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BE-ARCHAEO BEyond ARCHAEOIogy:

Marcello Baricco

an advanced approach linking East to West
through science, field Archaeology, interactive

museum experiences - Foreword

The Be-Archaeo project was designed to realize a
transdisciplinary approach to the investigation of
society in the past - in the social, economic and gov-
ernmental arenas - as recorded at archaeological
sites and in archaeological artefacts. This approach
requires a significant interdisciplinary collaboration
among numerous disciplines and an innovative
planning of excavation and research procedures. In
Be-Archaeo, expertise and skills do not only come
from researchers of academic institutions, but also
from private companies engaged in archaeometric
and prospection works. For these reasons, a Marie
Sktodowska-Curie Research and Innovation Staff
Exchange (RISE) Horizon 2020 project has been
funded. The RISE action is based on cross-sector col-
laborations through exchanging research staff and
stimulates the sharing of knowledge and ideas from
research to market (and vice-versa). RISE involves
organisations from the academic and non-academic
sectors (in particular SMEs), based both inside and
outside Europe (third countries).

In Be-Archaeo, five European partners have been
involved: three academic institutions (the Universi-
ty of Turin (Italy), University of Lisbon (Portugal) and
International Research Institute for Archaeology and
Ethnology - IRIAE (Italy)) and three SMEs (Tecnart
(Italy), Terramarine (Greece) and Visual Dimension -
VIDI (Belgium)), together with a Japanese third coun-
try partner, Okayama University, and the collabora-
tion of the Shimane Prefecture Board of Education
(Japan) and the Italian Cultural Institute in Osaka.

The organisations making up the partnership have
contributed to implementing the joint research by
seconding and/or hosting staff members, exploiting
the complementary expertise of the participating
organisations: in particular, the archaeology and
communication skills of IRIAE, University of Lisbon
and Okayama University; the multi-disciplinary scien-
tific competences of University of Turin and Tecnart;
the IT skills of VIDI; and the expertise on geo-surveys
of Terramarine. Both early-stage and experienced
researchers are been involved, together with admin-
istrative, managerial and technical staff participat-
ing directly in the research and innovation activities.

Field excavations have been possible thanks to the
support of Okayama Prefecture and a special ac-
knowledgment is owed to Shimane Prefecture for
providing the archaeological finds for scientific in-
vestigations and for hosting the Be-Archaeo final ex-
hibition at the Shimane Museum of Ancient Izumo.

Finally, special thanks go to the Be-Archaeo project
officer, Aleksandra Schoetz-Sobczak, and to the staff
of REA, for supporting us throughout every step of
this exciting research project.
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Introduction

Archaeology plays a key role in the study of the past,
aiming at the reconstruction of social, economic,
symbolic and political life through the interpretation
of signs left by material culture and architecture.
The study of various interlinked elements requires
the contribution of several disciplines, both from the
hard sciences, social sciences and humanities. This
makes archaeology a discipline that is intrinsically
multidisciplinary. The Be-Archaeo project tested an
innovative approach through which the archaeolog-
ical questions have been simultaneously analysed
by different disciplines, with a cross-fertilisation of
methodologies and procedures in a transdisciplinary
perspective.

The main case study has been Tobiotsuka Kofun,
a mounded tomb located in Soja city, Okayama Pre-
fecture, Japan, dating to the Late to Final Kofun pe-
riod (c.6'™ - 7" century AD). Tobiotsuka is located in a
crucial period for analysing the cultural and political
change from chiefdom to central kingship, a tran-
sition found in various cultures and geographical
areas, but not fully understood in Japanese history.

The Be-Archaeo project is proud to have taken part
in the Tobiotsuka Kofun archaeological excavation
in the summer of 2019, with the simultaneous pres-
ence in the field of experts from differing disciplines,
including archaeologists, geologists, conservation
scientists, soil scientists, biologists, physicists, chem-
ists, geophysicists, and veterinarians in order to
establish a protocol for the comprehensive recovery
of data obtained during the excavation. This allows
minimising the loss of data that sometimes occurs
when archaeometric investigations are done after
the end of an excavation on manipulated finds that
can be partially altered.

In the field and in the laboratory, Be-Archaeo re-
searchers developed strategies to deal with several
issues, such as chronology, raw material provenanc-
es and technical processes surrounding the produc-
tion of Kofun-period features and artefacts.

All Be-Archaeo results were merged into an inte-
grated database, which connects archaeological and
archaeometric data produced within the project with
worldwide catalogue records. The Be-Archaeo data-
base will be open to experienced users through an
interactive web interface, in addition to the general
public with the aid of IT tools and visual rendering.

Eliano Diana

In the Fall of 2022, The Tale of Be-Archaeo: between
Science and Tradition exhibition at the Shimane Mu-
seum of Ancient Izumo displays the main outcomes
of Be-Archaeo, produced from the six Work Packag-
es (hereafter WP) of the project, as follows:

WP1 - Cooperation and Synergy, devoted to integrat-
ing various kinds of expertise and leading the proj-
ect from the multidisciplinary contribution of the in-
volved researchers to transdisciplinary procedures.

WP2 - Fieldwork, comprising all activities related to
fieldwork on Tobiotsuka, where the interdisciplin-
ary team has operated synergistically, and Western
and Japanese teams have shared and compared
their specific methodologies, in relationship with the
Barker/Harris method and the archaeometric inves-
tigations.

WP3 - Materials, focused on investigating findings
from the archaeological excavations, objects select-
ed from collections in Okayama and Shimane Prefec-
ture and soil and biological samples from Tobiotsuka.

WP4 - Database and Software Tools for the gath-
ering and systematisation of all data produced in
Be-Archaeo and linking them to a GIS and 3D strati-
graphic model.

WP5 - Communication and Dissemination assigned
to the creation and maintenance of the project's
webpage, social media, press communication, docu-
mentary, exhibitions and all dissemination activities.

WP6 - Management, responsible for the project
administration and interaction of all project bene-
ficiaries and partners with the European Research
Agency.

From its beginnings, the Be-Archaeo project was
deeply committed to disseminating all scientific pro-
cesses, from field work to lab analysis or again the
presentation of results to a worldwide audience. Ac-
ademic channels, including papers and conferences
but also social networks, interactive devices, videos
and documentaries, were used to achieve Be-Ar-
chaeo objectives: linking East to West through sci-
ence, field Archaeology and interactive museum
experiences.
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The Exhibition:
The Tale of Be-Archaeo
- between Science and Tradition

Since its initial formulation, one of Be-Archaeo’s
main goals was to hold a final exhibition at the Shi-
mane Museum of Ancient Izumo. Be-Archaeo, be-
ing a multidisciplinary project, has been committed
to cross-disciplinary research, to participating in
a worldwide web of knowledge and to sharing the
results of its on-going investigation with a global
audience. However, bearing in mind the crucial role
played by digital channels, so obviously demonstrat-
ed during the SARS - CoV-2 pandemic, Be-Archaeo
has created networks among people and institu-
tions, spread knowledge and allowed non-specialists
to take part in the research project; nevertheless, we
still consider the museum experience as one deci-
sive way to share science.

Museums invite, engage and challenge visitors into
aesthetic, emotional and rational experiences. Visit-
ing a museum is like a voyage which involves differ-
ent senses and where new knowledge and new per-
spectives prompt the visitor's surprise: a moment
not to forget.

The Tale of Be-Archaeo - between Science and Tradi-
tion exhibition invites everyone, experts and curi-
ous people alike, to a journey through the Japanese
past. Starting from the title, this exhibition evokes
a combined taste of traditional Japanese and Euro-
pean ways to tell and remind us of the stories and
history of our past.

But the title also refers to Science and Tradition and
these two words, probably the most suitable to de-
scribe how Western Europe sees Japan, can also de-
fine the Be-Archaeo experience as a platform where
cutting-edge Western and Eastern science was used
to decipher the traditional Japanese legacy.

In this tale, science and tradition are combined in
a transdisciplinary project that has mainly been de-
veloped around one of the most fascinating periods
of Japanese protohistory - the Kofun period - the
moment to which some of the crucial symbols of
Japanese identity can be traced. The Kofun period
is characterised by the construction of distinctive
mounded tombs called kofun. They are an import-
ant part of Japanese heritage and some of them are
the most massive protohistoric monuments in the
world. Kofun have been actively investigated by Jap-

Mariana Diniz, Elisabetta
Colla, Pia Lauro, Diana
Nukushina

anese archaeologists, but some are still considered
sacred and excavations are not allowed. While large
kofun have attracted the attention of many research-
ers and curious people from both inside and outside
Japan, many later and smaller kofun have still not
been investigated or fully understood. That is what
makes this project - designed around the small Tobi-
otsuka kofun, located in Soja City in Okayama Prefec-
ture and dated to the Late Kofun period - so unique.

Between 2019 and 2022, 67 researchers from six
nationalities (Italy, Portugal, Greece, Belgium and
Japan) have focused their attention, their different
expertise and methodologies on the ancient Japan
heritage presented in this special exhibition held at
the extraordinary Shimane Museum of Ancient Izu-
mo. Displaying the Be-Archaeo team’s endeavours
was the first challenge of this exhibition.

The Tale of Be-Archaeo - between Science and Tradi-
tion exhibition is the result of all the Be-Archaeo re-
searchers’ work, but particularly committed to this
task were the curator Mariana Diniz, the co-curators
Pia Lauro, Elisabetta Colla and Diana Nukushina, and
Vincenzo Lombardo and Vittorio Lauro, who were in
charge of the virtual reality tour and the data base
displayed in the exhibition. The main purpose of this
exhibition has been to create a narrative focused on
the interaction between archaeological and archaeo-
metrical research. Its planning has taken into special
consideration the researchers’ different approach-
es to archaeological data, different methodologies
used to retrieve information and distinct ways of
documenting the results. In an area of 130 m?, the
exhibition has been organised in an eightfold path
structure: different areas were arranged into a kind
of dialogue with each other and visitors can move
freely, choosing their own route.

At the entrance, after a first glance at the Be-Archaeo
project advertising banners, the visitor can watch
the Be-Archaeo documentary. During the 15-min-
utes video, visitors can immerse themselves in a
short-story that step by step introduces the project
and the researchers’ main activities: the geophysical
survey, the archaeological excavation, the laborato-
ry activities, the database implementation and the
social networks dissemination.



From this first encounter, visitors will become ac-
quainted with Be-Archaeo’s aims and team. From a a
brief presentation of Japanese/Western archaeolog-
ical relations since the nineteenth century, visitors
will be guided to the twenty-first century, through
all the names, faces, nationalities and different ex-
pertise areas of Be-Archaeo researchers. Humanis-
ing science is also a way to draw visitors closer to
the topics and to transmit the thrill of being part of
a large team with a common goal: knowing more
about the past with new, less destructive and more
accurate, methodologies. Senior and junior re-
searchers, academic and medium-sized enterprises,
archaeologists, chemists, botanists, vets, computa-
tional data scientists, geologists and other special-
ists all worked together in the field, in laboratories,
in museums and in digital and computational rooms.

Moving ahead, the visitors will come to the virtual
reality area, an interactive and immersive space, one
of the exhibition cornerstones, where they will be in-
vited to travel back to the Yayoi and Kofun periods
(c. 2nd - 7™ centuries AD) of the Kibi and Izumo re-
gions. Through the monuments and materials that
the Be-Archaeo team has studied, it is possible to
provide an informed and guided visit to sites such
as Tobiotsuka Kofun, as well as to the archaeological
excavation led by the joint Japanese-European team.
During the 2019 campaign, both the tomb's earthen
mound and its burial chamber were excavated after
a geophysical survey and a photogrammetric cam-
paign was also carried out. 3D replicas of artefacts
and ecofacts such as faunal remains can also be ex-
plored during this journey.

The next zone is divided into two main areas, the
Laboratory space and the Ritual space, where sci-
ence and tradition combine and it is explained how
human societies relate to the deceased.

In the Lab area, three classes of artefacts, crucial to
kofun rituals are presented: glass, metal and pot-
tery. Objects retrieved during archaeological exca-
vations at Tobiotsuka Kofun or stored in museums
in Shimane Prefecture were brought to the laborato-
ry - a crucial stage in every research project, which
has been recreated here. However, in this lab, where
different techniques were used to acquire informa-
tion that the eyes cannot see, traditional Japanese
items are also displayed.

Precious archaeological artefacts such as magatama
glass beads, kintsugi pottery or a chokutd ‘straight
sword’, even when broken into pieces, possess a
unique story about the way they were made, the
materials used to produce them and the traditions
they belong to. Inside laboratory glass jars, under
microscopic lenses, and through x-rays and chem-
ical analysis, pottery sherds, metal fragments or

small glass beads can reveal information about past
technologies, past raw materials networks and past
cultural areas.

On passing from the lab to the ritual area, the visitor
will see a black human shadow adorned with burial
goods such as precious objects made of glass, pot-
tery and metal, reminding us of how the death of re-
vered leaders and important figures was honoured.
As in other parts of the globe, farming societies -
mainly developed in Japan through rice cultivation
- tended to look upon death, or at least the burial
of certain esteemed figures, as the foremost arena
to exhibit, consolidate and negotiate powers among
elites.

The construction of monumental earth and stone
mounded tombs, some of them demanding impres-
sive amounts of labour for a group (as in European
megalithic monuments) or for an individual or a very
restricted group of individuals (as in Japanese kofun),
as well as the exoticism and value of the funerary of-
ferings, all reflect the symbolic but also political role
of these monuments. The interred bodies of kofun
elite were adorned with an assemblage of artefacts
that mirrored their social and economic power.

Time and Landscape, two main issues in all human
matters, are also part of The Tale of Be-Archaeo exhi-
bition. From the first written sources in Japan where
past events were recorded and ancient things ex-
plained, to archaeological typologies that seek to
organise artefact diversity, to groundbreaking tech-
niques such as thermoluminescence used to date
artefacts that were fired, taming time is a common
desire both to science and tradition. But this area is
also about natural and anthropic landscapes created
by relationships between humans and the environ-
ment, as in the kofun mound itself and in all those
stories archived in the ground. Sediments that re-
veal their not-so-distant origin in the valley and mi-
cro-organisms that reflect past activities in the burial
chamber, are among the data Be-Archaeo research-
ers have collected during their fieldwork.

The last exhibition corner is dedicated to the Be-Ar-
chaeo database - BeA. In this database, all Be-Ar-
chaeo data is stored, but it has a much wider goal.
BeA, as a semantic database, explores relations
with other open access databases connecting, just
like a shoji door, Be-Archaeo results with knowledge
already available concerning ancient Japan, the Ko-
fun period, artefacts and archaeometric analysis.

Before leaving The Tale of Be-Archaeo exhibition, visi-
tors will also be able to take ‘The Be-Archaeo quiz, a
questionnaire, structured like a game, to check their
knowledge of the exhibition content.
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Be-Archaeo Team
Names and expertise areas

Be-Archaeo 7—L
K&d LUEFDE

Marcello Baricco

Project Coordinator - University of Torino
7Ok DA—F4R—4— - MIJ/KZF

Eliano Diana

Senior Chemist - University of Torino
DZ7EFEE - NI /KRF

Monica Gulmini
Senior Chemist - University of Torino > =7{t%#& - b/ KZF
WP1 Leader 7—2/\wr—2 1D —4—

Alessandro Lo Giudice

Senior Physicist - University of Torino
SZTYIEFRE - M) /KF

Vincenzo Lombardo

Senior Computer Scientist - University of Torino
SITIERTEE - M) /KRE

WP4 Leader 7—2/\w/r—2 4D ) —4—

Gianluca Coci

Senior Linguist (Japanese) - University of Torino
YT EFRFPE(BARSE) - MU/KRFE

Cesare Comina

Senior Geophysicist - University of Torino
DZTHERYBERE - U /KT

Paola Croveri

Senior Chemist / Conservation Scientist - University of Torino
SZTFE RERTFE - FU/KRE

Patrizia Davit

Senior Chemist - University of Torino
DZT7EEE - bIJKRE

Sergio Enrico Favero Longo

Senior Biologist - University of Torino
SSTEMEE - MRS

Laura Guidorzi

ESR Material Scientist - University of Torino
ESR MEIRIZEE - b/ K2

Rosa Boano

Senior Anthropologist - University of Torino
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Eleonora Bonifacio

Senior Pedologist - University of Torino
DT EERE - N)JKRF

Luisella Celi

Senior Soil Chemist - University of Torino
ST HEEFEE- FU/KRE

Diego Cucinelli

ESR Linguist (Japanese) - University of Torino
ESR S5E%% (BAH) - bU/KY

Diego Elia
Senior Field Archaeologist - University of Torino
DT T REREE - R JKF

Laura Guglielmone

Herbarium Curator - University of Torino
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Cristiano Lo Iacono

Administrative Staff - University of Torino
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Giuseppe Mandrone
Senior Geophysicist - University of Torino
DITHERYBIERE - M) /KRF
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Senior Architect and Surveyor - University of Torino
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Andrea Peano

Senior Veterinarian - University of Torino
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Senior Chemist / Conservation Scientist - University of Torino
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Senior Physicist - University of Torino
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Veterinary Biotechnologist - University of Torino
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Senior Geomagnetist / Archaeomagnetist - University of Torino
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Damiano Vacha

ESR Geophysicist - University of Torino
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Senior Biologist - University of Torino
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Drama Scholar - University of Torino
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Senior Computer Scientist - University of Torino
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IT Research Technician - University of Torino
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Digital data curation - University of Torino
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Professor of Archaeology - University of Okayama
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Kazuhiro Sato
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Masami Kanzaki
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Shigeyuki Suzuki

Emeritus Professor of Field Geology - University of Okayama
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WP1 Cooperation and Synergy

The Be-Archaeo endeavour is set within the frame
of the Research and Innovation Staff Exchange
(RISE) action of the European Union. It therefore
aims at implementing excellent science by focusing
on people and on the exchange between countries,
institutions and research/professional teams. The
researchers involved, both ‘experienced’ and ‘early
stage’, are part of 8 organisations from 5 countries
(Italy, Greece, Portugal, Belgium and Japan). Some
are active in the academic world, and others are part
of private companies. Each is expected to take ad-
vantage of the mutual interactions that take place
during the joint activities to increase their skill sets.

Within this international and intersectoral consor-
tium, researchers from many disciplines are involved:
archaeologists, 3D surveyors and topographers,
soil scientists, computer scientists, geophysicists,
mineralogists, petrographers, biologists and plant
scientists, experts in human and animal remains,
chemists and physicists, each working together on
common tasks. They are accompanied by a team of
journalists and documentary makers, who face the
task of developing the most appropriate ways to in-
form a large general audience of such a challenging
experience like Be-Archaeo.

Within this frame, labelled as “cooperation and syn-
ergy”, are the activities devoted to ensure the proper
collaboration among researchers in the many inter-
disciplinary activities taking place during the project.

The main aim was to define procedures to foster
trans-disciplinarity in collaborative endeavours for
shedding light on the main features of past cultures.

Other tasks include developing procedures to imple-
ment a transdisciplinary archaeological excavation:
geophysicists and surveyors provide an initial over-
view of the Tobiotsuka Kofun and 3D models of the

WP1 1777 CHEER

The Be-Archaeo 7O ¥ MMIFUINES (EU)DRISE(
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Monica Gulmini

archaeological site are created. Then archaeologists
work together with experts in Archaeometry: in a
similar operation, the archaeologists dig the site to
find remains of the past, while the biologists and soil
scientists investigate the main features of the soil
and the microbial communities to reconstruct the
past environment and to determine present conser-
vation issues for the finds. In the lab, artefacts made
of inorganic materials such as pottery, glass, stone
and metal are investigated by mineralogists, petrog-
raphers, chemists and physicists, who identify their
chemical composition and other physical features to
investigate their provenance or gain information on
how the original objects were made. Veterinary sur-
geons and physical anthropologists consider instead
the human and animal remains. All of them are in-
volved in the activities of the Work Package, as their
fruitful collaboration is crucial for the project and
regularly meetings - even if remote - are organised
among the researchers, in order to foster a transdis-
ciplinary vision within the team.

Among the most challenging tasks of the “cooper-
ation and synergy” Work Package was the develop-
ment of guidelines to prepare the database. By going
beyond the idea of a mere “digital repository”, the
Be-Archaeo database is interconnected and displays
the project's achievements worldwide, by merging
all the disciplines that took part in the investigation,
utilizing a semantic web perspective.

During the almost two years in which in-person ac-
tivities have been significantly reduced because of
the SARS - CoV-2 pandemic, cooperation and syner-
gy has been transferred on-line, consolidating the
previously established fruitful relations among the
institutions and beyond, thereby activating further
collaborations that are now fully underway.

Monica Gulmini
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WP2 Fieldwork

Activities in Work Package 2 (hereafter WP2) took
place at the Tobiotsuka kofun archaeological site
and, in general, in the area of Okayama for the Land-
scape Archaeology Survey, where a truly interdisci-
plinary team operated synergistically. The activities
established a continuous interaction between the
Eastern and Western teams during prospecting and
excavation. They shared, compared and exchanged
experiences and procedures and experimented with
innovative archaeological approaches directly relat-
ed to archaeometric investigations.

WP2 took care of all the fieldwork operations. There-
fore, its objectives, albeit multiple, are all aimed at
field investigations in the archaeological and archae-
ometric field.

WP2 managed the preliminary geophysical investi-
gation activities of Tobiotsuka Kofun, its archaeolog-
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ical excavation together with the archaeologists of
Okayama University and the topographic survey, in
addition to the field sampling activities of the various
archaeometers to ensure that the components of
the working group dedicated to materials and analy-
sis could develop their activities.

Last but not least, the activity of WP2 has extended to
the topographic survey of Landscape Archaeology,
in order to create a mapping of the kofun of the
area and, from this, to understand the socio-political
dynamics that determined their positioning and
therefore their meaning. Finally, from this analysis,
we tried to further understand the relationship that
existed between the changes in these socio-political
aspects and related changes in the standing of kofun
during the period.
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WP3 Materials

Under the heading ‘Materials’, WP3 faced the chal-
lenging task of investigating - through many scientif-
ic techniques and approaches - the finds excavated
from Tobiotsuka Kofun and a selection of artefacts
and animal remains from other archaeological sites
in the Okayama and Shimane Prefectures. The col-
laboration between the University of Torino, Okaya-
ma University, Shimane Prefecture and TecnArt SRL,
was central to this task.

The main goals were developing new and accurate
methods for the instrumental examination of ar-
chaeological finds, in order to obtain comprehensive
information for materials and objects from Japanese
protohistory. Researchers involved in the investiga-
tions took advantage of a truly interdisciplinary envi-
ronment and improved their skills for the analysis of
archaeological materials within an interdisciplinary
perspective.

The Japanese partners guided the selection of pot-
tery, metals, bones, shells, and glass beads, and also
promoted the analysis of soil samples collected at
the Tobiotsuka Kofun. The overall scientific investi-
gation was partially performed in situ, where mate-
rials are kept, and mostly in the laboratories of the
European and Japanese partners.

There are so many different approaches and varied
equipment that science can exploit to investigate ar-
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chaeological materials. First of all, visible light can be
used. Much information came from samples under
an optical microscope, since at high magnification,
subtle features of small glass beads can indicate
how the beads were made by the ancient craftsmen.

An optical microscope (which uses visible light to il-
luminate the sample) can also be used to observe a
sample of an artefact prepared as a thin section. A
thin slice of the artefact was cut and then mounted
on a glass holder so light can pass through it. Many
materials can be prepared as thin sections and even
pottery can be sliced to let light pass though it under
an optical microscope. In this way, petrologists can
detect the residues of the stones that characterise
a specific outcrop area where the raw materials for
pottery making were obtained and many other de-
tails can support the archaeologists in understand-
ing where and how the pottery was produced.

Scientists may also use other kinds of radiation. As
an example, UV-Vis-NIR spectroscopy, which illumi-
nates a sample with light from the ultraviolet to the
near infra-red range of the electromagnetic spec-
trum, allows detecting the materials that were em-
ployed to colour glass by examining the light reflect-
ed by a glass bead (and, of course, by coloured glass
objects in general).

X-rays also play a role in imaging the archaeological
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objects, as 3D models can be obtained by Computed
Tomography, which is a perfect tool to ‘explore’ an
object (or a material) from the inside without even
touching it. Moreover, other interactions between
X-rays and the materials are exploited by different
equipment to gather information on elemental or
mineralogical composition of the archaeological
finds. For pottery, elemental composition is relevant
information to find similarities among different ob-
jects and mineralogical composition gives informa-
tion on firing temperature.

Besides radiation from UV to X-rays, electrons are
used in the electron microscope to obtain very high
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magnification images (and also to determine the
composition of a single point of an artefact). Team
biologists have employed sophisticated techniques
of DNA recognition to identify the microorganisms
in the archaeological site and the magnetic features
of archaeological pottery gave the BE-ARCHAEO
researchers information to detect the variations of
the Earth’s magnetic field in Japan during the Kofun
period.

Therefore, the word ‘materials’ took on quite a rich
meaning within the frame of the BE-ARCHAEO re-
search.

Fulvio Fantino, Alessandro Re
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WP4 Database and Software Tools

Be-Archaeo is a born-digital archaeological project:
every progress made in field work, the digital scans
of the archaeological findings, the information and
knowledge produced by the analyses, the interpre-
tations of the scientists’ work, and finally the record-
ings of the activities, are all stored on a digital plat-
form, with a web access at all times.

The archaeological site has been photogrammetri-
cally captured during the excavation process, and
now it is possible to reconstruct the advances made
in the excavation process in a virtual setting. A virtu-
al reconstruction is also available for the archaeolog-
ical findings, which can be explored with a high-res-
olution models.

However, these digital objects need to be stored in
an organised way within an appropriate information
storage. The implementation of a digital workflow
since the beginning has given the possibility of shap-
ing the information structure according to the needs
of the archaeologists and the archaeometers.

The Work Package 4 (hereafter WP4) team has
worked on both theoretical and practical solutions
to the problem. The theoretical solution, to be rep-
licated in other projects in the future, concerns the
representation of the archaeological/archaeometric
data through the Semantic Web languages and has
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been published in major journal and conference pa-
pers; therefore, other scientists and projects in the
future can exploit the same representation formats
that have been successful here. The practical solu-
tion is a web-based platform, based on the Content
Management System Omeka-S (a sort of WordPress
for Cultural Heritage), that provides a back-end for
the researchers to insert data and a front-end for the
same researchers and the general public to access
the information about relevant items in the project.

The accounts of the several disciplines contributing
to the project are accounted for by the representa-
tion format, which must include the major elements
of the relevant knowledge; the other challenge has
been the multilingual nature of the project, with di-
versity in terminology and practices to be accommo-
dated in an inclusive representation format.

The WP4 team includes information scientists, IT
technicians, and interdisciplinary members, such as
digital archaeologists and information designers.

The practical achievements of WP4 will be proposed
to other archaeological and archaeometric projects,
in order to further validate the method beyond the
scope of the current project. The theoretical achieve-
ments will be extended to further archaeometric dis-
ciplines as well as to other archaeologicalsettings.

Vincenzo Lombardo (WP!) —4—.
Tugce Karatas. Vittorio Lauro. Claudio

Mattutino. Rossana Damiano
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WP5 Communication and Dissemination

Work package 5 (hereafter WP5) was designed to
communicate and disseminate all BE-ARCHAEQ re-
sults to different audiences. It is not only academic
communities that have been reached through pub-
lications in scientific and technical journals, poster
and oral presentations at congresses and with the
organisation of workshops, but also all those in-
terested in ancient Japanese archaeology and ar-
chaeometric methodologies; our audience is kept
informed about the Project’s activities and results
through the BE-ARCHAEO web site, social media
such as Facebook, Twitter, LinkedIn and Instagram,
newspapers and media channels.

WP5 was created in the frame of European poli-
cies on open science using digital tools to engage
non-academic audiences within the Be-Archaeo proj-
ect. Sharing results with large audiences and link-
ing Eastern and Western scientists and the general
public has been a crucial goal of Be-Archaeo since
the project launch in 2019. Digital channels, key to a
project involving so many researchers from different
and distant parts of the world were, during the 2020
and 2021 lockdowns, vital ways to keep the research
going and the researchers in contact through webi-
nars, digital meetings and seminars.

Also beyond communicating and disseminating
Be-Archaeo, WP5 - a task in which all Be-Archaeo re-
searchers, with their different backgrounds and ex-
pertise, have been engaged - has been responsible
for creating a 15-minute documentary film, telling
the story of the Be-Archaeo adventure, two Summer
Schools, which gathered specialists from all over
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the world and two interactive exhibitions: The Tale
of Be-Archaeo - between Science and Tradition - to be
held in Japan and in Italy.

This final exhibition on the BE-ARCHAEO project has
been designed to narrate the story of the multidisci-
plinary and international team, who cooperated to
reconstruct the social, economic and cultural back-
ground of Tobiotsuka Kofun through digital and
physical ways. The Be-Archaeo project set itself a
very ambitious goal as part of the outcomes of the
scientific work to be carried out during the four-
year project (2019 - 2022), which was interrupted
by the pandemic. Notwithstanding the strain, the
BE-ARCHAEO project has continued to work offsite,
keeping in touch with audiences through digital and
physical experiences. The results obtained in the
field and the lab work done on Tobiotsuka Kofun
and on Yayoi and Kofun period sites in Okayama and
Shimane Prefectures are the backbone of the final
exhibition at the Shimane Museum of Ancient Izu-
mo (SMAI). All those interested in the Kofun period
(c. 4t - 7 century AD), in Japanese archaeology and
archaeometry have the possibility to enjoy all these
aspects in the final exhibition. In the exhibition the
public will become more acquainted with the Be-Ar-
chaeo researchers, what they have done and what
they have produced. The final exhibition team who
designed, conceived and coordinated within WP5
in collaboration with Nerve Design atelier and with
the constant assistance of our Japanese colleagues
at SMAI and Okayama University, is pleased to wel-
come all visitors to join us!
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WP6 Management

Administrative and financial issues play a crucial role
in any project implementation. Effectiveness is at
stake, along with issues such as accountability and
fairness, since BE-ARCHAEO is - first and foremost -
a European Commission public funded project.

During the kick-off meeting held in Okayama in Feb-
ruary 2019, BE-ARCHAEO partners from different
countries including Belgium, Greece, Italy, Japan
and Portugal, stipulated the agreements regulating
intellectual property rights, the treatment and trans-
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fer of materials (according to the Nagoya Protocol)
and financial provisions.

Management meetings have taken place between
2019 and 2022 in order to ensure the smooth organ-
isation of the research activities, field visits, excava-
tions, methodological soundness and dissemination
initiatives, such as the website and publications.

These efforts have culminates culminated in this ex-
hibition and in an international Summer School.
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Project Monitoring and Risk Management has been
crucial in the context of the unexpected, world-up-
setting SARS - CoV-2 pandemic. Clearly, a project
based on staff exchanges across the globe, could
not go ahead unscathed.

A scheme on progress monitoring has been set up
and checked by the Management Team. The scheme
monitored the accomplishment of secondments in
accordance with the planned schedule and regularly
checked the reports of seconded staff.
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A risk management strategy has been adopted by
the partners under the direction of the Supervisory
Board.

Notwithstanding all difficulties, we tried to and,
hopefully, succeeded in realising this wonderful in-
tercultural and transdisciplinary collaboration.

Cristiano Lo Iacono
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BE-ARCHAEO Documentary

Outlining the importance of international coopera-
tion and methodological exchange between Europe-
ans and Japanese researchers is the main purpose
of the Be-Archaeo documentary, a 15-minutes vid-
eo compiled from extensive footage carried out on
a daily basis, in order to follow each phase (either
in-the-field or in the lab) of the Be-Archaeo project.

The documentary relied on a high-quality voiceover
in order to summarise the most important results
achieved by the mission members over the last four
years. The narrative engages with the aim of accom-
panying audience through the stories chronological-
ly, stressing the importance of the transdisciplinary
approach in the scientific research. The video was
shot from the very beginning of the expedition, in
2019, in order to create the right mood and enables
the audience to experience the research and thrill of
the discoveries. The video, displayed within The Tale

BE-ARCHAEORFFa X&) —

MEEDOERHBNEHERDRADEEEZDHD
PIRT e ZEERBEMNEL.Be-Archaeo/O> o
FOBERMERZ RIIARE)ZEH T 57/-HICEH
157 EDmENERmINEK LT,

CORFaAXIA)—FZ.TOATTIMXYN—DBE
AFBICHLZEITTERDEELGHRZENTD/-0HD
FL—=a3 A TVWE T BAMAED OIERIF
EICBITREEN AR T IO—FOEEM A58 L AN
5. BRI TIN—)—%2EBRAL.BEZYEICFITA
HETZDHOFRHRT(ZLTHYR) ZIERICIRLE T
DI IBREIF2019F ORIELU N SABINBE
HABEDEBRECFERDRAVIILZFRERLENDELSICL
F L7 BTAaBe-Archaeo¥)ZE—RIZ L GRHEDIFE
F—ICBVWTERINZIMBRIZ IOV DO ER
72T TRARICABN - EFNE EZH 5 LIERE
BROBEBRACEEZENVTKNBZETLLS,

Sergio Panariello, Marco Merola

of Be-Archaeo - between Science and Tradition exhibi-
tion will therefore hopefully point the audience not
only towards the achieved results but also to shar-
ing the experiences from the expedition which led to
professional progress among the researchers.

The documentary aims to tell stories that are both
informative and educational, but which could also
be wholly enjoyed by a large and international au-
dience of non-specialists. From the initial meetings
among European and Japanese partners, through
the preliminary survey in the field, on to the exca-
vation of Tobiotsuka Kofun, or to the in-lab scientific
investigations carried out at Okayama University on
the artefacts and ecofacts recovered from different
archaeological sites, the documentary records and
gives an overview of all the Be-Archaeo project rou-
tines.

Sergio Panariello, Marco Merola
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BE-ARCHAEO
in the Field

Daniele Petrella, Ivan Varriale, Davide De Giovanni, Roberta Gooni, José
Marmol, Vittorio Lauro, Giorgia Greco, Sergio Favero Longo, Eleonora
Bonifacio, Luisella Celi, Paola Croveri, Tommaso Poli, Samuel Vayron,

Diego Elia, Cesare Comina, Nicold Masturzo, Damiano Vacha, Andrea
Martins, César Neves, Fulvio Fantino, Pavlos Sotiropulos, Spyridon

Maroulakis

The first fieldwork campaign at Tobiotsuka Kofun
(Soja City, Okayama Prefecture) by Be-Archaeo took
place in 2019 and continued in the following years,
despite the difficulties caused by the SARS - CoV-2
pandemic between 2020 and 2021.

The activities included different approaches to the
archaeological site: geophysical analysis carried
out by TerraMarine technicians and the Universi-
ty of Turin; archaeological excavation, by the IRIAE
Members, Okayama University and the University of
Lisbon; topographic and photogrammetric survey of
the archaeological site and the different excavation

ARCHAEOLOGICAL ACTIVITY

phases; soil sampling for the study of bacterial and
fungal microorganism cultures; sampling of the dif-
ferent types of soil for pedological analysis, aiming
to identify the nature and composition of the soils
from the stratigraphic units of the excavated areas
and video and photographic documentation and
communication of the activities carried out in the
field.

In general, it should be noted that the interdisciplin-
ary collaboration that represents the spirit and driv-
ing force of Be-Archaeo has worked perfectly and
produced absolutely satisfying results.

The mound of the kofun was investigated through
the excavation of long and narrow trenches. The
trenches spread radially from the centre of the top
of the mound following the methodology indicated
by the Japanese archaeologists. After the removal of
the top soil, characterised by the presence of roots
and recent organic material, the layers of earth al-
ternate in a fairly regular sequence of black and yel-
low soil that suggests anthropic activity linked to the
creation of the artificial mound above a natural layer.

The mound has a diameter of approximately 23 m
and a height of about 5.7 m (calculated from the
deepest layer excavated in the burial chamber).

The burial chamber, whose excavation was inter-
rupted in subsequent years due to the impossibility
of working in such a small space in the face of an-
ti-SARS - CoV-2 regulations, was excavated follow-

FINDS

ing the square-hole and balk method. The removed
layers seem to differ very little from each other and
this could be the result of the remixing eventually
occurring during looting activities, carried out cen-
turies after the Kofun period. Looting activities are
confirmed by the findings of intrusive pottery sherds
in many of the aforementioned layers.

The total length of the burial chamber is about 12.5
m (length of the corridor about 6 m; length of the
burial chamber about 6.5 m)

The width of the corridor, on the other hand, reach-
es a maximum of 1.6 m, while the burial chamber is
2.3 m.

The height also varies. The height of the burial
chamber is approximately 3 m, while the corridor is
approximately 2 m.

From the burial chamber of Tobiotsuka Kofun,
numerous fragments of Sue ware dating to the TK
209 and TK 217 phases were found, suggesting
that the tomb dates to the Late Kofun period, or
late 6th to early 7th century. Burial goods all but
destroyed during subsequent looting also help
date the tomb. In addition to Sue ware, Haji ware
and small iron fragments have also been found.
Swords, arrowheads, and related items suggest that
the buried individual or individuals were not of low
rank. The iron nails found from the burial chamber

26

with wood still attached suggest that the interred
individual had been buried in a wooden coffin. A
large number of rocks with natural or unrefined
exterior were found from various stratigraphic
layers and these are believed to have fallen from the
side walls. On the other hand, the smooth river rocks
are believed to have originally paved the floor of the
stone chamber. These were most likely removed and
strewn about during looting.

These finds are quite significant since they can be
used to obtain a first date for the kofun. Numerous



fragments of Sue pottery (TK209 and TK217) have
been found which date back to the Late Kofun
period, or second half of the 6th - first half of the
7th century, which would confirm the dating of the
kofun itself coming from the grave goods that were
damaged during the looting activity.

In addition to these, fragments of Haji pottery were
unearthed, also dating back to the same period as
the Sue pottery.

INTERPRETATION

At the present stage, the data from the field activity
have allowed setting up a first interpretation relating
to Tobiotsuka Kofun.

The chronology of the kofun goes back to the
Late Kofun period, from the end of the sixth to
the beginning of the seventh centuries. This fact
is confirmed by the unearthed pottery, especially
that of Sue type, found in different layers in the
burial chamber. Excavation of the earthen mound
at two external trenches revealed that sandy
layers and highly compact silty layers alternated.
These alternating layers measure at least 10 cm in
thickness and are key to understanding how the
mounded tomb's earthen mound was constructed.
Based on the position of the mound base found in
these two trenches, the size of the round tomb can
be reconstructed to 23 m in diameter.

LANDSCAPE ARCHAEOLOGY

The fieldwork activity has extended to an analysis of
the arrangement of the kofun in the Okayama area
and how and why this changed over the course of
the Kofun period.

Thanksto survey and the use of satellite technologies,
itwas possible to identify many kofunin the Okayama
area. As shown by the satellite image, during the
Early Kofun period, mounds (in red) dotted the hills
and riverside areas of what is now the urban area
of Okayama City, following a pattern (also noted
elsewhere) for which the kofun were built in visible
points and along the land and river communication
routes, as symbols of power and warning for those
who entered the area.

Between the Middle and Late Kofun period, however,
there is a shift towards the west (blue and green dots
on the map) and kofun became smaller and more
hidden. This change may be related to the various
social changes accompanying the construction of
the truly monumental Zozan and Sakuzan mounded
tombs to the west of Okayama City.
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BE-ARCHAEO Geophysical Survey

A geophysical survey was implemented at Tobiotsu-
ka kofun aiming to detect through a non-destructive
process the existence of archaeological features in
the sub-surface, information crucial to design the
excavation strategy.

After visiting the site and examining the topograph-
ic plan of Tobiotsuka kofun, a geophysical, non-de-
structive survey with Ground Penetrating Radar
(hereafter GPR) was applied. The GPR data was ac-
quired at the outer part of the burial mound and
also inside the burial chamber.

40 parallel lines reaching a total of 500 m length were
drawn up over the mound and 38 inside the cham-
ber, covering floors, walls and the ceiling, reaching
161 min length.

From this, profiles of the sub-surface were gathered,
first in a 2D map, where different colours represent
different features in the subsoil. As in a common
Xray, each plan with different colours tells archaeol-
ogists, even before starting the excavation, what is
buried in the soil. These plans - real time slices - were
then combined with Tobiotsuka Kofun 3D images al-
lowing a better understanding of how Tobiotsuka
Kofun, the stone chamber and earthen mound, were
built.

In 2019, Ground Penetrating Radar data obtained in
the field was then analysed in a complex processing
step, using appropriate software such as the GPR-
Slice software (Goodman et al, 1995, 2004). Data
editing, topographic correction, depth conversion is
some of the standard procedures that had to con-
vert radio waves transmitted to the subsoil into an
intelligible image of the different objects and mate-
rials lying beneath the surface.

Pavlos Sotiropoulos

GPR at Tobiotsuka kofun reveals just how significant
the entrance area of the burial chamber is, where
stone slabs or other compacted material may pave
the entrance floor, and just how interesting the floor
near the back wall of the chamber may be, according
to the important anomaly detected at 0.7 m depth
and 2m in length.

Here, in the radargram (an image of the subsoil
points where the echo of the wave reflects), the
anomaly may be related to a solid rock body or soil
disturbances that interrupted the continuity of the
emitted signal.

The Be-Archaeo team has also had the chance to
merge GPR and 3D Tobiotsuka Kofun digital models
into a several depth slices map. Using this extraor-
dinary time-travelled document, it was clear Tobiot-
suka Kofun construction started at 2.6 m with the
linear rock construction of the chamber as it is today
followed by a circular rock feature at the central part
of the mound, near the surface at a depth of about
0.5-1m.

However, only further field work and archaeological
excavations in those areas will establish exactly the
nature and the origin of those anomalies identified
by GPR.
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BE-ARCHAEO
Database and Software Tools

Recent archaeological investigations rely on digital
archives. To improve the reflection on the interpre-
tation methods and to be transparent on the con-
clusions reached by the scientists, video recordings
make an initial sense during the excavation, daily
reports are archived through web-based interfaces,
data base entries store all sorts of information, from
the immediate informal notes to the documented
conclusions that rely on laboratorial analyses. The
documentation listed above, deployed by archaeol-

Pavlos Sotiropoulos
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ogists during fieldwork and interpretation phases,
can also be accessed later and support the discovery
of new knowledge (Hodder 1999; Olsson 2016). Fur-
thermore, it can be customised for the exhibition of
materials to general audiences.

According to some authors “excavation is digitiza-
tion” (Roosevelt et al., 2015): practices that witness
advances in archaeological site activities, photo-
grammetry and 3D survey of volumes to produce
the digital twins (namely a virtual representation
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of an object or system), information collection and
curation to improve the project notes and the digi-
tal objects, sharing knowledge in digital format, un-
til the contribution of algorithms to interpretation,
and, eventually, of virtual visualisation to dissemina-
tion. Information will thus be immediately available
to all researchers in the project, not only in the field
but also in labs or museums, all over the world.

The Be-Archaeo Projectis born-digital, and as a result
it implements a Digital Data Curation workflow that
manages the digital assets from the initial research
question to the exhibition of the results. All the in-
formation is stored in an online database (https://
bearchaeo.unito.it/omeka-s); at the same time, all
the digital twins are stored in a database-linked on-
line repository. These virtual objects, together with
the database information concerning the same ar-
tefacts, are then used for the dissemination pro-
cess, and used in several applications with diverse
devices. Currently, there are two implementations of
dissemination. The first is a web site (left), handled
through the Content Management System Omeka-S,
which provides a backend for the researchers to fill
their entries on the excavation site and the laborato-
ries and supports the publishing of multiple public
websites based on the same database (in particular,
the English and the Japanese version, respectively).
The second (right) is a virtual reality installation in
a CAVE (a.k.a Cave Automated Virtual Environment),
namely a fully immersive system for visitors consist-
ing of multiple screens that display stereo images of
Tobiotsuka Kofun and handheld devices for point-
ing, selection, and navigation.

Be-Archaeo brings two innovations to the digital ap-
proach to Archaeology. The first is the inclusion of
the archaeometric data within the digital represen-
tation (Lombardo et al. 2022). Archaeometric data
are the result of the archaeometric investigations
into some object. Acknowledged as an essential and
integral part of Archaeology, Archaeometry (relying
on disciplines, such as Physics, Chemistry, Biological
Sciences, Anthropology, Geological Sciences), con-
sists of developing and applying natural scientific
methods and concepts to the solution of cultural-his-
torical questions. Archaeometric data, that result
from the acquisition, processing, and interpretation
phases, are stored in the database and linked to the
archaeological data of the interested objects. For ex-
ample, the pottery fragment SH1, has been scanned
with an electron microscope, generating digital im-
ages; images are algorithmically processed to reveal
a surface coating depleted in aluminum trioxide; fi-
nally, the researchers interpret a number of similar
findings from different artefacts and conclude sup-
port for the hypothesis of a common manufacture
or provenance. Storing all these data in the database
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allows other researchers to trace back the reasoning
and verify the scientific investigation.

The second innovation is a unique workflow, called
digital data curation, centred on the database, and
involving all the digital materials, namely the archae-
ological and archaeometric data together with the
digital twins. The digital twins are the result of the
survey, through photogrammetry (Douglass et al.
2017), of the excavation findings at Tobiotsuka Kofun
as well as of selected findings from the warehouses
of Okayama University and Shimane Prefecture (in
particular, from Minamikata, Mount Daisen, Kamien-
ya-Tsukiyama and Tatetsuki sites). The digital twins,
with their descriptive metadata, allow the stakehold-
ers to directly manage the totality of the project ma-
terials. Thus, the database directly contributes to the
exhibition by providing access to the digital objects
(e.g., in the simulation for the CAVE installation).

The Be-Archaeo project promotes a semantic organ-
isation of the data, adhering to the Semantic Web
and Linked Data initiative. Semantic representation
responds to the need for connecting the archaeolog-
ical datasets, which are currently isolated from one
another. This need is expressed as a semantic in-
teroperability, concerning the sharing of structures
and terminology. In this scenario, the Semantic Web
approach can provide a solution to the sharing of
data, particularly for the transdisciplinary efforts,
as the collaboration of Archaeology and the diverse
archaeometric disciplines. All the digital data pro-
duced by the project are reachable through a URI
(Uniform Resource Identifier, such as the “http ..."
addresses). Every item that is mentioned in the proj-
ect can thus be reached on the web, and the exter-
nal items that Be-Archaeo introduces into the proj-
ect are linked through the same mechanism to their
original definition. For example, when Be-Archaeo
classifies an artefact in a specific typology, namely
Sue ware (a Japanese ceramics style), the term is
directly linked (through the URI http://vocab.getty.
edu/page/aat/300018645) to its definition in the Get-
ty AAT (a.k.a Art and Architecture Thesaurus), one of
the best-known shared vocabularies in the world.
The Be-Archaeo database aims at being interlinked
with all the relevant knowledge sources on the entire
web.

In fact, the general knowledge is connected to other
web resources and similar projects through the ref-
erence model alignment. CIDOC-CRM, which is the
Conceptual Reference Model of the International
Committee of DOCumentation, a committee of the
international Council of Museums (ICOM). In prac-
tice, the CIDOC-CRM model provides a reference for
all the relevant concepts in cultural heritage, and
Archaeology particularly. For example, the concept
of Stratigraphic Unit (soil stratum or human made



features) where some artefacts are found, is already
modelled by CIDOC-CRM and is adopted by Be-Ar-
chaeo; on the contrary, the new concept of Archae-
ometric Data Processing is developed in Be-Archaeo

for the first time and, since it is published with the
Semantic Web Languages, it could be adopted by
other projects in the future.
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BE-ARCHAEO in the Lab

In the framework of the Be-Archaeo project, many
different scientific investigations have been car-
ried out to try to answer specific questions related
to archaeological finds, obtaining many interesting
results. Besides all the work done by Be-Archaeo
researchers on the soil of Tobiotsuka Kofun, on the
plants and microbiological community of the mound
and on absolute dating of some archaeological
finds, which are discussed elsewhere in this volume,
a large part of the effort of the archaeometric team
has been devoted to investigating, through the vari-
ous equipment of a scientific laboratory, the archae-
ological finds made by inorganic materials such as
pottery, glass and metals. This has been done by a
set of procedures, including invasive (i.e. with sam-
pling) and non-invasive (i.e. without sampling) tech-
niques in order to characterise the raw materials
used, to investigate provenances and to disclose the
technical procedures in producing the ancient arte-
facts. Both Japanese and European laboratories and
museums have been involved in these analyses, de-
pending on the available equipment, sometimes at
Okayama University or at the laboratories of the Shi-
mane Prefecture Board of Education. On occasion,
portable equipment has been moved from Europe to
Japan, while in other cases the necessity to use pro-
tocols or procedures set up and tested in the Euro-
pean laboratories, required to move the samples far
away from their home to be studied at the University
of Torino or at TecnArt, in Italy.

Among artefacts that are crucial to Yayoi and Kofun
periods burial practices, glass beads from different
collections and archaeological sites have been anal-
ysed in order to determine the glass type, colorants,
opacifiers and production techniques used by Yayoi
and Kofun societies. A first selection of samples
came from Nima 6tsuka Kofun, in the Kurashiki area
(Okayama Prefecture). Here, the beads found in the
stone chamber were made mostly of glass, but ex-
amples made of silver, jasper, crystalline quartz, am-
ber, soapstone and clay were also found. The glass
beads also included five eye-beads (tombodama),
two round beads (about 16 mm in diameter) and
1103 small beads (about 4 mm in diameter) coloured
blue (two shades), green (two shades), red, orange
and yellow. Among all these samples, 68 glass beads
have been considered for non-invasive investigation
with optical microscopy (OM), Fiber Optics Reflec-
tance Spectroscopy (FORS) and X-ray fluorescence
spectroscopy (XRF). In addition, nine micro-frag-
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ments and a further red fragmentary glass bead also
dated back to the Late Yayoi to Kofun periods from
the Zanmochi site (Shimane Prefecture), mounted
as polished sections, were analysed by Scanning
Electron Microscopy coupled with Energy Dispersive
X-ray Spectroscopy (SEM-EDS) to obtain information
on the composition of the glass and details on opac-
ifiers. This information, connected with previous sci-
entific studies on this topic, clarified provenance and
highlighted trade routes of imported glass beads
during the Yayoi and Kofun periods.

As for pottery, another main part of the funerary
items, different archaeometric questions and issues
have arisen during the project and many approach-
es have been applied to answer them. The presence
of pottery made from different clays in the same
burial site was scrutinised with several instrumental
approaches to define clays texture and composition.
Starting from the photogrammetric acquisitions of
the 3D models, passing through the petrographic
examination, the determination of elemental com-
position, up to archaeomagnetic investigations.
Sherds of pottery pedestals found on the Tatetsuki
mound (Kurashiki City, Okayama Prefecture) and
fragments from archaeological sites in Shimane Pre-
fecture, namely Ueno, Zanmochi and Ishidai, were
analysed that revealing common features and high-
lighting differences in the structure and composition
of the used clay. Some features of the pottery were
linked to different clay outcrops, shedding light on
the ancient ways of procuring particular raw mate-
rials to produce particular types of artefacts. These
samples also provided an opportunity to compare
invasive and non-invasive approaches, to devel-
op new procedures and to link quantitative results
from different techniques/labs. As an example, the
sherds have been considered for non-invasive X-ray
imaging, both digital radiography (2D) and Comput-
ed Tomography (3D), with the main objective of de-
veloping a procedure that can allow retrieving some
of the information deriving from electron and opti-
cal microscopes on thin sections to image the dif-
ferent characteristics of the samples (e.g. minerals,
porosity, etc.). These microscopes are very common
and widely used, but they require the sampling and
treatment of the fragment - a destructive approach
not possible in many occasions. An optimised meth-
od has been developed, aimed at obtaining this in-
formation by micro-CT through a non-invasive ap-
proach, relying on suitable spatial resolution. The
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possibility to obtain the details of the internal part
of the ceramic fragments emerged, highlighting for
example the presence of different types of materi-
als, distinguishable by different grey levels in the im-
ages. Moreover, it is possible to obtain data on the
internal porosity of the material, such as the size of
the voids and their possible directionality, which can
give valuable information on the techniques used
in the making and firing of the pottery, which may
be related to different traditions in ancient Japan’s
pottery making. For instance, the shape of the voids,
which is detected though a non-invasive approach
in the pottery by Computed Tomography, testifies
to how the clay was worked by the potter. Another
important piece of information is the dimension and
shape of inclusions: a unique distribution found in
a set of archaeological finds means different pro-
cedures and/or raw materials employed to obtain
them.

Metal finds have also been considered in the archae-
ometric investigations: mainly finds from Tobiotsu-
ka Kofun excavated during the Be-Archaeo project.
These have been analysed and compared with other
materials from contemporary kofun, with the main
objectives of recognising the typology of object, the
composition, its state of preservation and the pres-
ence of alterations due to the long burial of the piec-
es. For these reasons, both imaging, elemental and
phase techniques have been employed, allowing to
detect some iron nails corroded due to the burial
conditions of the artefact.

Another aspect that is closely related to the scientif-
ic analyses in the lab, even if it starts from the very
beginning of the archaeological excavation, is the
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proper conservation of archaeological findings. Of-
ten this is an underrated aspect, because of the poor
interaction among archaeologists, archaeometers
and restorers in the archaeological site. This does
not necessarily mean that an archaeometer and a
restorer should always be present in the excavation
site, but that a continuous interaction is essential to-
day, not only to avoid the risk for the artefact conser-
vation itself, but also to avoid the risk of influencing
or misreading the results of analyses. Suitable ma-
terial will be used to pack the archaeological finds,
and conservation treatments will foresee possible
archaeometric investigation on the artefact. As for
conservation, the use of an unsuitable adhesive
on site to keep fragments together may cause se-
vere problems in future conservative interventions.
The definition of a correct standard procedure and
a list of suitable materials for each operation to be
performed on site has been one of the goals of the
Be-Archaeo project.

All the data obtained is uploaded in the Be-Archaeo
open database that is freely available online for
anyone interested in studying these materials and
knowing more about ancient Japan and all the sci-
entific methodologies now available to study past
societies and their developments. Even if many in-
teresting results have been obtained, certainly the
most important achievement was the fruitful collab-
oration established between the European and the
Japanese teams that will endure even after the end
of the Be-Archaeo project.

Alessandro Re
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BE-ARCHAEO Time

INTRODUCTION TO THERMOLUMINESCENCE

Fulvio Fantino

DATING TECHNIQUE

One of the main tasks in the Be-archaeo project is to
better define the chronology of Japanese pre- and
proto-histories - Yayoi and Kofun periods - by means
of scientific techniques. Thermoluminescence dat-
ing (hereafter TL) technique is undoubtedly one of
the most powerful tools to reach this goal. This tech-
nique exploits the properties of certain materials to
produce light emission when heated at high tem-
perature (above 450 °C), since the amount of light
emitted is proportional to the age of the last firing
of the sample. Consequently, the higher the light
emitted, the higher the TL signal and older the ob-
ject from which the sample has been taken. Indeed,
when a material such as pottery is produced, the
firing process resets the TL signal to zero. Starting
from this event, physical phenomena due to radio-
activity, from the natural radioisotope content of the
material and from its surrounding environmental,
will produce a TL signal that increases over time.
Therefore, this technique allows dating archaeolog-
ical finds such as bricks, pottery vessels or ceramic
coffins, precisely the type of archaeological material
expected to be found in kofun like Tobiotsuka.

Materials found in excavations will be send to the
laboratory, where after appropriate chemical prepa-
ration, a minimal part of the of the object - an ali-

DOSIMETRIC CAMPAIGN

quot of about 1 gram - is extracted, then heated and
its light emission recorded. In this way, the so called
‘natural thermoluminescence’ of the artefact is ob-
tained. Other aliquots of the sample are then irradi-
ated with a radioactive source of known intensity, in
order to compare their TL signals (obtained after the
artificial irradiation) with the natural one. This pro-
cedure is known as the ‘additive dose method’, since
a certain dose of radioactivity is added artificially
to the natural dose acquired by the material over
time. The comparison of the signals (glow curves) by
means of mathematical methods allows determin-
ing the equivalent dose measured in Gray (hereafter
Gy), and enables quantifying the radioactivity dose
acquired by the sample starting from the last firing
(paleodose). In order to perform an accurate dating
of an artefact, other kinds of measurements are nec-
essary, in particular, the annual dose’ has to be cal-
culated by measuring the environmental radioactivi-
ty of the place where the artefact was found (e.g. the
excavation soil) and the radioactivity of the material
constituting the object.

Bearing in mind the importance of the environmen-
tal radioactivity value, one of the goals of Be-Archaeo
project was to produce better knowledge of this im-
portant parameter for some archaeological sites in
the two Japanese Prefectures involved in the project
(Shimane and Okayama Prefectures). Moreover, the
knowledge of the mean value of the environmental
radioactivity for these two areas of Japan could be
very useful as a reference in future authentication
studies of potteries discovered in the past in these
two Prefectures and belonging to museums or pri-
vate collections (and for all those potteries that are
decontextualized). For this reason, in the summer
of 2019, some dosimeter capsules containing some
crystalline materials capable of recording the envi-
ronmental radioactivity were positioned for a range
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of 58-77 days in three different archaeological sites.
Then, in laboratory the environmental radioactivity
recorded by these crystalline materials was mea-
sured and the range values obtained from each ar-
chaeological site are shown in Table 1.
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Furthermore, four pottery samples recovered at
Ueno site (a Yayoi archaeological site in Shimane
Prefecture) was been investigated by means of ther-
moluminescence dating technique.

4 to 7 aliquots of material were sampled from each
artefact, in order to carry out the powder selection by
means of the fine grains procedure and to measure
the paleodose by applying the additive dose method
(including the measurement of the supralinearity).

Figures 4 and 5 show some examples of thermolu-
minescence curves (or TL glow curves) obtained for
each sample: the black one related to the natural
thermoluminescence of the artefact (natural TL) and
the other three related to the obtained signals by ir-
radiating the samples with different artificial doses
(i.e. known beta irradiations).

Table 2 reports all the measurement results for the
calculations of the final ages, in particular:

* paleodose, taking into account the mean value
obtained from all the considered aliquots of the
same object;

* annual dose, obtained by measuring the envi-
ronmental radioactivity of the place where the
artefact was found and radioactivity of the mate-
rial constituting the object.

Moreover, it is worth highlighting that:

+ the presence of anomalous fading was verified
after 53 days, it is absent for all the samples and
therefore there was no signal loss during the
‘life’ of the samples.

* the environmental dose was measured by plac-
ing the dosimeters at Ueno site for 58 days.

Comparing the values of paleodose and annual
dose, the age for each sample was calculated and
reported in Table 3. These ages are compatible with
a production of these samples during the Yayoi pe-
riod.

Note

' Radioactivity dose absorbed by the sample in one year

( Archaeological site Environmental dose range (Gy/century)
Shinpon Tatezaka mound 0.13-0.15
Tobiotsuka kofun 0.11-0.16
L Ueno mound 0.08 - 0.11 )

Tab 1. Environmental dose range values for each archaeological site involved in the project
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( Paleodose Environmental | Annual dose ( Age Age
(Gy) dose (pGy/year) (HGy/year) (BP) (AD)
Ueno 8 3.67+0.22 898+45 1980+80 Ueno 8 18531120 167+120
Ueno 9 4.56+0.30 89845 2790+130 Ueno9 | 16341130 | 3861130
Ueno 10 7.54+0.34 898145 3890+160 Ueno 10 | 1939+110 811110
kUeno 11 5.731£0.46 898+45 34201170 kUeno 11 16751150 345+150 )
Tab 2. Results of the measurements Tab 3. Age results
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BE-ARCHAEO Landscape

Soils, the upper part of the Earth's surface (roughly
1-2 m below our feet) are part of the landscape, al-
though they cannot always be seen without specif-
ic investigations and digging. Soils form with time
from a geological substrate and, during their long
development, are affected by environmental condi-
tions, for instance by rainfall and vegetation, and by
their changes.

If undisturbed by human activities or natural events,
soils can reach an equilibrium with the local environ-
ment that is responsible for the huge variety of soil
forms that can be found on Earth.

A pedologist, a scientist who studies soils, recognis-
es soil types at first sight, through the presence of
different and overlapping layers (soil horizons). Soils
can be distinguished in the field because of macro-
scopic differences in colour, structure, among oth-
ers, which reflect differences in chemical and phys-
ical properties: dark layers at the surface indicate
the accumulation of organic matter from vegetation
debris and soil meso and microfauna; light-greyish
colours provide evidence of the removal of iron in
conifer forests or because of waterlogging; the for-
mation of calcium carbonates or sulphates testifies
to dry conditions that may no longer be present.
Because soil characteristics are long lasting, the soil
can keep traces of already vanished past landscapes.

As part of the team in archaeological excavations,
the pedologist looks for anomalies, of human and/
or natural origin, with respect to the expected soil
type. While this can be easy in some environments,
at the Tobiotsuka kofun, field pedology was not inci-
sive enough to show soil anomalies since soils in the
area are not yet fully developed, and the equilibrium
has not been reached. Modern pedology, however,
has other more powerful tools that may give clues
on what is not visible to the naked eye in the field.

Chemical analyses, such as the quantification of the
amounts of carbon and nitrogen in soil horizons, are
among the simplest, but one of the most interesting.
These analyses provide information about soil buri-
al, since carbon and nitrogen tend to decrease as the
depth grows. Firstly, pedologists collect soil samples
during archaeological excavations, and fire them
at very high temperatures (around 1000°C). Then,
the organic carbon from the soil is released as gas
at high temperatures, and the amounts of gas are
determined through chromatographic techniques.
Undisturbed soils should present a depth trend re-
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flecting carbon and nitrogen decrease. Therefore,
small variations in this expected trend can hint at the
burial of former superficial layers.

X-ray fluorescence techniques also allow investigat-
ing the total elemental composition of the soil layers
and, again, depth trends in element ratios indicate
whether the soil material is homogeneous or if in-
stead discontinuities are present.

At Tobiotsuka kofun, the elemental composition of
some soil layers of the mound suggests that they
might have a different origin from the site bedrock,
perhaps from the nearby alluvial fields where soil
can easily be excavated. Ancient people probably
faced a question when building the mound. What is
it better to take soil from nearby areas that can be
easily dug but needs transporting, or to excavate the
shallow soils around the kofun with difficulty? Fur-
ther investigations are needed to solve the problem.

In addition, microbial communities - bacteria and
fungi - that are present in sediments can give pre-
cious clues about past human activities in the Tobi-
otsuka kofun. Ecologists, indeed, have documented
that the history of a soil, on determining its content
and type of organic matter, may influence for mil-
lennia the composition of its microbial communities.
In particular, they observed that anthropic soil layers
can host microbial markers of the occurrence of cer-
tain molecules, which can be associated to certain
space usages (e.g. keratinolytic fungi indicate the oc-
currence of keratin deposits, associated with ancient
domestic animal shelters or storage sites for textile
materials). Waste piles, fireplaces, manure practices
- as possible examples - were all shown to leave rec-
ognisable microbial signatures.

Nutrient availability is a major driver of the composi-
tion of microbial communities in soils, including bac-
teria and fungi. These latter can live in association
with higher plants (symbiotrophs) or act as degrad-
ers of dead organic matter (saprotrophs). In both
cases, each microbial species may show a higher
or lower specialisation with respect to certain plant
hosts. Accordingly, a soil layer may contain gener-
alist microbial species, or species usually associated
with the roots of a certain plant or closely related to
the availability of certain organic molecules as nutri-
ents. In this regard, the occurrence of specialised mi-
crobial degraders can inform us about the availabili-
ty of their usual target substance, either in recent or
in ancient times.



In the case of the Tobiotsuka kofun, investigations
on soil fungal communities were innovatively used
to ascertain information obtained from geophys-
ical analyses on a potential boundary between the
original hill and the (backfill) soil material, likely
put in place to shape the mound. A total of 59 soil
samples collected from different archaeological soil
layers within the burial chamber and from the ko-
fun mound were characterised with respect to their
fungal diversity by molecular analyses. In particular,
a metabarcoding approach was used, which entails
extracting DNA from each soil sample and sequenc-
ing in parallel the nuclear ribosomal regions of all
the obtained fungal DNA, which can thereafter be
used as barcodes to assess the presence of different
species. The analyses of data required taking into ac-
count the potential influence that the current forest
vegetation in the Tobiotsuka site may exert on the
microbial communities. In any case, the abundance
of fungi, the distribution of trophic groups (sapro-
trophs vs. symbiotrophs) and that of certain species
along soil profiles, suggest a discontinuity at a depth

of 35-45 cm along the kofun mound, likely marking
the burial of an ancient upper soil layer. Such find-
ing was also supported by trends in macronutrients,
generally endorsing the hypothesis of a boundary
between the original hill and backfill deposits sug-
gested by the geophysical survey. An additional clue
derived from the recognition of a dominant fungal
group - Ascomycetes - in the upper soil layers of the
kofun mound, which seemed unusual for the forest
environment surrounding the kofun, where a dom-
inance of Basidiomycetes fungi was expected. Such
finding, combined with the fact that Ascomycetes
are usually dominant in agricultural soils, including
paddy soils, suggests that the upper layers of the
soil profile may be considered backfilling soil materi-
al obtained from adjacent areas.

In order to support such findings, further analyses
of microbial communities and pedological features
have been planned, also extended to the bacteri-
al component and encompassing control samples
from terrains surrounding the Tobiotsuka kofun.
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Kofun, Burials and Social
Pathways

Mariana Diniz, Elisabetta
Colla, Diana Nukushina

Kofun Period

The Kofun period (c. 250 - 700 AD) is a phase of the
protohistory of Japan characterised by the construc-
tion of monumental burial mounds (kofun) of differ-
ent sizes and shapes with a stone chamber and cor-
ridor inside. In the burial chamber, inside a wood or
clay coffin or lying on a stone floor, the body, weap-
ons, jewellery and fine pottery, were deposited.

Some of these mounds are among the most massive
prehistoric/protohistoric monuments known in the
world. The Kofun period is traditionally divided into
Early (250-400 AD), Middle (400-500 AD) and Late
(500-700 AD) phases (Mizoguchi, 2017). During this
period, inter-regional exchanges increased in scale
and density. Raw materials, together with other
prestige items, had begun to circulate. The rapid de-
velopment of social complexity and hierarchy, which
culminated in the formation of the ancient Japanese
state, was stimulated by the expansion of rice paddy
field farming through the development of agricul-
tural technologies, notably with the introduction of
iron implements from the Korean peninsula.

In addition to the archaeological findings, written
documents from the Nara period, provide important
information about this era, such as the emergence of
landlords and landladies, who expressed their power
amongst other things through their funerary monu-
ments. The oldest known written sources on the Ko-
fun epoch and previous Yayoi times are the Chinese
chronicles. In Japan, a few centuries later, sources
such as the Record of Ancient Matters (Kojiki - 712)
and the Chronicle of Japan (Nihon shoki - 720), also
provide valuable information on this period. These
two masterpieces of Japanese literature are consid-
ered the first historical chronicles sponsored by the
Japanese court and contain many legends from this
epoch. Inscribed wooden tablets (mokkan) and the
gazetteers (fudoki) are other examples of Japanese
written sources and provide detailed accounts of lo-
cal stories.

So far, kofun have been found across most of the
Japanese archipelago, except for Hokkaido and the
Rydkyd Islands (Mizoguchi, 2017). Although they
are typically known by their iconic keyhole shapes,
several kofun were also constructed in the shape of
a simple round or square mound. The kofun phe-
nomenon is considered to reflect the increased so-

cial stratification and the emergence of elites with
close interaction and shared burial customs and ide-
ologies between different regions, notably in West-
ern Japan and the Western portion of Eastern Japan
(Barnes, 2018). The distribution, density and varia-
tion in shapes and sizes of the kofun in the Japanese
archipelago reflected the political powers and chief
rankings (Imamura, 1996). Even we have no precise
number, around 160000 kofun are estimated with
dimensions ranging from an impressive 500 m in
length to the more modest of 10 m in diameter. It is
considered that the Kinai region (present-day Osaka,
Kyoto and Nara Prefectures), with a concentration of
the largest keyhole shaped kofun mainly during the
Middle Kofun phase, became the constant religious
and political centre of the Archipelago with strong
authority (the Yamato court). However, large kofun
were also built in other areas, such as the Kibi re-
gion (roughly the present-day Okayama Prefecture),
indicating that some of the regional polities were
autonomous, replicated the political structure of the
centre. The immense efforts - beyond the construc-
tion of Kofuns - reflects an overall situation of so-
cial and regional emulation and a competition that
would soon go on to be crushed by an emerging
centralised power.

The tradition of burying in big tumuli ceased by the
end of the 6" century in most parts of Japan, with
the exception of the Kanto plain (Mizoguchi, 2017),
where it endured for some time. Between the late 6%
and late 7t centuries, the construction of clusters of
small sized tumuli became widespread. During the
mid-6™" century, Buddhism had started to proliferate
from the Korean Peninsula towards Japan, represent-
ing a major shift in religious belief and also in burial
practices. The building of kofun then fell into dis-
use. All the prestigious items surrounding the dead
- some of them with exotic provenances - and the
monumental nature of the kofun were gradually re-
placed by cremation introduced by Buddhist beliefs.
The position that the kofun had occupied in Japanese
landscapes was then replaced by monumental public
buildings (Buddhist temples, palaces and administra-
tive complexes) and the Taiho ritsuryo legal structure
(701 AD) represented, for the majority of research-
ers, the end of the Kofun period (Hudson, 1999).
Centralisation of governmentduring the seventh cen-
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tury - the gunshu-fun period - witnessed a marked
growth of the iron and salt-production in some re-
gions of the archipelago (Mizoguchi, 2017), produc-
tions that were controlled by local groups (quilds),
who interacted with the Yamato court. During this
phase, the court-centred power assigned specialised
roles in governance to the elite of different clans (Sa-
saki, 2013). At the beginning of the eighth century,

The importance of Kibi region during the Kofun
period

Kibi, which encompassed the present-day Okayama
Prefecture on the northern coast of the Seto Inland
Sea, was a dominant area during the Kofun period.
The inland sea at Kibi (called Kibi no Anaumi) had
considerable importance on the West-East circula-
tion route in the Seto Inland Sea. It is believed that
the centrality of the Kibi region in the circulation of
goods was at the roots of the development of this
region during the Kofun period (Niiro, 2005).

Kibi has been occupied since the Jomon period. How-
ever, it was during the Yayoi period (800 BC - 250 AD)
that it became an important political centre together
with those of Kinai, Izumo and northern Kyashg, a
role that it continued to play during the Kofun pe-
riod (Kameda, 2018). During the Yayoi period (if not
before), Kibi, as testified by the ‘port-of-trade-type
settlements’, had become a strategic point in the
maritime network that connected mainland Asia
with the Japanese archipelago. Archaeological evi-
dence suggests that interactions between southern
Kyushu and Kinki region through the Inland Sea cor-
ridor would have been controlled by seafarers from
Kibi (Kameda, 2018).

The construction of burial mounds in Kibi dates back
to the Yayoi period. Tatetsuki site, located in Kurashi-
ki city (Okayama), is a collective funerary monument
attributed to the second century (Late Yayoi period)
with a circular main mound - almost 50 m in diame-
ter - and two extensions on the ground as a stage to
perform funerary rites. It corresponds to the largest
Yayoi burial mound known in Japan. The Yayoi col-
lective, familiar-type burial mounds were gradually
replaced by more individual monuments (with 1-4 in-
dividuals) of the Kofun period, a tendency that also
seems to have occurred in other regions in Japan
(Matsugi, 2011). The keyhole-shaped tombs are con-
sidered to have resulted from the evolution of these
earlier mounds with projections.

In the second half of the third century and the first
half of the fourth century, Kibi became the region
with the largest kofun monuments after Kinai re-
gion (Matsugi, 2011). Large keyhole-shaped burial
mounds with more than 100 m length were con-
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one sees the founding of the ancient state of Japan,
with the development of a Chinese-style monarchy,
the establishment of a court-centred hierarchy of
status and authority, the enhancement of a network
of provinces and districts, the consolidation of a new
religious system and funerary practices, which led to
the effective end of the Kofun society.

structed in Kibi, especially in the Bitchu area (cen-
tre of Kibi region). Huge keyhole-shaped kofun
with round rear mounds, such as Tsukuriyama site,
Okayama city (the fourth largest kofun in Japan of
approx. 350 m in length) and Tsukuriyama site in
Soja city (the tenth largest kofun, of approx. 282 m
in length) were constructed in the Middle Kofun pe-
riod. The construction of these large keyhole tumuli
is clear evidence of the importance achieved by Kibi
and its elites, powerful leaders able to aggregate
communities (and workers) to construct large kofun
(Niiro, 2005; Mizoguchi, 2017). It is worthwhile to re-
call the impressive numbers estimated to finish the
Daisen Ryo Kofun in Osaka: 2,000 people/8 hours
work every day for 16 years (Pearson, 2016: 33).

Some authors consider, despite the expansion of
Yamato power into other regions by the end of the
fourth century, that Kibi was outside the Kinai-core
domain and enjoyed a certain independence at least
until the mid-fifth century AD (Nagayama, 1937).
Several hypotheses have been suggested concern-
ing the construction of large kofun in Kibi: compe-
tition between Kibi and Kinai regions through the
construction of large kofun, or perhaps Kibi became
politically dominated by Kinai's elites. According to
Izumi Niiro, the similarities of the techniques/styles
applied on the construction of the tombs and other
archaeological evidence indicate that specialists had
moved from Kinai to Kibi (Niiro, 2005: 113).

From the second half of the fifth century, kofun tend-
ed to become smaller in Kibi, although their number
increased, and the distribution of the sites became
more widespread in the region. By the end of the
sixth century and during the seventh century, the
construction of kofun became rare and finally came
to an end, as observed in other regions apart from
Kinai. It is believed that the political elites of Kibi re-
gion were finally incorporated into Kinai region at
this moment. Funerary monuments, up to then the
most important way to express social power, would
soon go on to lose their function as local elites lost
their roles as powerful figures. As in other places of
the Northern hemisphere, pre-state societies have



used burial rites and monumental stone and earth
constructions to reflect and reproduce social ranks
through architecture.

However, even after its subjugation to Yamato, Kibi
maintained its regional identity as testified by the
archaeological remains (Nameda, 2018). Despite its
later chronology, attributable to the end of the Late
Kofun period (Okayama Daigaku Kokogaku Kenky-
ushitsu, 2019), it is evident that Tobiotsuka kofun's

Reconstructing funerary and ritual landscapes
from Kofun period

The Japanese archipelago has suffered from pro-
found changes in the landscape, notably due to
geomorphological alterations (intensified by major
earthquake/volcanic activity, typhoons and other
natural disasters), climatic alterations, as well as in-
tensive human intervention. The reconstruction of
past funerary and ritual landscapes is therefore not
an easy task for most prehistoric and protohistoric
sites in Japan. Ritual landscapes are palimpsests of
several activities: a kofun is not an isolated monu-
ment; it belongs to a complex landscape, where
each element has a specific symbolic significance.
To better understand this symbolic meaning, a mul-
tidisciplinary approach is needed, not only towards
the monument itself and its content, but also to its
surroundings. Religious practices and rituals raise
many different questions that Archaeology alone is
not able to answer.

The mounded tombs of the Kofun period served as
a symbolic place: they reproduced the world’s order
and the social hierarchies of that time. Rulers, chief-
tains and elite members were indirectly involved in
the construction of the tumuli, since the aggrega-
tion of communities and workers was needed. The
construction of the tumuli itself played a significant
role in promoting the status of the deceased and the
choice of their successor (Mizoguchi, 2013: 270). Fu-
nerary practices of the Kofun period clearly mirrored

occupant/occupants had lived in a very crucial re-
gion, which had played an important political role
and a strategical position in long-distance maritime
connections, from prehistoric times onwards.

Excavations at Tobiotsuka kofun are not finished yet,
but glass adornments, fragments of metal weapons
and fine pottery such as Sue ware have already been
retrieved in the burial chamber.

the progressive deification of the rulers (or his/her
sacred origin), an aspect that is also conveyed by the
latter term matsuri-goto, which represents a com-
bination of religious ceremonials and the imperial
rites (Migaku, 1970). The material culture of the Ko-
fun period is also an important element that reflects
both the mastery of local manufacturing and the
commercial exchanges between Japan, China, South
and Southeast Asia. An example of funerary goods
with evident transcultural characteristics are haniwa,
terracotta objects that were placed on the top of the
kofun (Matsumoto; Bessho; Tomii, 2016). Anthropo-
morphic and zoomorphic (especially equine) haniwa
present adornments and other accessories, most of
which exotic in taste, adopted by local elites. In this
context, there is an evident connection between rit-
ual offerings, funerary practices and succession cer-
emonies. Kofuns, where the ritual space and the fu-
nerary burials are bound together, are special spaces
arranged in a way that allow to understand the de-
ceased's affinity to local communities, but also their
social pathways, whose origins can be searched far
away following the commercial channels of the so
called “Silk routes”.

Today, kofun are still considered sacred places, a
crucial part of Japanese identity and heritage. To dig
in Tobiotsuka Kofun was a tremendous privilege that
Be-Archaeo researchers will never forget.
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And Beyond Be-Archaeo?

As a methodological project, designed with the Re-
search and Innovation Staff Exchange (hereafter
RISE) aims in mind, the main outcome of Be-Archaeo
has been to define a transdisciplinary practice, that
apart from the specific case study of Tobiotsuka ko-
fun in Soja city, Okayama Prefecture, could be ap-
plied to any kind of archaeological or archaeometri-
cal investigation in the East or in the West.

The geophysical survey and excavation of Tobiotsuka
Kofun, by a Japanese - European team and the trans-
disciplinary analysis of data retrieved, raised several
and still open questions. The answers will come from
the network of research collaborations established
during the secondments, both in Europe and in Ja-
pan, in particular the involvement of PhD students in
early stages of their researches, will last beyond the
end of Be-Archaeo project. In particular, the investi-
gation of micro-organisms of the archaeological site
and the correlation of species distribution with the
stratigraphy seems very promising, and may be ap-
plied to the investigation of other kofun.

The outlook of Be-Archaeo is also based on the sec-
ond pillar of this project, the database. The heart of
Be-Archaeo practice has infused the database struc-
ture, that may be employed analogously in other ar-
chaeological contexts. In particular, the web-based

Eliano Diana

interface makes Be-Archaeo database easily usable,
and several researchers have shown interest in
adapting it to other kinds of archaeometric problem
(like the ongoing investigation on Chinese pottery of
Tang period). This exhibition, The Tale of Be-Archaeo
- between Science and Tradition, held in the Shi-
mane Museum of Ancient Izumo was also planned
as a major output of this project. Conceived as a
platform where Be-Archaeo results could be shared
with the public, moving beyond the traditional walls
of the academic environments, the Be-Archaeo ex-
hibition and Be-Archaeo social networks represent
a step further in Europeans goals, making science
available to all.

Apart from the specific research results, the
main goal of European Union Horizon 2020 Marie
Sktodowska-Curie Research and Innovation Staff Ex-
change action is the cross-fertilization of capacities,
research approaches and methodologies through
the exchange of researchers between partners.

The enrichment obtained by those 68 researchers
actively participating in Be-Archaeo over 4 years, has
been of great value and opened new approaches to
collaborative work, the main heritage that will last in
the future.
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BE-ARCHAEO Images Xk

BE-ARCHAEO in the Field BE-ARCHAEO iR

Fig. 1 Tobiotsuka kofun mound and Tobiotsuka kofun entrance, E1 BEREFHEOEREAZEDAO.EABXHAGHEED (FLELE

marked by a massive stone bloc (Soja city, Okayama prefecture). ) o

Fig. 2 Be-Archaeo archaeological team digging Tobiotsuka kofun B2 BEZFRHIEDE T t AEZESBe-ArchacoZ H¥EF—L

mound and Tobiotsuka kofun stone chamber.

-
S

BizensKlrumazuka Kofun EK

Fig. 3 Kofuns location around Okayama city af-
ter Isekiwalker (http://www.isekiwalker.com/),
Nara National Research Institute for Cultural
Properties. (https://sitereports.nabunken.go.
jp/ja), data from the University of Okayama and
from Be-Archaeo team archaeological survey - in
the map the kofuns with a code name.

H3 B ENOEEOMLE - ERO®EHEICIED
—RZ—LAMFVTVET,

B A4 —H— (http://www.isekiwalker.com/) «
Z= B XML BARAZEFR (https://sitereports.nabunken.
go.jp/ja) AL AFEE L UBe-ArchaeoF—LDE
HERAEICES -
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BE-ARCHAEO BE-ARCHAEO
Geophysical survey HERYDIEF T

Fig. 1 Photo during data acquisition at the wall of the stone cham-
ber inside Tobiotsuka kofun.

H1 EREHIEOAEER COREZEM .
Fig. 2 Ground Penetrating Radar (GPR) grid at the Tobiotsuka Ko-
fun mound.

E2 ERFHEOSMURS DML —H— (GPR) - TR,

Fig. 3 3D image of the GPR for the depth of 31.2 m with the GPR
grid lines. Fig. 4 3D image of the GPR isosurface at the Tobiotsuka kofun

mound - revealing the image of the subsurface archaeological
B3 GPRYw RIGEEMAIC LB R E31.2X— MLOGPRIRIER Y FD3D  Structure.

Bt 4 EOIMAIERS I 5513 5 GPREMBEDIDE R, SEE 13 FHRIED
REIDRTE=RITCRRLIEHDTY,

BE-ARCHAEO BE-ARCHAEO
Database and software tools TFT—=ENR—RE)TTTT

Fig. 1 Be-Archaeo database - BeA Sueki pottery record sheet
Title  AFs4 linked with Getty Research Institute Thesaurus.

Description Sueki pottery, fragment of haso shape (?), is a part of a neck, with small inclusions of quartz
(SU 205 layer).

E1Be-Archaeo T —ZR—ZXDEERDELERK- TV TrHEFAD>

AFnumber 54 V=22 LTWEY .
AF BE- Pottery:Vessel:Unglazed_stoneware_(sekki)
ARCHAEO

AF Getty- Sue (ceramics style) [+]
AAT

CHRONOLOGY  6th-7th centuries
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Archaeological - —

Findings 3D scan, Photogrammetry, ... Digital twins repository
TR 7L _@ 3D models

My - =4 — .
Site i Documentation —ma . Videos,
Fragment of “ \ — images,
edged jar == { =
gedl Shared DB _ T

VR System ) ion | N

h Mobile interface

3D printing + &
% Projection mapping +
GIS referred map interaction

4/s

Fig. 2 Workflow of Be-Archaeo database: from excavation to B2 Be-Archaeo7T —ZR—RDT— I T7O— FEEHS5T—FRX—XIZ
dissemination through the database. LBIBEHMREFEET,

Fig. 3 General overview of the BeA-Virtual Reality System.

B3 Be-Archaeo T —ZN—XDEMEKG -N—FvILUT VT4 AT Lo

BE-ARCHAEO in the Lab = cH|TB3Be-ArchaecoD;EE

Fig. 1 Japanese and European researchers analyzing glass beads ~ Bl1 SEM (£) ¥FORS () THZRE—X%Z 7192 HMOMFEET=5,
by SEM (left) and FORS right).

SEM: EEEE FIBMER (Scanning Electron Microscope) (& &#HIE  FORS: 77 N\—ATT1v IR [R50 (Fiber Optic Reflectance
FRELUTTREZRRI 2. BFDNFEMREZ (TIMIEHRE  Spectroscopy) lFHT7AN—%BLTHEERRAICBHEL.ZOR
NETSY gi FADRRI MO SEER AR EDHEE - FENTE 3 6
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E2 +3B0oIERILAR (A RAEAFEMER L L) L1277 -~/
KF (B:ICP-OES.FFEFEE T TARRENDIERY) TERESNEL
=8

Fig. 2 The analysis of pottery has been carried out both at the  |CP-OES :ICP 3¥9 ¥4 #72E®E (Inductively coupled plasma opti-
University of Okayama in Japan (e.g. polarized optical microscopy,  cal emission spectrometer ; ICP-OES) & D 7ILI > TSI EHEN
on the left) and at the University of Turin in Italy (e.g. ICP-OES, 3¢EY L CERL AN LTERICLERBEAZSSAVICEATZIET
Induced Couple Plasma Optical Emission Spectroscopy, on the  FTERBEHDIRIRLERNLSE EDTENEDLSVHBIHEFN
right). BILNTES,

Fig. 3 A pottery shard during X-ray imaging acquisition (top); x-ray B3 Xi#EEHR DL EOWA (L) XREE (£ F) HERZEKR (BT
radiograph (bottom-left) and tomographic slice (bottom-right) .

BE-ARCHAEO Time BE-ARCHAEO FE¥fi

Fig. 2 Dosimeter capsule inside
a lead box.

2 SR ARBADREST LT
Lo

Fig. 1 The three archaeological sites involved in the dosimetric Bl Z)LIxyt > ZERAEDT=HDBRAFERE ZIT o723 D0DE
campaign: 1- Shinpon Tatezaka mound, 2- Tobiotsuka kofun,  Bf. 1- FIARIIRE R E 2- BERHRGE 3- LEFEN.
3- Ueno site.
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Uano9 Fig. 3 The four samples discovered in Ueno mound and investi-
gated by means of thermoluminescence dating.
B3 Byt ZERREICSIoTHRESN4DDHEE (EFE

| Ueno 8 '
in side

. BF) o
out side out side in side
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Fig. 4 Examples of thermoluminescence (TL) glow curves: beta E4 #JLIRyt> X (TL) J/'O—BIROG) : R —ZHREEETH S EEFE S
irradiations were performed in the range 3-9 Gy for the sample ~ DFE#I8 (f) I&3~95 L (Gy) . &EEI9 (B) IF4~127 L (Gy) DEH
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Fig. 5 Examples of TL glow curves for the samples Ueno 10 and ~ BI5 LEFEBFD&E10 K\\%‘:ﬁ*ﬂll@TL?f‘_El—Hﬁﬁ@@Jiﬁ%‘ﬁH rH8
Ueno 11: beta irradiations were performed in the range 8-24 Gy ~ ~247L (Gy) DEE TR —ZFRADTHONELT,
for both the samples
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BE-ARCHAEO Landscape

BE-ARCHAEO SRR —7 (BEM)=

Fig.1 From the field to the lab: Be-Archaeo pedologists analysis,
from soil samples collection in Tobiotsuka kofun mound to Uni-

versity labs.

Fig. 2 From rocks to soils - Tobiotsuka kofun soils
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Fig. 3 Preparing soil samples from Tobiotsuka kofun in the University of Okaya-
ma during 2019 Be-Archaeo field campaign.
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Fig. 4 From soils archives’ - fungi communities recorded in the earth from

Tobiotsuka kofun.
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Kofun, burials and social
pathways

LEGER HREESH

Late Kofun

Fig. 1 Approximate location of Tobiotsuka kofun on a map showing
the size differences among the largest tumuli of individual regions
across the Japanese archipelago in the Early, Middle, and Late
Kofun periods (adapted from Mizoguchi, 2017, fig. 34.18).
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Fig. 3 Location of Tobiotsuka kofun.
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Fig. 4 Tobiotsuka kofun entrance and inside.
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Fig. 2 Chronological changes on the kofun burial mounds located
near Tobiotsuka kofun (adapted from Okayama-ken Kodai Kibi
Bunkazai Center, 2021, fig. 13).
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Fig. 5 Reconstruction of a kofun burial, including some of the
most frequent grave goods in these sites (iron swords, glass
beads, sue and haji pottery), which were also found in Tobiotsuka
kofun. Illustration by Carolina Cortés.
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