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INTRODUCTION

Ceramic chemical composition characteristics play an important role in the
study of ceramic (1,2). It is well established that pottery can be grouped based on
similarities or dissimilarities derived from chemical data (2,3). A more ambitious
goal is the chemical “fingerprinting” of pottery representating a long period of time
(e.g. 5000 BC to AD 1000) and a wide geographical area (e.g. Mediterranean)
allowing potential sources for “unknowns” or “foreingnware” to be identified (3.4).
This goal requires not only a large chemical data base but also that elements useful
for identification purposes be recognized and that statistically robust methods of
discriminating pottery be developed.

Several authors used Instrumental Neutron Activation Analysis, INAA, as the
technique convenient for ceramics materials, because it combines great analytical
sensitivity with relatively small sample, allowing the simultaneous determination of
several elements in a large range of concentration, without any chemical treatment
(5-7). Nevertheless, as for other analytical methods, error risk are present at each
step of the analytical process, from the sampling up to the interpretation of results.
Moreover, for provenance studies, it is necessary to increase both sensitivity and
accuracy to obtain the largest possible number of determinations with an analytical
dispersion lower than the dispersion due to the differences of ceramic provenance.

The aim of this research is to characterize by means of inorganic elements, the
Brazilian pre-historical ceramic origin as potential indicators of the indian culture.
The data obtained will help archaeological studies already made in the region with
the objective of making spatial, temporal and cultural reconstruction of this time.

Samples of two sites, Agua Limpa and Prado, were collected. The ceramic

found were associated to food preparation, funeral urns and decorative uses. The



funeral ceramics were associated to primary buring (in foetal position) into covered
ceramic urns. Both sites are superficial with an unique stratigraphic level (litho-
ceramic) located in the intermediary part of an hill with a water course in its inferior
part. More details about the archaeological studies already accomplished in the
sites and sampling procedure were given in the First Progress Report (8).

As agreed in the first research co-ordination meeting (CRP) in Washington,
USA, from 23-26 June 1997, the results of the intercomparison exercise using
Brick Clay, NIST-SRM-679, Ohio Red Clay and Blind sample are presented in this
report. The results obtained for 90 ceramics fragments from Agua Limpa site are

also included.

EXPERIMENTAL

Sample Preparation

Sample for NAA were obtained from ceramic fragments by cleaning an area
with tungsten carbide rotatory file attached to the end of a flexible shaft, variable
speed dnll. Depending on thickness, 3 or 5 holes were drilled as deep into the core
of the sherd as possible without drilling through the walls. Finally, the powered

samples were dried in an oven at 105°C for 24 h and stored in a dissecator.
Standard and Check Sample Preparation
Buffalo River Sediment (NIST-SRM-2704) and Coal Fly Ash (ICHTJ-CTA-

FFA-1) were used as standards, and Brick Clay and Ohio Red Clay were used as

check samples in all analysis.



These materials were dried an oven at 105°C for 24 hours and stored in

dissecator until weighed.

Method

The INAA procedure described in the previous Report (8) consists of four

stages:

1.-About 100 mg of ceramic samples, Brick Clay, Ohio Red Clay, Buffalo River
Sediment and Coal Fly Ash were weighed in polyethylene bags and involved in

aluminium foil.
2. Groups of 6 ceramic samples and one of each reference material were packed and

irradiated in the swimming pool research reactor, [IEA-R1m at a thermal neutron

flux of about 5 x 102 ncm? s™! for 8h.

3. As, Ba, K, La, Lu, Na, Nd, Sm and Yb were measured after 7 days cooling time
and Ce, Cr, Cs, Eu, Fe, Hf, Rb, Sb, Sc, Tb, Th, Zn and U after 15 days.

4.- Computer data processing and calculation of the elemental concentrations.
Equipment
The measurement were carried out using Ge (hyperpure) detector, model GX

2020 from Canberra, resolution of 1.90 keV at the 1332.49 keV gamma peak of
9Co, with S-100 MCA of Canberra with 8192 channels.



The analysis of gamma ray spectra are made by means of the Vispect II

software, developed by Dr. D. Piccot, Saclay, France.

RESULTS AND DISCUSSION

Intercomparison and Quality Control

During the last meeting in Washington, all participants received three different
materials: Brick Clay (NIST-SRM-769), Ohio Red Clay and a Blind sample. In
Tables 1, 2 and 3 the results and their estimated lower detection limit are presented.

INAA pracedure was controlled hy means of the analysis of Brick Clay and
Ohio Red Clay irradiated in each group of six samples for quality control purposes.
Standard Reference Materials, SRMs, are indispensable tools for verifying the
validation of analytical procedures in quality assurance programs.

The results of twenty four elements are presented in Tables 4 and 5. In these
Tables mean, standard deviation (SD) and relative standard deviation (RSD %) are
also presented. The results were compared with values obtained from literature (9-
12). For both materials the precision for most elements was around 5% (As, Ce, Cr,
Cs, Eu, Fe, Hf, K, La, Na, Rb, Sb, Sc, Th) and only for Ba, Nd, Sm, Ta, Tb, U, Yb
and Zn was around 10%. The interference of **°U fission in the determination of La
and Ce was negligible. The determination of Zn is not reliable by the strong gamma
ray interferences of *°Sc and **Ta. For most elements observed values agree with
certified or published ones.

The method was also applied to 90 ceramic fragments from Agua Limpa site.
The result are presented in Table 6.



CONCLUSION

As mentioned in the First Progress Report (last year plan), during the second
year of the project the analytical procedure was applied in 90 ceramic fragments of
Agua Limpa site. The data obtained are being studied and submitted to cluster and
principal component analysis. Cluster analysis expresses the similarity of samples
without previous knowledge of their provenance. The principal component analysis
brings out the correlations between different samples and identifies the most
important elements to characterize each provenance.

For quality control the analytical method was validated by the analysis of
Brick Clay and Ohio Red Clay carried out with each group of six samples. The
results showed that the systematic error in determining 24 certified elements was

lower than 10%.

Future Plan Work

Next year the analysis of the ceramic samples from Prado site and repetition
of whole validation procedure with standard reference materials will be carried out.
Ceramic fragments from Rezende site will also be analyzed with the purpose to

compare the chemical composition from three sites (Agua Limpa, Prado and

Rezende).
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Table 6. Mean, standard deviation and range of results obtained from 90 ceramic fragments of
Agua Limpa Site, State of Sdo Paulo, Brasil.

Element Mean + SD Range

As 22 £ 1.1 02 - 72
Ba 1308 + 341 671 - 2350
Ce 126 £+ 34 849 - 356
Co 220 % F5 112 - 524
Cr 159 + 35 82 - 27§
Cs 1.8 =+ 05 03 - 3

Eu 26 £ 07 178 - 71
Fe, % 34 £ 10 181 - 907
Hf 87 £ 2.1 54 - 237
K, % 18 + 04 024 - 27
La 729 = 166 450 - 1789
Lu 04 = 0.1 024 - 067
Na 1843 + 690 217 - 40068
Nd 60 = 14 37 - 137
Rb 71 = 17 o= 120
Sb 02 + 0.1 008 - 005
Sc 162 + 4.0 016 - 449
Sm 98 + 21 633 - 23706
Ta 37 £ 16 12 - 104
Tb 1.1 £ 03 0067 - 20
Th 129 = 2.5 906 - 277
U 1.4 £ 05 08 - 47
Yb 36 £ 36 207 - 37
Zn 65 + 30 16 - 229




