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Trace Element Studies of Jomon Pottery Using Quantitative EDXRF

Mark Hall, National Museum of Japanese History
Junko Habu, University of California at Berkeley

Chemical analyses are one way of examining the
production and circulation of prehistoric pottery.
Behind much of the research in chemical studies of
ceramics is the assumption that the chemistry of the
clay(s) and temper (s) used to manufacture the pottery
is a reflection of the local geologic environment.
While the addition of tempers and the purification of
the clay(s) may alter the chemical signature and
preclude sourcing it to a specific clay deposit, it
does not prevent the analyst from identifying unique
compositional groups. Thus demonstrated differences
in the chemical composition between separate pieces
of pottery <can be wused to discern different
“sources"™. These sources could correspond to
specific clay deposits, regional clay deposits and/or
"production workshops".

In Japanese archaeology, while there has been much
interest in doing provenience studies of
protohistoric and historic ceramics, there has been
only a little for Jomon pottery. One possible reason
for this is the fact that Jomon and Yayoi pottery is
believed to have been open air-fired without any

permanent firing facilities. The "sourcing" of
prehistoric pottery in the absence of kiln sites can
be daunting. While one can identify chemical and

petrological similarities and differences, there is
no way of knowing a priori the number of "sources" in
a given data set nor the dissimilarity between the
sources. Furthermore, when more than one geochemical
group is found at a single site, the question arises
whether these geochemical groups represent the
utilization of two or more different raw material
sources and/or manufacturing techniques, or if one of
the groups was made outside the local region.

Despite the absence of kiln sites, we believe the
variability in the chemical composition of Jomon
pottery within a single style zone and between style
zones should be systematically examined. If the
Jomon settlements produced and utilized much of their




own pottery, we should expect to find statistically
significant differences in the chemical composition
between potsherds from different sites. If there are
no significant differences, then we can assume: 1)
the Jomon potters utilized raw materials that were
geochemically similiar, or 2) pottery was part of an
exchange/trade/re-distribution network between
settlements.

Quantitative energy dispersive x-ray fluorescence
(EDXRF) was used to determine the trace element (Ba,
Ce, Fe, Ga, Mn, Nb, Ni, Pb, Rb, Sr, Th, Ti, Y, Zn and
Zzr) chemistry of Jomon pottery from sites in central
Honshu and the Tohoku region. The trace element
chemistry was then analyzed using multi-variate
analysis of variance (MANOVA), linear discriminant
analysis (LDA) with and without cross-validation, and
step-wise discriminant analysis (SDA) . These
statistical methods allow one to explore chemical
variation between sites, ware types and time, plus
determine the most discriminating elements.

The results of the case studies are as follows.
Potsherd samples from three Moroiso period sites in
the Kanto and Chubu regions were analyzed by EDXRF.
The MANOVA indicates that the population means for
the 15 chemical variables are different for the three
sites. LDA with cross-validation correctly
classified 86.9% of all the cases. Fe, Ni, Pb, Sr,
Y and Zn are identified in SDA as the most important
discriminators.

For the Tohoku region, Early Jomon and Middle Jomon
pottery from 4 sites, including Sannai Maruyama, was
analyzed. The MANOVA test indicates that site
location 1is the most important factor and the
population means for 15 chemical variables from the
4 sites are different. LDA with cross-validation
correctly classified 87.5% of the cases, while SDA
identified Ba, Ce, Cu, Fe, Mn, Nb, Nd, Pb, Rb, Sr,
Th, T Y and Zn as the most important
discriminators.

The mis-classified cases are believed to be due to:
1) the wuse of a regional <clay deposit, or
geochemically similiar clay to manufacture the
pottey; or 2) the movement of pottery between sites.
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Fig 1. Overlay of strongest reflectors. Fig 2. Overlay of strongest reflectors from 60-108ns at the

Interpretation of the location of the kofun koembu of Kofun 100. Reflections from the rock burial
moat is identified on the northern, are seen in the center of the map.

western and eastern boundaries of

Kofun 100.

% Koembu
3-D Render

Laboratory

Fig3. 3-D Render of the 300 MHz data from the
koembu of Kofun 100. The burial is imaged in the
center of the koembu and is parallel with the axis
of the kofun which is aligned with north. Color
scale is changed at 81 ns to help visualize depth.
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