Barat, Lava Beds National Monument, Tule Lake, CA 96134, USA

On July 4, 1054 A.D. a supernova brighter than Venus appeared in the sky, remaining visible
for approximately 23 days and 650 nights. It was chronicled in five independent historic accounts,
four in China and one in Japan (/). For at least 40 years investigators have attributed certain
distinctive rock paintings and carvings in the western United States as recordings of the 1054 A.D.
supernova. More than twenty such depictions (circle or star-like symbols and a crescent) have
been located (2). Two panels of rock paintings in Lava Beds National Monument, California, one
at Fern Cave and one at Symbol Bridge, were listed as recording the 1054 A.D. supernova. The
only direct means of assessing the likelihood that a "supernova" representation records the 1054
A.D. event is to date the rock painting or carving. In our laboratory at Texas A&M University, we
developed a plasma-chemical extraction technique that permits us to analyze the 14C in rock paint-
ings, whether the pigments used were charcoal or inorganic Fe- and Mn- oxides and hydroxides
with organic binder/vehicles. This paper presents direct 14C age estimates on a rock painting
suggested to represent the 1054 A.D. supernova. We took charcoal pigment samples from three
figures in proximity at Fern Cave: a crescent pointing downward and two nearby circles, one
above and one below the crescent. The AMS 14C analysis on each sample using our technique
show that these images do not represent the 1054 A.D. supernova.

Small amounts of charcoal were scraped from the crescent and two circles individually.
Rubber gloves were worn to avoid contamination during sampling and all subsequent handling.
Each charcoal sample was placed on Al foil, wrapped, and sealed in a plastic bag. Damage
incurred to the three paintings was so small that it was difficult to determine where the sample was
removed by visual inspection before and after sampling.

Samples were treated with 1M NaOH and sonicated at 50*C to dissolve possible humic and
fulvic acids that might contaminate the charcoal. This is standard procedure for dating archaeologi-
cal charcoal. Humic and fulvic acids are brownish in NaOH. It took 8 to 10 one-hour treatments
with NaOH before the solutions appeared clear, we then did three additional extractions to ensure
complete removal of the acid components. Neutralization of the solutions with 1 M HC1 produced
no humic acid precipitate; thus the brownish color was likely due to fulvic acids. The NaOH-
treated charcoal samples were then rinsed with doubly distilled, de-ionized water, filtered and
dried; they were then ready for plasma-chemical extraction of the organic carbon for 14C analysis.

In preparation for the extraction, we use RF generated, low temperature (<175°) oxygen plas-
mas to remove organic material as CO2 from the empty reaction chamber. Ar plasmas are used on
the sample after its insertion into the chamber to remove adsorbed CO2 from the system. Finally,
O-plasmas are run on the paint sample to convert the organic carbon to CO2, leaving the substrate
rock and accretion carbonates and oxalates intact. The organic carbon is analyzed by AMS.
Experimental details are reported in our previous papers (3). Since the introduction of our
technique, we demonstrated its validity on numerous samples of known 14C content: charcoal,
Third International Radiocarbon Intercomparison wood and African Ostrich shell. Satisfactory
agreement was observed in all cases. Our analyses of 14C-free samples - Albertite, IAEA and Axel
Heiberg wood - demonstrated that we do not add significantly to the background of the AMS. The
following have also been studied and do not affect our ability to estimate the age of rock paintings
by 14C analysis: argon and oxygen sources; mass fractionation; CaCO3, MgCO3, limestone, and
CaC2O4 decompositions. Dates we obtained on rock paintings from France, Montana, Texas and
Utah are consistent with the age ranges expected from archaeological inference.
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We used Oplasmas and high vacuum techniques to remove organic carbon from charcoal paint
of each Fern Cave sample: two circles and a crescent. The CO2 produced was collected by freez-
ing in a liquid-nitrogen cooled glass-finger. 14C contents of the samples were measured at the
Lawrence Livermore National Laboratory. 14C ages and calibrated calendar dates (4) are shown in
Table 1.

Attempts to validate rock paintings as representations of the 1054 A.D. supernova are limited
by the nature of the 14C calibration curve in the critical area. The 14C age that most closely corre-
sponds to 1054 A.D. is 938 14C years before present and lies within the ± l a uncertainty band of
the calibration curve for calibrated ages from 1030 A.D. to 1160 A.D. Even if one could measure
the 14C content with perfect accuracy and infinite precision, it would not be possible to limit the
calendar age of a rock painting painted in 1054 A.D. to better than this 130 year range: there is no
way to determine which is the "true" date. Nonetheless, dating the rock paintings directly is the
only way to affirm or deny that they are consistent with their assignment as representing the 1054
A.D. supernova. A 14C content consistent with 1054 A.D. does not prove that a depiction is of the
supernova. However, 14C determinations that are not consistent with 1054 A.D. (within experi-
mental uncertainty) effectively rule out an image as recording the supernova.

For the Fern Cave samples, the lower circle, cal 1020 to 1290 A.D. (± 2a range) is distinctly
older than both the upper circle, at cal 1490 to 1955 A.D., and the crescent, at cal 1440 to 1670
A.D. 14C ages on the lower circle and crescent are not significantly different from one another and
may have been painted contemporaneously. Both features date from several centuries after the
1054 A.D. supernova. The 14C contents of the three figures of the painted panel demonstrate
conclusively that it does not represent the 1054 A.D. supernova.

REFERENCES
1. J. J. L Duyvenduk, Publications of the Astronomical Society of the Pacific 54, 91 (1942).
2. J. C. Brandt and R. A. Williamson, Archaeoastronomy 1, S1 (1979) and references therein.
3. W. llger, M. Hyman, J. Southon, M. W. Rowe, in Archaeological Chemistry: Organic,

Inorganic, and Biochemical Analysis, M. V. Orna, Ed., (American Chemical Society,
Washington, D. C, 1996), pp. 401-414 yand references therein.

4. M. Stuiver, P. J. Reimer, Radiocarbon 35, 215 (1993).

Table 1. Radiocarbon and calibrated calendar dates (4) for the three Fern Caves rock art
images: two circles and a crescent.

Sample

Lower circle

Upper circle

Crescent

Carbon

250

185

230

CAMS No.

27229

27860

27861

14C Date, years B.P.
± l a uncertainty

840 ± 70

230 ± 70

330 ± 50

Calibrated A.D. Date
± 2a uncertainty

1020 to 1290

1490 to 1955*

1440 to 1670

*1955 denotes the influence of bomb 14C.
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ANALYSIS OF LAURA PAINT AND CRUST SAMPLES: STAGE 2

Noelene Cole and Alan Watchman
James Cook University

North Queensland

Thirty two samples of rock painting pigments were collected and analysed during the

second stage of ongoing research into the styles, production techniques and chronology of

rock paintings in the Laura area, far north Queensland. The first stage has identified that

haematite, and illite (muscovite) or kaolinite are the principal mineralogical components

of red and white colorants, respectively. Brown and yellow consist of either haematite,

goethite or lepidocrocite. Quartz is ubiquitous. The second stage of additional sampling

of white paints has confirmed the presence of kaolinite clay as the principal mineral type.

Haematite occurs as the red paint component in the Hann River area in the northwestern

extremity of the region, whereas jarosite, a potassium iron sulphate, is a major constituent

in red, brown and yellow paintings at several sites around Brady and Shepherd Creek on

Jowalbinna Station. Jarosite was not recorded by us in stage one (although three samples

showed possible traces), but it was identified in the Laura region during an earlier series

of analyses.

Plant fibre binders and cellulose splinters from brushes as identified in many Stage 1

samples, have not been found during the stage two paint examinations. Dating Laura

rock paintings is therefore dependent on carbon-bearing minerals in accreted paints.

Oxalate encrusted coatings associated with paints are currently being investigated with the

view to dating selected paintings.
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THE ANALYSIS OF PIGMENTS ON ROCK SURFACES

Barry FankhauseM, Sue O'Connoii and Yvonne Pittelkow2

1 Division of Archaeology and Natural History
2 Coombs Computing Unit
Research School of Pacific and Asian Studies
The Australian National University
Canberra ACT 0200

A limestone slab of roof fall coated with a red pigment was recovered from a Rockshelter in the Napier
Ranges of the Kimberley region, Western Australia. Next to the roof fall fragment in the same
stratigraphic layer was a piece of ochre. The find dates to ca. 40,000 B.P. and adds to a growing body
of data in support of the widespread use of ochre accompanying the earliest documented use of widely
separated and environmentally diverse regions of Australia by Aboriginal people.

Three questions from the roof fall slab were presented: (1) Is the red substance an ochre, (2) is the
piece of ochre identical to the red substance on the roof fall, and (3) are the layers of pigment on the
top and bottom of the limestone slab the same? In addition, as an extension from these questions we
developed a general method for the in situ analysis of ochre pigments on substrates to determine likely
compositions
and ochre sources.

The analysis of the red pigment presented an analytical problem because the substance was intimately
associated with the rock slab and therefore the analysis had to be done in situ. Not only was the red
layer thin, but on a micro level it was uneven. Energy dispersive x-ray analysis (EDXA) penetrated the
red layer, simultaneously analysing this layer and the rock substrate to different degrees depending
upon the thickness of the red layer. Determining if the substance was actually ochre involved a
comparison of elemental analyses between the background (slab) and background with red coating.
Coatings of other ochres with known elemental concentrations on the same limestone background
gave a comparison of the effect of simultaneously analysing a thin I ayer and background with different
compositions.

In this study we demonstrate three graphical methods useful for in situ analysis:

1. The first is non-metric multidimensional scaling (MDS).
2. The second method is plotting the 'mixed' samples using the first two (canonical) discriminant axes
separating the potential ochre sources and the rock slabs.
3. The third is based on simulation of all possible mixes. In this approach all (or a representative range)
of ratios of mixes of the rock and a specific ochre source are simulated. If the sample falls within the
space spanned by these simulated ochre and rock mixes (cloud) then the specific ochre is clearly a
potential ochre source.

To estimate thickness the procedure, in general, is to estimate a mixing ratio assuming a specific
source, and from this obtain an estimate of the composition of the ochre contained in the mix. This
estimate is then used in methodologies for sourcing the ochre.

Any of the established methodologies used for sourcing compositional data could be used with due
regard to the error associated with the estimation procedure, but we use a method based on Average
Linkage: this method assigns a sample to the ochre source w ith minimum average (Euclidean)
distance between the estimated ochre in the sample mix and all the analyses of a given ochre source.
This is a more direct approach than using cluster analysis based on average groupings.
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MICROTOPOGRAPHY AND WEATHERING OF ROCK ENGRAVINGS
D. Dragovich

Department of Geography, University of Sydney, Sydney 2006
tel: 9351-2357 fax: 9351-3644 e-mail: d.dragovich@geography.usyd.edu.au

Recent research has focussed on developing techniques and procedures for establishing
absolute rather than relative ages of rock engravings. However, relative chronologies also
provide useful information for interpretation of rock pictures. The possibility of
identifying time-dependent weathering changes related to roughness (microtopography) of
within-engraving surfaces is being investigated in the Pilbara. The degree of rock surface
roughness is a function of variables including rock type (especially mineralogy and grain
size), duration of surface exposure, nature of the weathering environment, and
presence/absence of surface coatings like desert varnish or silica skins. The micro-
configurations of within-engraving surfaces have additionally been influenced by the shape
and hardness of the engraving tool used in their manufacture, and the way in which
individual engravers have employed the tool. In the study area, most boulder surfaces on
medium to coarse-grained granophyre are rough due to protruding quartz and feldspar
grains. Smoother surfaces may occur on finer-grained granophyres and especially where
rocks have parted relatively recently along joint planes or where surface coatings have
formed.

Microtopography was measured using a custom-made instrument based on the "micro-
roughness meter" described by McCarroll (1990). The meter has an adjustable tripod, a
gauge which slides along a bar, and a sharply-pointed metal probe to measure relative
heights. Surface irregularities were recorded at 0.1 mm horizontal intervals and vertical
intervals to the nearest 0.01 mm. Sections were taken across within-engraving surfaces
and adjacent rock. Engravings selected for measurement were of apparently different ages,
and were either unvarnished or contained non-varnished portions. Two cross sections
were measured for each engraving, along sections varying in length from 16 to 33 mm
depending on the width of engraved surface. Each section was measured at right angles
across the engraving, and had a total length of approximately twice the engraving width.
Engraving edge portions were noted while measuring: the two edge portions were
excluded from subsequent comparisons between roughness of within-engraving and
adjacent rock surfaces.

The difference between consecutive (vertical) readings provides a measure of surface
roughness. Mean values for consecutive readings within engravings lay within the range
of 0.08 to 0.15 mm. For rock adjacent to the same engravings, mean consecutive values
differed through the range of 0.09 to 0.17 mm. The engraving with the largest mean value
for differences in consecutive readings had been manufactured on the rock surface with the
largest mean difference. For all rock and engraving surfaces, standard deviation values
were large.

Five-point running means of consecutive values were also compared for within-engraving
and adjacent rock surfaces. Values from two cross sections for each engraving were
combined for this purpose. Because of the large standard deviation values, no significant
differences in combined values were found between within-engraving and adjacent rock
surfaces for any engraving. This included an apparently young (little weathered) engraving
of a rainbow-like set of incomplete circles; and an apparently old and shallow engraving of
an unidentified animal. When individual cross sections were examined separately, some
rock and within-engraving values were significantly different; but no pattern in these
results was evident.

An alternative measure of surface roughness is that of root-mean-square (the standard error
of the y-estimate in regression), which indicates the variability of values around a trend
line. For an apparently younger engraving with measurements made at 0.5 mm intervals,
the root-mean-square of differences in consecutive readings was 0.35 for the partly
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varnished rock surface (section "rock" below) and 0.54 within the engraving (section
"engraving" below): that is, the within-engraving surface was considerably rougher than
the adjacent rock surface.
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For an apparently older engraving with measurements made at 0.1 mm intervals, two
separate cross sections produced different results: in one, the rock was rougher than the
engraving, and in the other the reverse was the case. The combined root-mean-square
values for the two cross sections were 0.22 for the rock surfaces and 0.20 for the within-
engraving surfaces. When data for 0.5 mm intervals were extracted from these records,
sample size probably became too small to be representative of general surface roughness;
but the rock surface had a root-mean-square value of 0.35 compared with 0.30 for the
within-engraving surface. The similarities in microtopographies of within-engraving and
adjacent rock surfaces for the shallower and apparently older engraving suggest a time
period sufficient to remove marked differences in microtopography between rock and
within-engraving surfaces. In contrast, such microtopographical differences were still
evident in data for the apparently younger engraving.

It was probably fortuitous that the rock surface roughness for both engravings was the
same for the 0.5 mm interval (r.m.s. of 0.35), given the variability in the data, differences
in natural roughness of rock surfaces, and the limited number of cross sections measured.

Field observations at a larger than microtopographical scale showed that medium- to
coarse-grained rock surfaces were rough due to the relative resistance to weathering of
component minerals. Quartz and feldspar grains weathered relatively slowly and formed
topographic "highs", separated by depressions and sometimes pits several millimetres deep
which represented sites of loss of more readily weathered iron-bearing minerals. Within-
engraving surfaces on these rocks did not initially display the deep pits present on the main
rock surface. Over time, pits seemed to develop on the within-engraving surface as well,
although they were not as deep as those on adjacent surfaces. The presence/absence of
such weathering pits may provide an indicator of relative age.

The data indicate that a larger number of cross sections would be desirable for adequately
describing surface roughness. In this preliminary study, cross section data collection was
very time-consuming because measurements were made manually. A modified measuring
device which would allow for easier and more rapid data collection is necessary in order to
build a large data base to take account of the wide variability in surface roughness. A
formal set of observations at the millimetre, as well as the tenths of a millimetre scale is
also needed.

Reference
McCarroll, D. (1990) Differential weathering of feldspar and pyroxene in an arctic-alpine
environment. Earth Surf. Proc. &Landforms, 15: 641-651.
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THE RESULTS OF SPECTROGRAPHIC ANALYSIS OF PIGMENTS FROM KNOWN
ABORIGINAL QUARRIES AND OTHER OUTCROPS IN SOUTH AUSTRALIA, AND
FROM PAINTING SITES IN THE OLARY DISTRICT OF SOUTH AUSTRALIA.

by J.M. Nobbs, M.F. Nobbs and D.W. Moyle

ABSTRACT: Pigments are minerals that provide the colour to paints and the pigments most
commonly used by Aboriginal people are derived from red and yellow ochre and white
minerals eg. gypsum and kaolin. During the early 1980s, the opportunity arose to collect
pigments from many sources in South Australia. The sources included samples from known
Aboriginal quarries and other outcrops. Pinhead-size samples of paint were collected from
figures in some of the rock painting sites in the Olary District. These samples were analysed
by JMN using Emission Spectrography with the aim of determining the nature of the pigments
ie their constituent elements, and to investigate the possibility of finger-printing the sources of
the pigments used by Aboriginal people.

The ability of being able to source pigments found on the decorated surface of artefacts; pieces
of ochre found.in archaeological deposits; or painted figures in a rock painting is important for
understanding the trading and exchange network known to criss-cross Australia in the past
(Johnston 1949-1941). Clarke 1976, Mulvaney 1976, David et al 1993. Smith and
Fankhauser 1996, and Jercher eL al. 1996, all noted the importance of fingerprinting pigments.

Facilities for Emission Spectrographic analyses were readily available and the capability to
analyse (for twenty six elements) samples in milligram proportions suggested its use for the
determination of the composition of material from unlimited sources and the compilation of a
data-base detailing the results of the analyses in a form suitable for comparison. Examination of
this database could then lead to further investigations with narrower and more specific aims.

The results of the spectrographic analyses for red ochre from eighteen sources and yellow
ochres from eight sources were tabulated as:
Strongly Present > 10% Present 1-10% Strong Trace 0.1-1% Trace 0.01-0.1%
Faint Trace <0.01%
Major elements, for example iron, aluminium, and silica showed in the Strongly Present and
Present categories, while Trace and Faint Trace elements were variable. The results of the
analyses of seventeen samples of red pigment and five samples of yellow pigment from five
painting sites were tabulated as above. There is a possibility that trace elements in the samples
from the painting sites may indicate their sources.

PAPER NO. 64



AU9816909

Application of photoacoustic infrared spectroscopy and PIXE/PIGME to the analysis and
provenancing of inorganic pigments from an archaeological site.

Rosemary A. Goodall1, Bruno David2 and John P. Bartley'
1. Centre for Instrumental and Developmental Chemistry, School of Chemistry, Queensland University of Technology, GPO Box 2434,
Brisbane, Australia, 4001.
2. Department of Anthropology and Sociology, University of Queensland, St Lucia, Brisbane, 4072.

As part of a larger study into the sources of ochre used by indigenous people in south eastern
Cape York Peninsula the ochres found in excavated deposits and paint samples from the stencils
and painted panels in Fern Cave, near Chillagoe, were investigated. Previous work in the analysis
of paints has identified the need to used non-destructive techniques and the necessity of taking
samples of microgram quantities [1,2]. When selecting the techniques for use in this study these
factors were kept in mind. Fourier transform infrared photoacoustic spectroscopy (FTIR-PAS)
was selected because it can be applied to samples of only a few micrograms and because it is
completely non-destructive when necessary. To compliment and support the information
obtained from the FTIR-PAS, elemental analysis was also carried out on the same samples using
proton induced x-ray and gamma ray emission (PIXE/PIGME).

Infrared analysis of minerals has several advantages. For amorphous or heterogeneous materials
in particular infrared can allow distinction between minerals with a range of chemical or
structural compositions. FTIR-PAS has been used in recent studies to examine a large range of
solid samples including polymers [3], cotton yarns [4] and minerals [5,6,7]. The spectra reported
in these cases are comparable to literature and absorbance spectra recorded from KBr discs.

The samples used in this study are of two types, the 91 small fragments of red ochre excavated
from two 50 x 50 cm test pits of seven in the floor of the cave and 9 paint samples removed from
the stencils and paintings on the walls of the cave. The excavated samples consisted of a range
of sizes from a few millimetres across to 4 or 5 cm across. These samples were initially
examined under an optical microscope (x40) and were all found to be coated to some degree with
an off white material. The samples were broken using a knife blade to expose a fresh inner
surface for analysis. The paint samples varied in size from small grains of around 0.4 mm or less
to a small number of flakes of 3-4 mm in length. These were also examined under an optical
microscope and were found to consist of red coloured areas with an off white backing material.
On many of the pieces examined the red areas were partially covered with the off white material.
Algal contamination can be seen on the walls of the cave and evidence of thesis can be seen as
a green colouration on the samples. These samples were examined without any further treatment
and no attempt was made to remove the coating materials.

The spectra of the excavated samples were compared with those recorded for a series of minerals
standards also recorded using FTIR-PAS and with literature standards recorded using KBr discs.
Bands were assigned from these comparisons and the major minerals and minor minerals present
in each sample identified. Major mineral groups identified in the excavated samples are iron
oxides, goethite, kaolinite, and montmorillonite. Contaminants such as calcium carbonate were
also present. PIXE/PIGME analysis of the same samplesprovided the elemental concentrations
of 15 elements. This information was necessary to support the interpretation of the spectra
particularly in the case of minor minerals. In the case of iron oxide minerals the elemental
concentration of iron was critical in determining that the samples were relatively pure iron oxide
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as the infrared spectra in the region measure in not diagnostic for minerals such as hematite.

The paint samples were placed without treatment in the photoacoustic cell and the spectra
recorded. In the case of larger flakes the whole flake was used and in the case of the smaller
grains a few grains were placed in to the cell without orientation of the grains. The spectra of the
paint samples are dominated by the contaminants. The minerals identified are gypsum, calcium
carbonate and calcium oxalate. These are all minerals are due to natural processes in limestone
caves. Oxalate skin or crusts have been found on other painting surfaces in Australia [8]. Small
clay bands were identified in some of the samples. These were identifiable as kaolinite however
it is not known if they are part of the paint samples or the background materials. Samples FCP6
and FCP8 were flakes and were analysed by PIXE/PIGME elemental concentrations indicated
low concentrations of iron, 1.6% Fe.

Scanning electron microscopy with energy dispersive X-ray analysis(SEM-EDXA) was used on
the samples to confirm the interpretation. This confirmed that there was iron present in the
samples and as the diagnostic infrared bands for goethite were not present the iron oxide is in
some other form. SEM also confirmed that the samples are made up of areas of red pigment and
areas where the pigment is covered by the contaminating material.

FTIR-photoacoustic spectroscopy has been applied to the analysis of both excavated and painted
samples. This technique although not total independent of surface morphology has the advantage
of allowing the examination of solid samples with little or no sample preparation. The spectra
were obtained with minimal treatment of the sample and provide the structural information
necessary to identify the major minerals present. When used in combination with PIXE/PIGME
which also requires no sample preparation a clear interpretation of the sample mineralogy can be
obtained. PIXE/PIGME also identified the presence of iron in the samples.
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Diagenesis and geochemistry of Australian ochre deposits: A review of methods
and prospects for geochemically finger-printing major sources. The potential to
examine prehistoric trade, exchange systems, social boundaries or regional inter-
connections through characterising the major ethnographic red ochre sources has
long been recognised by Australian archaeologists. Recently several teams have
made a start in characterising major ochre deposits and in attempting to source
ochres recovered in archaeological contexts. Here we review prospects and
progress with this line of research. We present case studies of the geochemistry of
several major Australian ochre deposits - including Bookartoo, Karrku and Wilgie Mia
- looking at their diagenesis, geochemistry and variability and explore the application
of various analytical techniques, principally XRD, SEM/EDXA, ICP/MS and stable
isotope analysis. We then explore an archaeological application at the Puritjarra
shelter in central Australia where ochre sourcing has major implications for
understanding prehistoric land use. Our results show that a systematic program of
characterising ochre sources and archaeological ochres has great potential in
Australia. Major ochre sources often have distinctive chemical fingerprints,
particularly if a range of analytical techniques are used in conjunction to characterise
ochres. Ochre is frequently found in both late Pleistocene and Holocene contexts,
often in sufficient quantity to permit systematic study of temporal changes in
prehistoric systems. To fully realise the potential of this research however it will be
important to work collaboratively to build up centralised data files of compositional
analyses of Australian ochres.
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BONE COLLAGEN STABLE CARBON AND NITROGEN ISOTOPE
VARIABILITY IN MODERN SOUTH AUSTRALIAN MAMMALS:
A BASELINE FOR PALAEOECOLOGICAL INFERENCES

F. Donald Pate, Timothy J. Anson, Margaret J. Schoeninger*
and Andrew H. Noble

Department of Archaeology, Flinders University,
Adelaide, SA 5001 AUSTRALIA

Department of Anthropology, University of Wisconsin
Madison, WI 53706 U.S.A.*

Cortical bone samples were collected from a range of modern mammals at four field sites along
a 1225 km north-south transect from temperate coastal to arid interior South Australia in order
to address variability in stable carbon and nitrogen isotope composition. Collection sites were
located along the eastern border of the state and included Mount Gambier, Karte, Plumbago and
Innamincka (Figure 1). Mean annual rainfall along the transect ranges from 700-800 mm at
Mount Gambier to 150-200 mm at Innamincka. The herbivore sample consisted of western grey
kangaroos (Macropus fuliginosus). red kangaroos (M. rufus). sheep (Ovis aries). cattle (Bos
taurus) and rabbits (Oryctolagus cuniculus). and the carnivore sample included dingoes (Canis
familiaris dingo), red foxes (Vulpes vulpes). and feral cats (Felis domestica).

Bone collagen carbon and nitrogen isotope values become more positive toward the arid north
in relation to increasing quantities of C-4 plants and decreasing amounts of rainfall, respectively
(Figures 2-3). In addition, carnivores and herbivores can be differentiated by stable nitrogen
isotope values. On average, carnivore bone collagen is approximately 6 per mil more positive
than that of rabbits at Mount Gambier but only 2.6 - 3.4 per mil more positive at the three arid
collection sites (Figure 4). In general, the large eutherian herbivores have mean bone collagen
815N values that are 1.4 - 2.3 per mil more positive than those of the marsupial herbivores.
Eutherian and marsupial bone collagen 815N differences only disappear at the most arid
collection site, Innamincka (Figure 3).

The 815N data suggest that basal metabolic rate (BMR) is an important variable affecting stable
nitrogen isotope tissue composition. Marsupial grazers with lower BMRs than eutherian grazers
collected from the same rainfall zone also have lower bone collagen 8I5N values. A kinetic
model addressing variations in 14N and 15N reaction rates during protein hydrolysis provides a
mechanism to explain the observed differences in bone collagen 8I5N values. As the reaction
rate of 14N is faster than that of 15N, bonds containing 15N break less readily than those
containing 14N. Thus, nitrogen released during the early stages of digestion will contain a
greater proportion of the lighter I4N isotope.This model predicts that animals with lower
metabolic rates will also have lower 815N tissue values due to the increased probability of using
this 15N-depleted nitrogen for protein synthesis versus energy. Conversely, animals with
higher metabolic rates are more likely to use the 15N-depleted nitrogen for energy versus protein
synthesis and consequently on average their tissues will have higher 81;>N values. BMR
differences between carnivores and herbivores also provide a mechanism for trophic related
515N tissue variability. As carnivores have higher metabolic rates than herbivores, they should
also have higher bone collagen 815N values in all rainfall zones.
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Figure 1. Map of South Australia showing location of four sample collection sites:
1. Mount Gambier, 2. Karte, 3. Plumbago. 4. Innamincka
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Palaeo-poo: data from rat scats.

Stuart Pearson

The University of Newcastle Department of Geography
ggsgp@cc.newcastle.edu.au ph. 049 215087

AMS dating has allowed a detailed study of the stratigraphy of stick-nest rat (Leporillus spp.)
middens. The results of multiple dates on apparently the same layers of the middens show that
the taphonomy of the midden is complex.

Nevertheless, the information recovered from this source is an exciting addition to
understanding arid ecosystems Information about the local and regional vegetation, possible
CO2-induced changes in stomata, distribution of mammals and their predator-prey relations
has been recovered from the middens.

Palaeoecological information coming from the arid zone has been limited but this source
provides a breakthrough in providing direct and detailed ecological information. This helps
contextualise the late Holocene increase in arid zone archaeological site visibility. It
emphasises the pattern of arid zone mammal losses. It provides important corroborating
evidence to other palaeoecological records.

These are a series of rather optimistic statements. They are characteristic of the promises
stick-nest rat midden workers have published to date. It is time to reflect on what stick-nest
rat middens have actually contributed to our undertstanding. I will consider the problems we
are resolving and the ones we have not yet approached. This might suggest how stick-nest rat
middens can be used in future.

The papers which promised stick-nest rat middens might revolutionise palynology in the arid
zone started in 1983 (Green et al. 1983) and after a slow start these promises have proliferated
in the 1990s (Head 1992 & 1993, Pearson & Dodson 1993 & 1995, Pearson 1994, 1995 &
1996, McCarthy 1994, McCarthy et al. in press, Head et al., in press). We still have not
matched the achievements of the North Americans who have used packrat middens for similar
research (Betancourt et al. 1990).

This tardiness in producing results from the middens is related to the ecological variability of
the environments being recorded, the nature of pollen analysis itself and taphonomic questions.
We do know the deposits are datable using radiocarbon, that pollen and macrofossils are well-
preserved in the deposit but that there are some serious problems in providing ecological
information from stick-nest rat middens.
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CORRELATION BETWEEN CHEMICAL COMPOSITION OF DENTAL
CALCULUS AND BONE SAMPLES IN ANCIENT HUMAN BURIALS:

PERSPECTIVES IN PALEONUTRITIONAL STUDIES

Luigi Capasso*
Luca Bondioli**

Gabriella di Tota*

*Dept of Anthropology, National Archaeological Museum, Chieti (Italy)*
Dept of Anthropology, "L. Pigorini", Prehistory and Ethnology Museum, Rome (Italy)**

The authors describe the results of an assay based on the comparison between chemical
composition of dental calculus and bone respectively obtained from teeth and bones of
ancient skeletons. The chemical analysis has been performed by synchrotron light. The
concentrations of the following oligoelements having paleonutritional correlations were
analysed: Fe, Cu, Zn, Pb, Sr and Ca. The authors demonstrate that in a given
individual the concentration of such elements in the bone sample were in the range of
those obtained for the same elements in the sample of dental calculus. Such
correspondence suggests that the chemical analysis of dental calculus may give
paleonutritional indications analogous to those deriving from the analysis of bone samples.
The authors underline also that the use of dental calculus has a distinct advantage over the
use of bone samples, since it may allow a diachronic investigation. In fact, dental
calculus typically presents a concentric pattern of growth, and the chemical composition
of each layer may vary in accordance with temporal dietary variations. This is not the
case for bone. This fact is the theoretical basis for the possible future development of
techniques directed to the reconstruction of variations in the dietary habits of ancient
individuals, possibly in relation to environmental seasonal changes.
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Chemical and Physical Characteristics of Fossil Bone

John Head
Quaternary Dating Research Centre

Division of Archaeology and Natural History
Research School of Pacific and Asian Studies

The Australian National University
Canberra, ACT 0200

Small cubes of cow femur (obtained from the local butcher shop) were cut, and the surfaces were
cleaned, mainly by scrubbing in water. These cubes were buried strategically at three depths, 10, 20,
and 30 cm below the surface, in four sites around Lake Mungo, western NSW. Cubes from each
depth at each site were collected 6 months, 12 months, and 2 years after burial. The chemical and
physical properties of the organic and inorganic components of these cubes have been examined and
compared to the same properties of the "fresh" cow bone.

The same properties of selected fossil bone samples from localities representing widely varying
environmental conditions, and having widely varying ages, were examined so that a comparison could
be made with the cow bone samples.

This study shows that diagenesis of fossil bone material is certainly well advanced within 6 months of
burial, and that diagenetic mechanisms affect the preservation of the original bone components both
favourably and adversely.
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Stable carbon isotope variability of bone collagen and hair within a
modern population of red kangaroos {Macropus rufus) in south
western Queensland: some implications for palaeoecological research

G.Bradd Witt

The Department of Management Studies, The University of Queensland, Gatton
College, Queensland 4345

Abstract
Before any palaeo-reconstruction work can be attempted using stable isotope analysis
of macropod remains it will be necessary to determine the nature of natural variability
within contemporary populations. This research indicates that 813C of bone collagen is
strongly related to age. Furthermore, bone collagen 813C is not at equilibrium with
dietary 513C, as indicated by analysis of hair, until animals are several years old. These
preliminary data suggest that in younger macropods most carbon in bone collagen has
been derived via the mother's milk which may have undergone fractionation. These
findings have significant implications for any palaeoecological research using bone or
tooth. Teeth of macropods erupt from the rear of the jaw and move forward in molar
progression. Since the rate of eruption is variable, and many of the forward molars are
well formed while the joey is still at the pouch, teeth formed early in the life of a
macropod may be isotopically distinct from those that develop later. This hypothesis is
currently under investigation.
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The use Pb- & Sr- Isotopes for the study of Pacific Islander Population
Dynamics

P.Budd, B.L. Gulson, J. Montgomery, P. Rainbird, R.G. Thomas & S. Young

ABSTRACT

Lead isotope measurements of dental enamel are regularly used as a means of
determining information as to the source of the lead burden in modern human
populations (Gulson & Wilson 1994). Lead ions have a considerable propensity to
replace calcium ions in skeletal hard tissue; principally composed of hydroxy-apatite.
The lead isotopic composition of teeth in adult humans has been shown to relate
directly to the subject's exposure to the element at the time of eruption of their adult
teeth. In children, the analogous lead burden relates to the lead exposure of the mother
during pregnancy and in the neo-natal period. This fact raised the exciting possibility
that isotopic measurements of hard tissue could be used as a means of determining
whether and individual is a migrant to a particular region. Despite a number of
complications (see below), this paper presents the results of our ongoing, and thus far
wholly successful, study which uses measurements of Sr and Pb isotopes within dental
enamel to determine the origin of Pacific Islander populations.

For the majority of modern populations the lead burden (and thus the lead
isotope composition of their dental enamel) is derived almost entirely from the tetra-
ethyl lead used in the petrol in their country of origin (Gulson et. al 1994). In the
absence of any anthropogenic lead source, archaeological populations derive their
entire lead burden from biogenic sources such as food and water supplies. However,
this simple picture is complicated in archaeological populations which possessed
metallurgy. Any individual involved in extractive metallurgical (or living downwind)
would have been exposed to air-borne particulate lead derived from metallurgical
operations. These lead sources would be extremely difficult to isolate isotopically and
it is therefore impossible to trace the anthropogenic or biogenically derived
components of any archaeological individual. Furthermore, on continental land-masses
the number of individual lead sources might be extremely large and intractable.
Fortunately for Islander populations none of these complications applies. The
formation of Pacific Islands might be a comparatively 'new' event in isotopic terms,
however, it involved the re-mobilisation of considerable amounts of 'old' lead derived
from the ocean floor. The possibilities of using lead-isotope analysis for provenance
analysis to discrimiate between Pacific Island sources of basalt have been demonstrated
elsewhere (Weisler & Woodhead 1995). The limitation of size and the absence of
anthropogenically-derived lead mean the Pacific Islands populations are ideal subjects
for our study of human provenance.

Although some previous attempts have been made to use the lead composition
of skeletal hard tissue to assess the provenance of archaeological human remains, these
have failed to overcome some problems which can fundamentally affect the lead
content in this material. The lead content of most human hard skeletal tissue turns over
in the subjects lifetime (Gulson & Wilson 1994). This means that the Pb-isotopic
signature of material such as bones, becomes a reflection of the overall lead-burden of
the individual. It is, therefore, impossible to isolate the individual lead components
accumulated in a lifetime through post-mortem examination of such skeletal tissue. A
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further complication derives from fact that the inorganic component of most hard
tissue has a highly variable degree of crystalinity and undergoes rapid post-mortem
recrystalisation (Simpson 1972). Diagenetic structural rearrangement will inevitably
cause contamination of the hard tissue with lead derived from the buried environment.
This makes comparison of lead levels between any two individual skeletons extremely
difficult. Fortunately, it has been shown that dj#Uo its high crystalinity and density,
dental enamel does not undergo post-mortem recrystalisation. It is also unaffected by
changes in the lead burden of an individual in later life. The lead-isotope composition
of dental enamel remains locked at the composition of the lead burden at the time of
dental eruption making it ideal for our purposes.
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Million year records of biomass burning from Australia and Africa

Michael Bird and Joe Cali
Research School of Earth Sciences
Australian National University
Canberra, A.C.T. 0200
Australia
email: michael.bird@anu.edu.au

A chemical technique has been developed which can isolate elemental carbon
(charcoal, soot etc) derived from biomass burning in any sediment containing any
quantity of elemental carbon. Sediment samples (generally containing 0.01 to 0.001%
elemental carbon) are decarbonated using IN HC1, and silicate minerals are destroyed
by HF/HC1. The demineralized residue, containing organic carbon and elemental
carbon is then subjected to an acid oxidation using a K2Cr2O7/H2SO4 solution. This
procedure destroys 95% of the organic carbon with only minor loss of dense charcoal
particles. The small fraction of remaining acid-resistant organic carbon is then rapidly
destroyed using an additional alkaline oxidation step with a KOH/H2O2 reagent This
leaves a residue composed entirely of elemental carbon. The amount of elemental
carbon is determined by combustion of the sample, cryogenic purification of the
resultant CO2 and manometric measurement of CO2 yield. The carbon-isotope
composition of the CO2 is then determined by mass spectrometry, in order to provide
information on the type of vegetation being burnt

Tests have been carried out on standard charcoals, which have suggested that
the rate at which elemental carbon is oxidized is strongly dependent on surface area.
Leaf charcoal and activated charcoal oxidize comparatively rapidly while dense charcoal
derived from wood and grass stalks oxidize much more slowly. Mass spectrometric
measurement of the carbon-isotope composition of the pre-cursor plant material, the
raw charcoal samples derived from them, and the charcoal samples after progressive
oxidation, has demonstrated that there is little or no isotope fractionation during either
charcoal formation from plant material or from the oxidative preparation techniques.

The technique has been applied to sediments from ODP core 668B from the
Sierra Leone Rise, 'downwind' of the African Sahel. The abundances of carbonate,
opaline silica, aeolian dust and organic carbon have also been determined at 20cm
intervals down the core, as well as the carbon isotope composition (513C) of both the
elemental and bulk organic carbon in the core. A chronology for the core is provided by
an oxygen-isotope (818O) stratigraphy for G. ruber and reference to several identified
biostratigraphic and geomagnetic datums in the core.

EC/dust ratios are uniformly low before 400,000 years BP. At the beginning of
oxygen-isotope stage 10 there is a small peak in EC/dust ratio followed by major peaks
in stages 8, 6, 3 and 1. The peaks do not occur at glacial maxima, and with the
exception of the most recent peak, do not occur in interglacial periods. The most recent
peak is unusual in that it is the only time in the last million years when there has been
extensive biomass burning in an interglacial period, possibly attributable to the
extensive use of fire by Humans in the recent past and present All the earlier peaks in
elemental carbon abundance occur at times when global climate was changing from
interglacial to glacial, and therefore regional climate and vegetation patterns may have
been destabilized and more susceptible to burning. The carbon-isotope composition of
the elemental carbon suggests that the bulk of the carbon burnt during the large scale
events was derived from a C4 source, while a mixed C3/C4 source provided the carbon
at other times.

The concurrence of large biomass burning events with transition periods in
global climate, suggests that large-scale biomass burning may be one mechanism
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whereby terrestrial organic carbon accumulated during interglacial periods is transferred
to other reservoirs at the onset of the following glacial period.

The oxidation techniques developed for the isolation of elemental carbon may
find an additional use in the pre-treatment of samples for 14C AMS analyses. As the
technique destroys organic carbon contamination, it should be ideal for the cleaning of
charcoal samples of organic contamination, and also for the concentration of fine
charcoal from samples where hand-picking of particles is not feasible. Analyses are
underway to test this proposition using fine-grained charcoal from Allen's Cave, a rock
shelter on the Nullabor Plain, for which there already exists good optical and 14C
chronologies.
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Figure 1.
Elemental carbon abundance (% of dry wt), elemental carbon to aeolian dust ratio, and
the 813C value of elemental carbon in ODP 668B, Sierra Leone Rise. The entire record
is approximately one million years long, with isotope stages defined on the basis of the
oxygen-isotope composition of G. ruber.
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Determination of Prehistoric Mammal Acquisition Patterns Using GIS
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Previous research undertaken in Australia's Central Queensland Highlands implies mammal
exploitation occurred from visited sites as a secondary activity. Beaton (1977; 1982; 1991a;
1991b) suggests the large amount of Macrozamia husks from his excavations indicate
intensive Macrozamia processing. His broader conclusions on Macrozamia processing link
use to increases in ceremonial activities and large gatherings (Beaton 1977; 1982; 1991b: 82).
Morwood's ( 1984) synopsis of archaeological research conclusions for the Central
Queensland Highlands supports varied activities undertaken at prehistoric sites. Examined in
this research is whether prehistoric mammal exploitation was influenced by constraints
imposed from Macrozamia processing and/or ceremonial activity participation.

Geographic Information Systems (GIS) enable spatial relationships of landscape resources
used by both prehistoric Aboriginal people and mammals to be compared. Using defined land
system definitions from C.S.I.R.O. studies (Galloway et al. 1974; Story et al. 1967), the
presence of resource types within the study landscape was defined within a GIS program
(Spatial Analysis System [SPANs], INTERA TYDAC, Inc., 1992). Resource types include
the availability of food, nesting, shelter, and related resources. Land systems are rated on the
presence of resource types available to a species from A (all of a species' known resources are
available) to D (there is a possibility species' resources are available). These ratings represent
a suite of exploited resources for each species. Species assessed were identified from previous
archaeological research and Tugby's 1962 Cathedral Cave excavation.

GIS analysis suggests three strategies could define land systems potentially visited by
prehistoric Aboriginal people to exploit mammal species. Strategy 1, Utilising Specific Land
Systems, suggests prehistoric Aboriginal people acquired mammals within available land
systems irregardless of the mammal species present. Strategy 2, Utilising Specific Species,
suggests prehistoric Aboriginal people acquired mammals with regard to their preferences for
specific mammal species. Strategy 3, Time/Distance Constraints, suggests prehistoric
Aboriginal people acquired mammals under constraints on the time they had available when
not participating in other activities and the distance they could travel in that time from a
specific site such as Cathedral Cave. Assessment of these strategies in light of the Cathedral
Cave archaeological fauna assemblage illustrates utilisation of specific land systems (Strategy
1) and specific species (Strategy 2) was not a primary motivator of mammal acquisition.
Instead, assessment indicates species availability within a land system (species' resource
presence rating) and time/distance constraints (Strategy 3) affect archaeological mammal
assemblage composition.

Four foraging theory models (Prey (MacArthur and Pianka 1966), Patch [id. Bid.], Foraging
Strategies (Horn 1968), and Marginal Value Theorem (Charnov 1976)) are employed to
assess mammal acquisition strategies further. Assessment examines differential mammal
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Determination of Prehistoric Mammal Acquisition Patterns Using GIS

distributions using foraging theory's fundamental premise: spatial distribution of resources.
Foraging theory model assessment centres on two components of mammal acquisition:
availability and accessibility.

Availability of mammals within the landscape is commensurate with the availability of the
mammal's own foraged resources. Resources include shelter and nesting materials besides
food (Caughley et al. 1987; Croft 1991; Jarman and Taylor 1983; Johnson 1989; Newsome
1975; Russell 1984). Animal research has shown that many Australian animals have some
specific components they look for in their habitat. Species may cover a wide territory (i.e.
Brush-tailed Rock Wallaby) but there are attributes within their habitat that influence their
successfulness in one sub-area of their range versus another (i.e. Brush-tailed Rock Wallaby
prefers steep, rocky ground with crevices to hide and rest in [Russell 1984]). The result is
often seen as a decrease in animal numbers in less successful locations.

Accessibility of mammals influences their acquisition. The presence of a mammal within a
landscape does not guarantee acquisition of that animal. In the Central Queensland Highlands,
the extreme topography of the region characterises people's access to animals by forcing
people to find ways to reach areas where the animals are potentially available (e.g., plateaus
and plains) in an efficient manner. If this is not possible, then a less efficient alternative or
another species is pursued.

GIS results assessed against the Cathedral Cave mammal assemblage illustrates that
components of all four foraging theory models represent prehistoric Aboriginal people's
acquisition of marsupials in the Central Queensland Highlands. Assessment of the four models
proposes species' potential availability within a land system, based on the suite of resources
the land system provides to a species, was considered by prehistoric Aboriginal people as well
as accessibility to a land system. The identification of twenty-four (24) species within the
Cathedral Cave fauna assemblage implied that to save search time, any species encountered
was acquired. However, the number of individuals of a species identified displayed a
disproportionate number of individuals for Brush-tailed Rock Wallaby (Petrogale penicillata)
indicating a focus on a single species. Further assessment within GIS proposes that land
systems surrounding Cathedral Cave differentially provide resources that attract the identified
species producing a range of the encounter rates for prehistoric Aboriginal people.
Accessibility's role, especially with respect to time/distance from the site, further affects
encounter rates for mammals.
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LAND SNAILS IN PACIFIC ARCHAEOLOGY

Jacqueline Craig

This paper discusses a pilot study designed to test the feasibility of using land snail analysis
to investigate palaeoenvironmental issues in Pacific archaeology; and to develop a
methodology that would facilitate the use of entire land snail samples, rather than a very
few snail species as is the current practice, in answering environmental questions.

The research was based in the Cook Islands on the islands of Rarotonga, a high island, and
Mitiaro, a makatea island (a raised coral island), and addressed two issues. The first of
these was whether the land snail populations from different micro-environmental areas
showed statistically significant differences. The results indicated that such differences do
exist and can be detected on a broad scale both between samples, and between high islands
and makatea islands. Finer definitions may be possible if further work if a better
understanding of the relationships of the various snail species to their environments can be
obtained.

Secondly, it addressed the question of whether it is possible to retrieve
palaeoenvironmental information from archaeological samples. Land snails from two
archaeological sites in the Cook Islands were used in this study to provide comparisons
with the modern sample from a makatea island. The first site was Paraoa on Mitiaro; the
second site was Anai'o, located on the nearby makatea island of Mauke. The results
showed that despite differential shell destruction, land snail samples from archaeological
samples show general affiliations with modern environments.

The major findings of this research showed that land snail analysis has the potential to be
an extremely useful technique for the archaeologist in the Pacific if the entire sample from a
micro-environment is used, and the appropriate statistics are applied. However, despite the
encouraging results of the pilot study, it is obvious that much more detailed work on the
land snails themselves, and their habitats, remains to be done in order to increase the detail
of the information on the palaeoenvironment than is presently possible from land snail
analysis in the Cook Islands and the Pacific.
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Successful Integration of GIS into Cultural Resource Management
or

How Archaeological Sites Co-exist with Fast-paced, Intense Army Training Activities

Cheryl L. Huckerby and Christine Poulsen
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A Geographic Information System (GIS) component is a keystone to successful integration of
cultural resource management with training plans at a fast paced Army training facility in the
U.S.A. GIS converts diverse data into easy-to-read and -access maps. As a federal facility,
cultural resource management is a requisite of the National Historic Preservation Act (NHPA),
the Archaeological Resource Protection Act (ARPA), and the Native American Graves
Protection and Repatriation Act (NAGPRA). A detailed and dynamic database linked with
GIS capabilities facilitates cultural resource monitoring and condition assessment under these
laws and accompanying regulations.

An easy-to-use graphical user interface developed within ARCVIEW (ESRI, Inc.) facilitates
on-line access to the installation cultural resource database of which GIS is one analysis and
output component. The standard ARCVIEW interface has been modified using Avenue
programming script. Pull-down menus using non-jargon descriptive text replace normal icons.
Easy-to-use translates into a point and click philosophy where available information choices
are intuitive to the user: i.e., Standard Query Language (SQL) queries are presented behind
button options and multiple commonly used names are linked to unique spatial boundaries. In
addition to GIS spatial data, this interface accesses data in a variety of formats such as low-
and high-altitude photography, archived documents, and 35mm and large format photographs
plus standard site form information. Data is stored and manipulated within an INFORMIX ®
relational database structure. The main system is run on a SUN Microsystems UNIX
workstation platform. PC access extends usage through additional ARCVIEW licenses linked
through a network. Data access is controlled through monitored access privileges within the
programs and the computer network. Input of cultural resource data is supervised by the
cultural resource manager. All other data users will have read-only access to designated files
based on access requests submitted to the cultural resource manager. For example, trainers
only access non-descriptive buffered areas that are designated as environmentally sensitive to
training activities. The system was designed with multi-level and multi-purpose GIS end-users
in mind such as training officers and cultural resource managers. Both groups are decision
makers that require immediate access to spatially distributed information yet they have
purposes which appear to contradict.

Cultural resource locations spatially link to other geographically represented information: i.e.
topography, wetlands, elevations, and vegetation diversity. Additional environmental
concerns such as threatened and endangered species, wildlife distributions, timber harvesting,
and water quality, use and enhance these other information sources. Spatial qualities of these
diverse data types facilitate their analysis within ARC/INFO (ESRI, Inc.) to produce
integrated maps. Identification of individual environmentally sensitive areas is restricted to
non-descriptive dots or boundary outlines. The environmental issue addressed by the
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restriction must be looked up in the database by the database manager. Field trainers use these
sensitivity maps to identify landscape strengths and weaknesses relative to the training
objectives and equipment capabilities while meeting environmental compliance requirements.

Cultural resources in the installation training areas, as based on the land's use history, include
historic and prehistoric archaeological sites in addition to traditional cultural places. The
installation was established in 1917 when the county purchased approximately 69,000 acres
from homesteaders and allotment holders as an inducement for the Army to establish a
permanent facility in the Northwest. Another 18,000 acres was added to the installation
boundaries during World War n. The Nisqually Indian Reservation currently borders Fort
Lewis along a portion of the southern boundary. Fort Lewis' training areas cover 75,573
acres. Evergreen forests are interspersed with grassland prairies. The Nisqually River bisects
the installation. Additional smaller water sources run through or dot the installation (Figure
1).

Integration of cultural resource information into GIS allows spatially based information from
other sources to be used more efficiently in cultural resource management decisions. Inclusion
of cultural resource issues in GIS based Army planning and training products enables training
officers to settle compliance issues early in the planning process before they can affect finalised
training plans.

Figure 1: Example of a simplified map produced for Trainers. Coloured areas identify
vegetation groups within training areas. Filled circles identify buffered sensitive
areas.



POSTER PRESENTATION FOR SIXTH AUSTRALASIAN
ARCHAEOMETRY CONFERENCE, SYDNEY, FEBRUARY 1997

Bader, H.D., Fredericksen, C , Jackson, M. and Reeler, C.
Centre for Archaeological Research, University of Auckland, New Zealand.
Contact Phone/Fax: +64 9 419 1997
Contact Address: PO Box 91206 AMSC, Auckland, New Zealand
E-mail: arcis@antnovl.auckland.ac.nz

Poster title:
Computer-aided data capture and spatial analysis in archaeology:
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Abstract:
Global Positioning Systems (GPS) in conjunction with Geographic Information
Systems (GIS) provide a powerful analytical tool for archaeologists. Field data are
captured in digital form, providing the user with not only accurate site location but also
details of site boundaries, intra-site features and artefact distribution.

Archaeological surveyors in Australia and New Zealand often still rely upon small scale
topographic maps and compass bearings to fix the location of sites. Owing to the
inherent inaccuracies of this technique, it is adequate only if a coarse-grained picture of
the archaeological landscape is needed. Inaccurate or semi-accurate 'fuzzy' data are of
limited use for research and heritage management. Digital systems provide a high
degree of accuracy in recording site location, feature boundaries and artefact
distribution patterns. 'Clean' data are vital to undertaking any form of spatial analysis.
The use of a single system platform allows spatial data to be examined at either macro
or micro resolution. This form of data management is useful in both pure research and
heritage management applications.

This poster is divided into three sections:
• An overview and explanation of the differential GPS and GIS facilities available at

the Centre for Archaeological Research, University of Auckland.
• Spatial analysis at macro and micro resolution: an application to a simulated

landscape.
• An outline of the future prospects for the use of GPS and GIS techniques in the

Pacific region.
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Dust records in the Pleistocene sediments of Fraser Island: palaeoclimatic
reconstruction of wind erosion over the last 600ka.

LONGMORE, Maureen E., Department of Geography, University of Adelaide, SA
5005.

McTAINSH, Grant R , Faculty of Environmental Sciences, Griffith University,
Nathan, Qld. 4111

ABSTRACT

Pleistocene lake sediments from a relic perched freshwater lake on Fraser Island have
been found to date back to ca.600ka using U/Th analysis of the organics. This
sequence is one of the three longest terrestrial records of environmental change in
Australia and the contained evidence of vegetation, fire and lake level changes
(Longmore and Heijnis, 1996) and is an invaluable contribution to palaeoclimatic
reconstruction. A younger sequence, dated by conventional radiocarbon analysis, has
6.5m of continuous organic sedimentation from ca.30ka. to the present. The last 8.5ka
has been analysed in detail, showing a mid-Holocene 'dry' period (Longmore, 1996).

Continental aeolian dust from extreme wind erosional events has been measured in
modern atmospheres (McTainsh, 1989; Knight et al., 1995) and deep sea cores
(Hesse, 1994), but the terrestrial record of wind erosion during the Pleistocene is
sparse. We will report on a pilot project to determine the presence of aeolian dust
from extreme wind erosional events in the past in the sediments of Fraser Island
lakes. Due to the highly weathered, well-sorted, siliceous nature of the dune sands
forming the Island and the highly organic nature of the lake sediments (80-95% LOI),
these are some of the few terrestrial sequences that permit separation of aeolian dust
from local catchment materials. In the future, oxygen isotope and XRD analysis of the
extracted dust will allow the most likely source of the entrained material to be
determined and thus provide further evidence as to the wind regime during the last
600ka and 30ka respectively. The separation of dust from these terrestrial sequences
is a major achievement and potentially may make a significant contribution to global
palaeoclimatic models.
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ABSTRACT

Phytoliths were extracted from six sediments using three different extraction processes: (i)

a standard heavy liquid flotation technique using hydrogen peroxide for oxidation and

heavy liquid to separate phytoliths from other minerals (HLF); (ii) Powers technique using

deflocculation to remove clays, burning to remove organic matter and a physical sorting

process for separating phytoliths (POW); and (iii) an experimental approach using sodium

hydroxide for removal of humic colloids and heavy liquid flotation for simultaneous

separation of phytoliths, pollen and spores (HLFpol). Sediments included examples of

peats, sands and clays Four replicates were run for each sediment/method combination

Samples were mounted on slides in benzyl benzoate (HLF, POW) and silicon oil

(HLFpol) and examined under 400x magnification. General compositional characteristics

(biogenic silica, other silica, clay, aggregate and clarity) were recorded for each sample

Charcoal and biogenic silica were classified into 3 size classes for each type category and

where possible, counts were uniform for each sediment. Counting times were also

recorded Results were analysed using descriptive principal component analysis and two-

way (sediment x method) analysis of variance. Simpsons index was used to calculate

diversity of phytolith types

The results show that the HLF method was the most efficient across all the sediment

types HLFpol was comparable with HLF except for the peaty deposit and POW was the
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most efficient method for the sandy sediment. Samples treated using Powers method

showed significant increases in aggregates and reduction in clarity as clay levels increased,

resulting in significantly greater counting times for clay sediments It was concluded that,

while Powers method is most cost effective and is comparable with the other two methods

for some sediment types, the HLF and HLFpol methods can be used with greater success

across a wider range of sediments. The HLFpol method could prove to be the most useful

method by allowing palynologists to extract phytoliths and at the same time assess levels

of pollen in sediments within a single extraction process Further experimentation is

necessary to investigate whether this method could be improved by the addition of

acetolysis and/or oxidation procedures, especially for sediments with high organic content
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FIRST MILLENNIUM BC IRON OBJECTS FROM THE NORTHEASTERN

ANATOLIAN HIGHLANDS

Matasha McConchie

University of Melbourne

Northeastern Turkey is dominated by a complex landscape formed by the convergence of several
mountain series: the Pontic alps, the anti-Taurus and the western reach of the Zagros. A harsh
and inhospitable territory with brief, cool summers and bleak winters, the climate of the
Anatolian highlands has seemed inimical to human habitation at least since the time of
Xenophon's marches. In antiquity, pockets of the highlands may well have been insular. Little
doubt exists that this region, known as Armenia from Classical antiquity, was periodically
isolated from the cultures of Mesopotamia and the Mediterranean. It was here that the Urartians
built their fragmented kingdom atop large, rocky outcrops and among sheer cliffs. Urartu
remained the nagging thorn in the Assyrian side for some centuries. Mounting a successful
campaign against a weed-crop of citadels, the mountains and bad weather is not easy.

From this environment, the University of Melbourne selected a number of iron objects
for analytical and archaeological investigation. In the past, the general region had a reputation
for iron-making among ancient writers (for example, Ammianus Marcellinus XXII, 8, 21) - a
reputation that has been sadly ignored by archaeometallurgical research. Perhaps because of the
lack of city-sized settlements in this region, it was passively regarded that highland iron-making,
if it existed at all, would be unlikely to merit academic enquiry. The assumption, tacit or
declared, has nearly always been that iron-making requires a stratified society that directly or
indirectly provides a large labour force of miners, fuel gatherers, furnace builders, expert
craftsmen and military and agricultural consumers. This iron-producing society has been
perceived as a large, complex community covering a wide geographic area and utilizing
substantial mineral and fuel resources. However, increasingly, it seems possible that small
settlements in often less-than-optimal surroundings produced iron. Iron objects dating to the
first millennium BC from frankly humble settlements in Northeastern Turkey have revealed
that, on occasion, small societies could produce, if not innovative iron, then certainly interesting
iron!

Only a few iron objects from sites in the Anatolian highlands were included in analytical
investigations -less than 12% of the current samples were in a suitable condition for standard
metallographic and chemical procedures. Nevertheless, preliminary results revealed two
decidedly clear trends which occurred throughout the approximately 800 year time-span
represented by the samples: (1) most of the objects were products of direct-reduced iron; (2) the
appearance of carbon in the direct-reduced iron from this region was not due to secondary
carburisation.

Disregarding two of the more unusual iron objects, it was found that, in general, the
samples from the first half of the first millennium BC concurred with a group of principally low-
to medium carbon iron, comparatively low in inclusions, with occurrences of higher carbon
areas. None of these objects had been deliberately thermally treated. Most of the samples from
the second half of the millennium BC were of what could be described as generally medium
carbon content, again with fluctuating areas of carbon and a low level of inclusions. Once again
thermal treatment is a technique which is lacking. Except for the aforementioned two samples,
technologically speaking, there was not a great deal of difference between the earlier samples
and the later samples. What could be superficially discerned is that the samples from the second
half of the millennium tended to have a slightly higher overall carbon content than those from
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the first half of the first millennium BC. However, there is no evidence to suggest that the smith
knowingly carburised the iron object in the fabricated or semi-fabricated stage. It seems most
likely that over time, some change in furnace control or specifications was responsible for the
quantity of carbon in the iron bloom.

The overall homogeneity of technology in this region during the first millennium BC is
undermined by the presence of two knife fragments.

The first was recovered from the site of Biiyuk Tepe Hoyiik. Dated loosely to the last
quarter of the first millennium BC, the fragment is of a single-edged knife blade, 2mm thick for
the majority of its 25mm width, then tapering to a fine edge. The blade had been formed by
forge welding three pieces of steel; the welds seem to extend along the 45mm of available
length. Two of the pieces of steel were low in carbon (about 0.15%) and constituted the blade's
backing: differences in segregation patterns; differences in the volume fraction of pearlite and
differences in ferrite grain size after normalizing heat treatment suggested that the backing was
formed from two distinct portions of low-carbon steel. The third piece, a high-carbon steel,
comprised the working edge of the blade. After a normalizing heat treatment, it was noted that
the matrix of the edge had a carbon content of about 0.8%. However, segregate bands were
present in which the carbon content had exceeded 1.1%. Thermal treatment to obtain a high
hardness in the edge region had not been carried out.

The second blade fragment was 40mm long, 10mm wide, 3mm at its thickest edge and
tapering to an edge. It was also excavated at Biiyuk Tepe Hoytik. Like the first blade, this too
is dated to the last quarter of the first millennium BC. The blade had been forged from a steel
with an estimated carbon content in excess of 1.3%. Furthermore, the carbon content was
uniform throughout the longitudinal and transectional sections examined. A comparatively large
number of non-metallic inclusions were noted. Most were of calcium silicate and not the
notably duplex inclusions previously encountered in iron of the study. Occasional cavities were
associated with the inclusions, one of which was observed to contain a carbonaceous substance,
presumably charcoal. The object did not seem consistent with an immediate product of direct
reduction. It was also discovered that, after austenitization, the blade had been cooled fast
enough to allow the transformation of martensite in thin sections along the edge. Hardness in
the fully quench-hardened zone varied between 800-840 HV.

It may be the case that these two blades represent the increasing complexity of iron tool
technology in this region. Metallurgical debris at Buyuk Tepe Hoyiik is confined to clumps of
ubiquitous slag and small pieces of faintly magnetic cinder. Such scattered fragments have
emerged from general late first millennium BC debris and not in conspicuous work areas.
However, there is a good possibility that iron smelting was conducted somewhere in the
neighbouring districts of Biiyuk Tepe Hoyuk, given the local availability of ore and fuel, and that
some work may have even occurred within the site.

At the village settlement of Buyiik Tepe Hoyuk, the predominant iron type is one of tools
not defensive weapons. The blades one finds at Biiyuk Tepe Hoyiik are not dagger blades or
sword blades but small, fine, knife blades such as one might use to skin an animal. An isolated
village community, most likely based on an agrarian economy, is likely to manufacture the
utilitarian tools it requires for everyday life without the bother and expense of waiting for
someone outside the local economy and district to do it. The production of objects would be
suited to local requirements, produced somewhat on demand but probably limited by farming
activities and the effects of highland weather patterns. If this is the case, then the welded blade
and quench-hardened blade may represent a native speciality - extraordinary in light of this
modest, remote and unremarkable highland settlement.
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PROVENANCE DETERMINATION OF COPPER ARTEFACTS BY THE
APPLICATION OF PLATINUM GROUP ELEMENT AND LEAD ISOTOPE
GEOCHEMISTRY TO THE CORROSION PRODUCTS.

Willem Snoekl, Tony Sogona2 and Ian R. Plimerl.
1. University of Melbourne, School of Earth Sciences
2. University of Melbourne, Department of Classics and Archaeology

Corrosion rinds on copper and copper-alloy archaeological artefacts
were studied to determine whether this rind could be used instead of
the valuable metal core to provide information relating to the
provenance of the ore and the development of metallurgy in the early
Bronze Age. The corrosion rind on copper and copper alloy
archaeological artefacts are considered by most researchers to be a
source of contamination. The main objection to using corrosion for
provenance study is that the process of corrosion can cause lead and
tin segregation, and result in surface enrichment. Because of this many
researchers have concluded that corrosion products can not be used to
analyse for trace elements. In the Early Bronze Age the most
commonly used copper ores were from the oxidized zone ores such as
malachite, azurite and cuprite. Any base metals associated with these
ores usually only occur as trace elements. The corrosion rind of any
copper artefact will contain trace elements that have not volatilized
completely out or entered the slag. In copper alloys containing base
metals, the alloying element will appear in the corrosion product, often
in greater concentration than in the alloy itself. The concentrations of
the base metals in the corrosion depends on their concentration as an
alloying element and the relative diffusion velocities of metal atoms or
ions in the oxide layer. High concentration of base metals in the
corrosion is indicative that alloying has taken place. Metal core and
corrosion rind from four corroded copper artefacts from Tell Ahmar in
Syria were analysed for platinum group elements (Pd, Pt, Ir and Ru)
and gold via NiS fire assay preconcentration radiochemical neutron
activation analysis (RNAA) and for Pb isotopes via thermal ionisation
mass spectrometry (TIMS). The Pb isotopic signature was
indistinguishable for all four samples, suggesting that the copper used
came from a single ore deposit in Cyprus. The Pb isotopic signature for
the Tell Ahmar artefacts and their associated corrosion products range
between 2.075 to 2.085 208Pb/206Pb and 0.833 to 0.846 207Pb/206Pb,
while the Cypriot Pb isotope field ranges between 2.067 to 2.085
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208Pb/206Pb and 0.833 to 0.847 207Pb/206Pb. The data suggests that
the corrosion products of an artefact can be used to identify the source
ore deposit as both the metal and associated corrosion have the same
or similar Pb isotopic signature. Additionally, synthetic artefacts were
produced by smelting examples of Australian orebodies and artificially
corroding them in order to determine whether selected geochemical
elements, ratios and isotopes could be used as tracers in provenance
studies. In particular the platinum group metals, gold, silver, cobalt
and nickel in the ore, smelted copper produced from the ore, and the
associated corrosion were determined. The PGEs were selected for
trace element studies because, although they are only present in the
parts per trillion to parts per billion range in copper ores, they are
chalcophile and spatially and petrologically associated with copper
minerals in most ore deposits. During smelting to produce the copper,
the PGEs do not fractionate and so follow the copper into the melt.
Gold, silver, cobalt and nickel, like the PGEs, also partition strongly into
the melt, regardless of smelting method. The PGEs are the preferred
elemental indicators to study the provenance of copper rather than
base metals because base metals are less strongly, and variably,
partitioned into the blistered copper melt and may also be volatilised.
Preliminary investigations suggest that chondrite normalised PGE
patterns, coupled with Pb isotopic ratios and base metal data, may be
useful in determining the provenance of archaeological artefacts.



Archaeometallurgy and the pursuit of provenance: thousands of
answers in search of a question

R.G. Thomas & P.Budd*
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*Dept. of Archaeological Sciences, University of Bradford, Bradford, BD7 1DP

The vast majority of archaeological science research conducted into ancient metallurgy
continues to set itself two goals: firstly to determine provenance of an individual
artefact by direct compositional measurement and thence comparison with a known
ore body, and secondly, to define ancient process technology used to produce a given
artefact. This paper asks whether these research questions should continue to dominate
archaeometallurgical research. We suggest that if the study of ancient metal artefacts is
to be relevant to the wider discipline archaeology then there is a pressing need to
redefine the questions that are being asked of the analytical data. The pursuit of
provenance information has been the primary pursuit of analytical scientists from the
time of the introduction of large-scale analytical methods. The desire to measure the
composition of metal artefacts has proved almost irresistible particularly once it
became clear that the broad chronological sequence was reflected in changes in
compositional groupings of artefacts such as arsenical-coppers tin-bronzes and brasses.
The scale of the Stuttgart programs of analyses and others (e.g. Chernykh 1992) stand
as monuments to analytical endeavour, but unfortunately little else. Analytical
provenance analysis programs have produced models of societies based on 'industries'
that are of little use to archaeologists seeking to interpret sociological relationships
(Budd & Taylor 1995). Likewise, the value of studies which make no attempt to
integrate the metal technologies into the overall social and economic life of the
societies that produced them (Craddock 1995) is, at best, questionable.

The interdisciplinary divide that exists between archaeological scientists and
socio-cultural archaeologists has created essentially two incompatible stories for the
introduction and development of metallurgy in the Ancient World. As noted elsewhere
(Budd & Taylor 1995), archaeometallurgists are not prepared to see the development
of metallurgy as anything other than a cumulative progressive developmental sequence.
This paper will discuss the reasons and the consequences of this interdisciplinary divide
and suggests that the potential exists to interpret surviving archaeometallurgical
evidence and analytical data in ways that are more meaningful to an understanding of
ancient societies. It is suggested here that the only casualty of such a new approach to
is our current rationalist model of the development of metallurgy. Any scientific
approach which recognises that chemical compositional data cannot be used alone to
determine which mine produced which artefact immediately produces data that is
incompatible with the current archaeometallurgical models for the introduction and
development of metallurgy. However, this should not in our opinion be seen as a
negative process, since these ancient theories are also incompatible with any current
archaeological theory. To continue down the path defined by Childe (1944), is to risk
ever marginalisation of science-based archaeometallurgical studies in the wider socio-
economic picture of Bronze Age society. On the other hand, the abandonment of
provenance analysis and the integration of the study of process technology with other
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coeval evidence as to the organisation of society can produce a coherent picture as to
the role of metallurgy in ancient societies.
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Reading of the heated debate that surrounds the Kestel 'tin mine' (e.g. Yener &
Vandiver 1993) one would be entitled to ask how could such as simple matter be so
contentious? Surely, either there is tin in the deposit or there isn't, end of question.
Unfortunately, with the current degree of knowledge the real answer is that it is
impossible to say with certainty. The argument that the ancients totally removed all the
good stuff is ultimately impossible to refute on scientific grounds, however unlikely the
evidence for tin exploitation of invisible Sn in the levels of ppm may seem. On the
other hand, such an esoteric argument between archaeometallurgical specialists,
highlights a fundamental deficiency of the literature. This paper suggests that if
systematic detailed mineralogical survey were undertaken on ancient ore bodies (as is
routinely done with in modern prospection techniques) disputes as to what could, or
could not have been extracted from a given ore source could be largely avoided.
The problem to be faced by archaeometallurgists is that what constitutes an exploitable
ore source in Antiquity may bear no relationship whatsoever to an exploitable ore
source in post-industrial economic terms. A further problem is created by the fact that
the remaining evidence is also largely negative, since the ore has long-since been
removed. Large-scale analytical programs which compare measurements made on
artefacts with those made on ore bodies require that the ore sources available at any
moment in Antiquity was finite, and compatible with the 'provenance postulate'.
Unfortunately in the absence of documentary evidence, we have no knowledge
whatsoever that this was so. Inconvenient as it may be we have to deal with the fact
that one person's ore source may have been simply what they could have gathered
from a local outcrop. Furthermore, the mineralogical variation within any given ore
body can be extremely large and a signature cannot be determined using museum
mineralogical specimens (or random analyses of ore samples without mineralogical
description). Rather, it requires measurements on a representative suite of minerals
together with bulk ore analyses.

Fortunately, however, the number of types of ore deposits are relatively few
and relates to the limited number of genetic processes that can lead to the formation of
an ore body. Using careful mineralogical description it is possible to identify any given
ore body as being of one of these types (and thus directly comparable in terms of
mineral composition). Mineralogical examinations of Mt. Gabriel deposits (O'Brien et
al 1990) and Alderly Edge (Budd & Ixer, pers. comm.)have produced unequivocal
evidence that these ore deposits could not, alone, have been used to produce the
earliest arsenical -coppers: despite previous suggestions to the contrary. Returning to
the Kestel case for a moment it is precisely this detailed information that is lacking.
Although from the sketchy descriptions it might seems likely that the ore body is some
form of skarn deposit more detailed description would allow us to determine which
type of skarn and unequivocally answer the vexed question of the tin levels.
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Detailed mineralogical mineralogical description offers the possibility to define
exactly what was an exploitable ore source in antiquity (however small) and what it
contained in terms of other minerals. However large the statistical package used to
process chemical analytical data from an ore body, without the mineralogical
information it is virtually useless in defining a given ore body.
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ABSTRACT

Little work has been published to date on the subject of lead isotope analysis of ancient
iron artefacts. That which has suffers from a lack of understanding of the nature of
ancient iron, and of the behavior of lead in relation to iron oxides. 1.

This paper examines data from a lead isotope study of 12th-1 Oth Century B.C.E. iron
artefacts from Israel and Palestine, and iron ores from these and surrounding areas,
focusing on the issues of iron corrosion and lead contamination.

The data shows that experimentally produced bloomery iron contains very little lead
(less than 0.1 ppm), with most lead in the ore being reduced in the smelting process
and lost to the slag. This low quantity of lead raises the question of contamination in
samples which have been corroding whilst buried, in this case, for 3000 years.

It is proposed that useful lead isotope data may be obtained where analysis of hydrated
iron oxides in particular is avoided, as they commonly make up the outer layers of
recovered ancient iron objects, formed in direct association with surrounding soil and
rock. Lead contamination of these porous oxides is a constantly observed feature of
the material, and the affinity of lead for such oxides is well documented.

Where there exists uncorroded iron (a rare event), or where there exists a core of
magnetite beneath the outer hydrated oxide layers, it may be possible to obtain useful
lead isotope data, which reflect the isotopic composition of the metal as it emerged
from the furnace in antiquity.

A magnetic separation process and washing in cold 7M HCl are proposed as means of
removing contaminated hydrated iron oxides from this more useful material in the
laboratory, prior to lead isotope analysis.

1. Gale, Noel H.; Stos-Gale, Zofia A., "Mystery of Timna's iron solved by
lead isotope "fingerprinting"" in Inst. for Archaeo-metallurgical studies
(IAMS) Newsletter 6, 1984, pp: 6-7; and Gale, Noel H.; Bachmann, Hans Gert;
Rothenberg, Beno; Stos-Gale, Zofia A.; Tylecote, R.F., "The adventitious
production of iron in the smelting of copper", pages 182-191 in Rothenberg,
Beno (ed.), The ancient metallurgy of copper, Institute of Archaeology
London, 1990.
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DETERMINATION OF THE SOURCES OF COPPER AND LEAD USED FOR
BRITISH BRONZE AGE METALWORK BY LEAD ISOTOPE ANALYSIS

Dr B M Rohl
Department of Chemistry

University of Western Australia
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This presentation highlights the results of the work carried out by the author during her
doctoral research under the direction of Dr S P Needham (The British Museum, London)
and Dr N H Gale (Isotrace Laboratory, Oxford). A detailed examination of the results is
currently being prepared for publication by the British Museum (Rohl, B M and
Needham, S P, in prep., "The Circulation of Metal in the British Bronze Age: the
Application of Lead Isotope Analysis", British Museum Occasional Paper No. 102).

Over 450 new lead isotope analyses of ore samples from England and Wales were
compared with published data from Britain, Ireland, France and Germany. In addition,
more than 400 pieces of metalwork, representing all phases of the British Bronze Age,
were analysed. Many of these pieces of metalwork had previously been analysed for their
chemical and impurity content, and supplementary chemical analyses were made to
investigate a possible chemical/lead isotope relationship.

The two data sets promise different outcomes. The ores show less optimistic results with
many of the ore fields in Britain showing overlapping isotopic distributions. To facilitate
intercomparisons, an England/Wales Lead Isotope Outline (EWLIO) has been defined to
enclose all the lead isotope results of ores from the region under study. On the other
hand, the artefacts show intriguing shifts in the lead isotope signature, with coherent
patterns recognisable throughout the Bronze Age phases and regionally. This is
surprising given the likelihood of recycling and mixing of ores. It is clear that direct
matching of artefacts to an individual ore source is unlikely; however, the growing
evidence of Bronze Age extraction sites may suggest distinct inputs of particular ores.

A majority of the metalwork used during the British Bronze Age was copper and bronze,
and analyses of these pieces of metalwork indicate the sources of copper. However, in
the Late Bronze Age leaded-bronze was used and in this instance the added lead saturates
the lead isotope signature of the copper; hence, the source of lead is now indicated.
Virtually all Wilburton Phase (LBA 1) metalwork was leaded-bronze and interestingly, all
the lead may come from a single source, despite the regionally variable material and the
abundance of lead ores in the British Isles.
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