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Obsidian Provenance by Trace-Element Analysis:
Analytical Techniques, Standardization, and the
Prospects for Data Sharing
by
Michael D. Glascock and Jeffrey R. Ferguson
University of Missouri Research Reactor Center

The analysis of the compositions of trace elements in

obsidian is a proven methodology that is being used
extensively around the world for provenance investiga-
tions on obsidian artifacts. Studies of obsidian artifacts
are useful for investigating long-distance exchange,
discovering prehistoric migration patterns, identify-
ing political boundaries, and recognizing the preferred
sources. The analytical techniques used most frequent-
ly to study the trace elements in obsidian today include
neutron activation analysis (NAA), X-ray fluorescence
(XRF), and inductively coupled plasma-mass spec-
trometry (ICP-MS) . All of the analytical methods ap-
plied to obsidian require some form of standardization
before the data are useful. Standardization makes the
data collected by different analytical techniques consis-
tent and data from different laboratories compatible for
data sharing.

This presentation will explain the advantages and
disadvantages of these analytical techniques when ap-
plied to obsidian. It will also describe the methods used
to standardize and produce consistent data. The pros-
pects and requirements for data sharing through devel-
opment of a uniform database will also be discussed.

Determining Obsidian Source Groups in Complex
Regions:
The Use of Multiple Analytical Methods
by
Jeffrey R. Ferguson and Michael D. Glascock
University of Missouri Research Reactor Center

Data from obsidian sources is often among the cleanest
compositional data archaeometrists encounter, however,
some areas of the world have undergone complex vol-
canic histories resulting in numerous and often over-
lapping source compositional groups. The Central Rift
Valley of Kenya is such a region. Following the first
two years of intensive and extensive field collection,
we have isolated over 40 distinct compositional groups
from the analysis of 500+ source samples using neu-
tron activation analysis (NAA). There is little spatial
overlap among the compositional groups samples and
most sources are limited to areas just a few kilometers
in maximum dimension. The limited spatial distribution
of the sources is ideal for the study of procurement
patterns and the development of distance-decay curves
in the study of artifacts from the region.

We have analyzed the same 500+ samples by X-ray
fluorescence (XRF) in an attempt to achieve composi-
tional differentiation by source using a technique that
will not require destruction of artifacts. It is possible to
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differentiate a majority of the sources using XRF, but
there are a number of sources from dispersed regions
that require NAA to assign to a specific source. The
preliminary XRF data from a number of large artifact
assemblages suggests the presence of a number of
sources not yet sampled and the need for further field-
work.

Rather than focus on the behavioral implications of
raw material use, this discussion focuses on the multi-
tiered method of isolating chemical variability using
NAA, combining some spatially overlapping groups,
and further combining geographically adjacent groups
with compositional signatures indistinguishable by
XRF. This multi-tier and multi-method approach maxi-
mizes information about source variability and use

while minimizing both cost and artifact destruction.

Paektusan Volcano Source and Geochemical Analysis
of Archaeological Obsidians in Korea
by
Jong Chan Kim
Accelerator Mass Spectrometry Laboratory
Seoul National University

Paiktusan obsidians are most frequently found in Pa-
leolithic sites in Korean penninsula. However, before a
recent Russian study about these obsidians appeared,
they were hardly recognized as Paiktusan origin. The
difficuly for this recognition was largely due to the ab-
sence of source materials.

In 2005, Popov et al. (ref. 1) published a paper of
Paektusan obsidian geochemical study classifying
them into 3 distinct groups, namely PNK1, PNK2, and
PNK3. This scheme fits well for the provenance of
Korean Paleolithic obsidians as described in our paper
presented in IPPA Manila conference (ref. 2).In a re-
cently published paper about Gigok obsidians by Cho et
al. (ref. 3), the obsidians were assigned to an unknown
sources. However, taking into account of a variability
of a single element, Rb concentration by weathering,
one can show that these obsidians also belong to PNK1
and PNK2. A cluster analysis supports this conclusion.
Despite this success , there still remains an outstand-
ing problem with regard to PNK1 type. Though there
are many circumstantial evidences supporting that this
obsidian group originates from Paiktusan, it still has
to be located and identified at the source. PNK2 and
PNK3 were confirmed by analyzing geological samples
collected from Korea-Russian Joint Field Trip in 2007,

but PNKI1 type materials have not been found yet.
Based on our previous PIXE analyses of few ele-
ments such as Mn, Fe, Zn, Sr, Rb and Zr, , we have con-
cluded that Shinbuk Paleolithic site ,which is located at
the southernmost part of Korean peninsula, contained,
in addition to Paiktusan obsidians, some obsidians,
probably originated from Kyusu area ,Japan. In order
to consolidate this conclusion it will be worthwhile
in the future to do more element analyses for both
Shinbuk obsidians and Japanese obsidians. For this,
we have investigated the feasibility of the LA-ICP-ms
which is non destructive. The results were satisfactory
within normal variability and laser ablation left a bare-
ly visible mark on the surface of the obsidian artifact.

REFERENCES:
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Results of Geochemical Study on the Basaltic
Glasses form Shkotovo Plateau and Obsidian
Samples from Paectusan Volcano with Various
Methods, INAA, ICP-MS, and PIXE-PIGME
among Different Laboratories
by
Vladimir K. Popov and Andrei V. Grebennikov
Far East Geological Institute, Vladivostok

Studying of geochemical structure of volcanic glasses
is spent by means of various methods - instrumental
neutron activation analysis (INAA ore NAA), proton
induced X-ray emission-proton inducted Gamma-ray
emission (PIXE-PIGME), X-ray fluorescence (XRF),
and inductively coupled plasma-mass spectrometry
(ICP-MS) . The choice of a method of studying is de-
fined as tasks in view (geoarchaeology, geochemistry,
petrology) , and possibilities of research group. Results
of analytical researches of one object, spent with use
by various methods, not always coincide among them-
selves. However for the decision of problems of archeol-
ogy and petrology use of various methods is a neces-
sary condition. So for studying archaeological obsidian
NAA and PIXE and XRF methods are the most con-
venient. For petrological researches important use ICP-
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MS of a method - it has high test-sensitivity method
and the widest spectrum of defined elements. There-
fore for reception of correct conclusions under the data
received by various analytical methods and in different
laboratories, standardization and search of the general
"universal" elements which show good convergence are
necessary and are suitable for sharing.

Results of geochemical studying and use on the
basaltic glasses from Shkotovo Plateau and obsidian
samples from Paectusan Volcano with various meth-
ods, INAA, ICP-MS, and PIXE-PIGME among different
laboratories will be stated on presentation.

Geochemistry of Volcanic Glasses and Strategies
of Search for Still Unknown Obsidian Sources
on Kamchatka Peninsula (Russian Far East)
by
Andrei V. Grebennikov and Vladimir K. Popov
Far East Geological Institute, Vladivostok

The geological history of Kamchatka is connected
with grandiose volcanic events. During the period
with Eocene on the present extended volcanic belts on
Sredinny range, East and Southern Kamchatka have
been generated. Many volcanoes have been generated
at eruption of acidic magmas - dacite and rhyolite com-
position. Obsidian sources are located in such construc-
tions. In territory of Kamchatka a considerable quanti-
ty of monuments of times of a Late Paleolite - the Iron
Age is known. Archaeological studying of monuments
has shown that products from obsidian prevail over
other stone tools.

More than 30 obsidian sources are known now on
Kamchatka. Only some of them are accessible to study-
ing. Within 2005-2009 we have collected an extensive
collection of including 400 geological and archaeological
samples. Michael D. Glascock (University of Missouri
Research Reactor Center) has spent their studying
with the neutron activation analysis (NAA) and X-ray
fluorescence (XRF). A some amount of samples has
been studied inductively coupled plasma-mass spec-
trometry (ICP-MS) and K-Ar date by methods in labo-
ratory of analytical chemistry and laboratory of stable
isotopes of Far East Geological Institute Far East
Branch of the Russian Academy of Sciences.

16 geochemical groups geological and archalogi-
cal obcugmana with use of the correlation analysis
and construction of binary diagram’s are established. 6
sources archaeological obsidian are revealed. Defining

of sources for other samples of archaeological obsidian
is the most difficult problem in the given research. We
have developed search strategy still unknown obsidian
sources for these groups. It is based on results of geo-
chemical interpretation of volcanic glasses and K-Ar
dating of important obsidian samples. Results of geo-
chemical interpretation and search strategy also will
be discussed.

Geoarchaeological Aspects of Obsidian Studies
in the Russian Far East and Brief Comparison
with Neighbouring Regions
by
Yaroslav V. Kuzmin
Institute of Geology & Mineralogy,

Siberian Branch of the Russian Academy of Sciences,
Novosibirsk

Obsidian provenance studies began in the southern
Russian Far East in the 1980s, and most actively since
1992 by our group (including the Institute of Geology
& Mineralogy, Novosibirsk, and the Far Eastern Geo-
logical Institute, Vladivostok, both in Russia; and the
University of Missouri Research Reactor Center, Co-
lumbia, MO, USA) and other scholars. The study of ob-
sidian provenance gives Northern Asian archaeologists
a powerful tool for the independent evaluation of their
empiric model of prehistoric migrations and exchange.
Today, the most important sources of archaeological
obsidian on the mainland (Primorye and the Amur
River basin) and insular (Sakhalin Island and Kurile
Islands) parts of the region are securely established.
The exploitation of obsidian by prehistoric people of
the Russian Far East began in the Upper Palaeolithic,
ca. 19,000-18,000 BP, and continued until the Palaeo-
metal/Early Iron Age (ca. 3000-2000 BP) ; obsidian
was most intensively used as a raw material in the Up-
per Palaeolithic and Neolithic times.

Several long-distance transportation/exchange/trade
networks have now been reconstructed in the Russian
Far East in terms of obsidian. The most important of
them are: 1) a source on the Basaltic Plateau in south-
ern Primorye, used by prehistoric people in Primorye,
the lower Amur River basin, and neighbouring North-
east China (Manchuria) ; 2) a source on the Obluchie
Plateau in the middle course of the Amur River,
utilised by populations of the entire Amur River basin;
3) a source at the Paektusan Volcano on the Chinese/N.
Korean border, exploited by people in the Korean Pen-
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insula, Primorye, and Manchuria; and 4) the Shirataki
and Oketo sources on Hokkaido Island of Japan, used
by inhabitants of Hokkaido, Sakhalin Island, Kurile
Islands, and the lower Amur River basin. Distances be-
tween sources and utilisation sites reach 1000-1200 km
in a straight line during the Neolithic and Palacometal
times (ca. 13,000-2,000 BP) . Intensive transport of
Hokkaido obsidian to Sakhalin and the Kuriles across
the sea straits allows suggesting the existence of wa-
tercraft since the Early Holocene, ca. 10,000 BP.

It is clear now that active human migrations have
existed in Northeast Asia since the Upper Palaeolithic.
The northern part of the Russian Far East (Kamchatka
Peninsula and Chukotka) is another promising region
for international (Russia, Japan, and the USA) geo-
archaeological research in terms of locating obsidian
sources and prehistoric human migrations/contacts.

Method and Problems of Obsidian Artifact Sourcing
by X-ray Fluorescence Analyzer
by

Tarou Kannari*, Masashi Nagai*?,

and Shigeo Sugihara®
*I- Meiji University Cultural Properties Lab.
*2- National Research Institute for Earth Science

and Disaster Prevention

**- Meiji University

Obsidian is natural glass and one of the most suitable
materials to make stone tools because a sharp edge
can be easily obtained by flaking a pebble. There are
many volcanoes on the Japanese archipelago, where
obsidian is abundantly produced. We define the rela-
tively limited locality where obsidian is produced as
obsidian producing “point”. The major obsidian produc-
ing points amount to more than 100 in Japan, of which
approximately 50 can be extracted as an appropriate
point where produces obsidian with few spherolites and
phenocrysts suitable to make stone tools. Herein we
refer to such extracted points which should be worked
in the Stone Age as “obsidian source”. Generally obsid-
ian has a specific chemical composition depending on
its source volcano and its eruptive stage as well in case
the volcano erupted repeatedly. Consequently the dif-
ference of chemical composition can be used to classify
obsidian by its source point.

In Japan, analysis of archaeological remains should
be carried out by non-destructive method in principle
from the viewpoint of cultural properties protection.

Analysis of obsidian artifacts is no exception, and the
non-destructive analysis by Energy Dispersive X-ray
spectroscopy (EDXRF) is predominant. In EDXRF
measurement, X-ray intensity fluctuates according to
the condition of samples and aged deterioration of ana-
lytical instrument. There are two methods of sourcing
obsidian artifacts taking into consideration of X-ray in-
tensity fluctuation. One is Warashina and Higashimura
method (1988) applying Hotelling's T2-test with inten-
sity fraction variable and the other is Mochizuki meth-
od (1997) by scatterplots and discrimination analysis
of intensity fraction. It is demonstrated that both meth-
ods using intensity fraction are effective for analysis of
different shape and size of samples with thickness and
scale variation (Higashimural986, Mochizukil997) .
Mochizuki method has been validated by the quanti-
tative analysis by Wavelength Dispersive X-ray spec-
trometer (WDXRF) using the glass bead sample and
calibration curve (Shimano et al. 2004) .

For sourcing obsidian artifacts, first we created
a database of obsidian producing points in the Japa-
nese archipelago, which were classified into “areas”
by geomorphological and geological properties. Then
we defined some groups of obsidian producing points
as “series” for a reference to determine the source of
obsidian artifacts, after examining obsidian samples
produced in diverse “areas” from the standpoint of vol-
canic geology (ex. geologic information, petrographic
and geochemical analyses etc.) .

We prepared more than 10 pieces of obsidian sample
of each series (on an average 30 pieces for each se-
ries) , which were measured by EDXRF in order to es-
tablish a database as a reference for sourcing obsidian
artifacts. We adopted Mochizuki method for sourcing
obsidian artifacts, in which the parameters used were;
Rb fraction (hereinafter referred to as Rb#) defined
as Rb intensity % 100/A, Sr fraction (Sr#) defined as
Sr intensity X 100/A, Zr fraction (Zr#) defined as Zr
intensity X 100/A, Mn intensity X 100/Fe intensity and
Log (Fe intensity/K intensity) , where A = Rb intensity
+ Sr Intensity + Y intensity + Zr intensity. For sourc-
ing obsidian artifacts we used two scatterplots, which
were Rb# versus Mn intensity X 100/Fe Intensity and
Sr# versus Log (Fe intensity/K intensity) , as well as
discrimination analysis.

A strong point of this method using EDXRF is non-
destructive analysis which does not require any sample
preparation before analysis and also allows simultane-
ous measurement of multiple elements by EDS that
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reduces the total analysis time. This is very efficient
method to analyze a large amount of stone tools ex-
cavated in a site. Moreover the sample chamber of
EDXRF usually has wider space in comparison with
other analytical instruments, which increases flexibility
of both size and positioning of samples. On the other
hand, it is difficult to compare the analytical values ob-
tained by different instruments even if the same model
or by different research institutes still more because
the absolute intensity value depends on the analyti-
cal instrument. In addition, reconstruction of database
should be required at every accident of instrument
such as X-ray tube trouble.

As described above, although it has both strong and
weak points, we consider that EDXRF is a very effec-
tive tool to understand Stone Age society from view-
point of resources usage in Stone Age. At this moment,
we think that Mochizuki method is the most preferable
way not but that there is alternative.

Warashina, T. and Higashimura, T. 1988, Sekki genzai no
sanchi bunseki [Sourcing of raw material of stone imple-
ments]. Koukogaku to kanrenkagaku[Archeology and
Allied Science], pp.447-491.

Mochizuki, A. 1997, Identification of Sources of Obsidian
Found in Chuubu and Kanto Districts by X-Ray Fluores-
cence Analysis. ADVANCES IN x-RAY CHEMICAL ANALY-
SIS JAPAN, 28, pp.157-168.

Higashimura, T. 1986, Sekki sanchi suitehou [The Way of
Sourcing Stone Implements]. New Science Co, 89p.

Shimano, T., Ishihara, S., Nagai, M., Suzuki, N., and Sugihara,
S. 2004, Hacho bunsangata keiko X-sen bunseki sochi
ni yoru nihon zenkoku no kokuyoseki zengan teiryo
bunseki [The analysis of obsidians in Japan using glass
beads by Wavelength Dispersive X-ray Fluorescence
Analyzer]. JAPAN SOCIETY FOR SCIENTIFIC STUDIES ON
CULTURAL PROPERTIES 21 MEETING PROCEEDINGS,
pp.140-141.

Identifying the Sources of Archaeological Obsidian in
Chubu and Kanto, Japan, by EDXRF Analysis
by
Nobuyuki Ikeya
Numazu City Cultural Heritage Research Center

Introduction and Short History of Identifying the Ob-
sidian Sources

This paper presents the analytical method of identify-
ing the obsidian sources by energy-dispersive X-ray

fluorescence (EDXRF) and its applied instance of Mt.
Ashitaka and Mt. Hakone (Figure 19 in Japan.

Masao Suzuki started identifying obsidian sources
by archeological chemistry in Japan. He used the fis-
sion track dating for sourcing obsidian by geological
eruption ages (Suzuki 1969), and then adopted the
instrumental neutron activation analysis (INAA)
(Suzuki et al. 1983) . Tetsuo Warashina and Takenobu
Higashimura attained an extensive work on the char-
acterization of obsidians from nearly 100 geological
sources in Japanese archipelago, using 11 elements
and these ratios (Ca/K, Ti/K, Mn/Zr, Fe/Zr, Rb/Zr,
Sr/Sr, Y/Zr, Nb/ Zr, Al/K, Si/K) by EDXRF analysis
(Warashina and Higashimura 1983) .

In 1994 Akihiko Mochizuki and Nobuyuki Ikeya de-
vised new four indicators [Rb X 100/ (Rb+Sr+Y+Zr) ,
Mn % 100/Fe, Sr x 100/ (Rb+Sr+Y+Zr) , log (Fe/K)]
and scatter plot based on EDXRF trace element studies
(Mochizuki et al. 1994) . Because of some advantages
of EDXRF analysis that are non-destructive, fast and
cost effective, many archaeological researchers offered
A. Mochizuki to analyze obsidian artifacts. He has
been identifying around 10,000 samples by scatter plot
and multivariate analysis every year. “The Determina-
tion Figure Method / HJ3]X#: " named by Akihiko is
widely adopted in Japan.

Analytical Methods
The samples of obsidians were analyzed using ener-
gy-dispersive X-ray fluorescence spectrometer SII
SEA2110L (M. Mochizuki) or SII SEA2110 (N. Ikeya) .
(1) System of equipment and measurement condition
X-ray tube target : Rh (Rhodium) ; Voltage settings:
50kV; Current: Automatic setting; Detector: Si (Li)
Semiconductor detector; Analysis aria: 10mm, 3mm;
Measurement atmosphere: Vacuum; Measurement time:
300 live seconds
(2) Elements traced by the system
The system enabled us to measure reliable eleven ele-
ments below. Al, Si, K, Ca, Ti, Mn, Fe, Rb, Sr, Y, Zr.
(3) Determination Figure Method / ¥J§J ¥ (Hanb-
etuzu-hou) and statistical analyzes
Based on above elements (cps.) , we calculate following
four indicators to identify the sources. The use of ra-
tios helps to compensate for the limitations due to the
range of size and thickness of samples incurred when
using non-destructive EDXRF.
Indicator 1 — Rb x 100/ (Rb+ Sr+Y+ Zr)
Indicator 2 — Mn X 100/Fe
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Indicator 3 — Sr x 100/ (Rb+ Sr+Y+ Zr)
Indicator 4 — log (Fe/K)

Two scatter plots used these indicators are shown
in Figure 2 and Figure 3. The source of each obsidian
artifact is determined by the plotted position on these
graphs. And we verified its result according to prob-
ability of statistical multivariate analysis.

(4) Sampling obsidians of sources in Chubu and Kan-
to

There are eight regional areas of obsidian sources
(source area) in Chubu and Kanto, Japan (Figure 1),
and each area contains some sub-areas (source site) .
We collected at least 30 samples from each source site.
About 1300 samples were provided for characterization
of sources. Based on the EDXRF analysis, these sam-
ples were classified into 8 Areas and 25 Groups (Table
1.

Analysis of the Obsidian Artifacts from Mt. Ashitaka
and Mt. Hakone

The south foot of Mt. Ashitaka and the west foot of Mt.
Hakone were occupied continuously by many Paleo-
lithic settlements. Volcanic ash falls from Mt. Fuji were
deposited intermittently on these gentle ridges. “The
Stone tool chronology of Ashitaka-Hakone Area” based
on such favorable volcanic ash layers is recognized as

Wada A Tateshina
(WD) 2
Wada
(Wo) Suwa
Tokyo @
A MtFuji
\=4
Mt.Hakone
Mt.Ashitaka I\ Hakone

lzu Peninsula

* Obsidian Sources
0 50km
N —

: ‘wk Kouzu Isle

Fig.1 Location map of obsidian sources in Chubu

BHEAIIZE Y v & — OGBhRL

one of the most advanced Paleolithic chronology in Ja-
pan.

We sampled all obsidian artifacts which are enough
size for EDXRF analysis (the minimum sample size is
approximately 10mm in diameter and 1.5mm thickness)
from the main sites on Mt. Ashitaka and Mt. Hakone
and already analyzed the most of them. The bar graph
in Figure 4 shows the result and transition of sources
for the cultural layers.

Discission and Conclusion

Figure 4 indicates that main obsidian sources of each
cultural layer were roughly transited as the changes
of chronological phase (Phase I - Phase V, Incipient
Jomon) and reveals that certain quantity of obsidian
were transported from Kouzu Isle across the Pacific
Ocean at the Phase I, Phase V and Incipient Jomon.
Kouzu Isle was never connected to the Izu Peninsula
during the Last Glacial Maximum. These samples of
“Obsidian across the sea” were verified by using INAA
(Ikeya et al. 2005) .

References
M. Suzuki 1973 Fission track dating and uranium content of
obsidian (I) . Quaternary Research 8. (in Japanese)

M. Suzuki et al. 1983 Basic date for identifying the source of

Area Group Abbreviations

& Fuyooraito WDHY
~ Takayama WDTY
Kobukazawa WDKB

Wada(WD) |Tsuchiyabashi-kita WDTK
Tsuchiyabashi-nishi WDTN
Tsuchiyabashi-minami WDTM

Furutouge WDHT

Takamatsuzawa WOTM

{ Wada(WO) |Budoozawa WOBD
s Makigasawa WOMS
Suwa Hoshigadai SWHD
Tsumetayama TSTY

Tateshina  |Futagoyama TSHG
Suribachiyama TSSB

Amagi Kashiwatouge AGKT
Hatajuku HNHJ

Kagiya HNKJ

Hakone Kuroiwabashi HNKI
Kamitaga HNKT

Ashinoyu HNAY

Onbasejima KZOB

Kouzushima |Sanukazaki KZSN
Sanukazaki-X KZSN-X

Amayuzawa THAY

Takaharayama Nanahirozawa THNH

Table.1 Classification of obsidian sources
in Chubu and Kanto region by EDXRF
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Fig.4 The transition of sources by the cultural layer
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Japanese) Island obsidian and a maritime voyage of the Paleolithic
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Characterization and standardization of geological
obsidian using physical and chemical appliance:
application to the archaeological obsidian artifacts
by
Yoshimitsu Suda
Center for Obsidian and Lithic Studies, Meiji University

The X-ray Fluorescence (XRF) spectrometry deter-
mines the elemental composition of materials, which
has been widely applied to the identification for the
origin of obsidian artifacts. The XRF are generally
classified into the Wave Length-dispersive X-ray Spec-
troscopy (WDXRF) and Energy-dispersive X-ray
Spectroscopy (EDXRF). The WDXRF is equipped
with dispersive crystals, thus high resolution of wave
spectra is expected. On the other hand, the EDXRF
is equipped the solid-state detectors resolution, thus
high resolution of photon energy is expected. Moreover,
the EDXRF is relatively compact compared to the
WDXRF, and the handheld type of EDXRF (PXRF) is
very suitable to use at fields. The Center for Obsidian
and Lithic Studies, Meiji University has just equipped
with the three types of XRF; 1) WDXRF (RIGAKU
ZSX Primus III+), 2) EDXRF (JEOL JSX-310011),
and 3) handheld PXRF (InnovX Delta Premium). We
are trying to establish the quantitative and semi-quan-
titative analysis for the geological and archeological
obsidian using these XRFs.

The chemical data must be presented by the abso-
lute value, such as weight per-cent (wt. %) and parts
per million (p.p.m.). This is because, the data ex-
pressed by the wt.% and/or p.p.m. is verifiable among
the different kinds of chemical appliances, such as
WDXRF, EDXRF, PXRF, PIXE, ICP-MS and EPMA.
However, in most of the case, especially in Japan, the
obsidian artifact is indestructible, therefore nondestruc-
tive analysis is generally required. Thus, it is difficult
to determine the absolute value of elements in obsidian
artifacts.

Our research project is aimed at the establishment
of the nondestructive quantitative analysis of obsidians
using the XRFs, and trying to present the absolute
value of chemical data for obsidians. To perform this
project we must start from the determination of the
chemical standards of obsidians. The standard sample
will be picked up from the following major localities of
geological obsidians: Wada Touge, Omekura, Hoshigato,
Takayama, Tsumeta-yama, Mugikusa Toge, Koshidake,
and Shirataki. Then, to estimate the standard values

for the samples the quantitative analyses by WDXRF
and ICP-MS will be performed. On the basis of the
standard sample and values, the quantitative and/or
semi quantitative data of the unknown obsidian will
be obtained by the combination of the FP method and
SQX calculation, which would become a new method of
chemical analyses of obsidians, and further will be ap-
plied to the discrimination of obsidian artifacts.

Chemical Composition and Microstructure of
Obsidians from Hokkaido Source Area: with Special
Reference to Geological and Petrological Data for
Shirataki Obsidian Lava Complex, Hokkaido, Japan
by
Keiji Wada*!, Kyohei Sano*, Masayuki Mukai*?,
Masami Izuho*, and Hiroyuki Sato™
*!» Hokkaido University of Education, Asahikawa Campus
2. Asahikawa City Museum
. Tokyo Metropolitan University
. The University of Tokyo

The chemical compositions of obsidian glasses were
determined with the electron probe micro analyzer
(EPMA) in order to specify the original obsidian
sources in Hokkaido area. We can easily indentify the
obsidian source with many data of glass compositions
from obsidian artifacts by the discrimination diagrams
such as TiO,/K,0 vs. CaO/Al,05 diagram. However,
for precise obsidian source identification it is important
to clarify the geological and petrological background
for each obsidian source area.

In Hokkaido, Shirataki obsidian is the most impor-
tant source of obsidian artifacts, which was spread
throughout not only the Hokkaido Island but also
Sakhalin, southern Kurile and northern Honshu islands
in the Paleolithic era and the following Jomon era. We
therefore studied the Shirataki obsidian to understand
the origin of these obsidians through the geological
and petrological approach.

The Shirataki obsidian-rhyolite lava complex was
formed by quenching of aphyric rhyolite magmas
(Si0,=76.7-774 wt.%) , forming the monogenetic volca-
noes consisting of 10 lavas at about 2.2 Ma. The forma-
tion of the lava complex was probably related to the
tensional field in the crust. In the Shirataki obsidian-
rhyolite field, there are many outcrops of densely com-
pact obsidian layers. These obsidians consist of glasses
(more than 98%) and microlites of magnetite and pla-
gioclase, and rarely biotite. The persistence of H,O in
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dense obsidian indicates a high super-cooling of rhyolite
magmas to transform to glass structure. The differ-
ence in microtexture of magnetite microlites among the
Shirataki obsidians such as size distribution, population
density, and aspect ratio is useful for obsidian identifi-
cation for each lava unit.

The chemical compositions of bulk-rock and glass
for Shirataki obsidian were determined by XRF and
EPMA, respectively. Shirataki obsidians are clearly di-
vided into two bulk-rock major and trace element com-
positional groups (Akaishiyama series and Tokachi-
ishizawa series) . In the FeO*-CaO diagram of obsidian
glass compositions, Akaishiyama and Tokachi-ishizawa
series compositions are subdivided into two groups re-
spectively (AK-A and AK-B, TI-A and TI-B groups) .
This analytical result shows that it is useful to identify
the precise locality source of Shirataki obsidian arti-
facts.

Reconstructing Hunter-gatherer Obsidian
Procurement Strategy:
A Case Study from the Late Upper Paleolithic Site of
Kamihoronai-Moi, Hokkaido (Japan)
by
Masami Izuho', Yuichi Nakazawa*, Fumito Akai*’,
Satoru Yamada*, Keiji Wada*, Masayuki Mukai*,
and Hiroyuki Sato*’
*1- Tokyo Metropolitan University
*2. Atsuma Board of Education
. Kagoshima Board of Education
' Kitami Board of Education
. Hokkaido University of Education, Asahikawa Campus
- Asahikawa City Museum
*"- The University of Tokyo

Objectives of systematic archaeological obsidian study
in the Upper Paleolithic on Hokkaido are clarified (1)
to demonstrate the dispersal and adaptation processes
of modern humans in Northeast Asia and its regional
variability, and (2) to provide a picture of the extended
distribution networks in the Far East to understand
how such networks were formed, as well as the sig-
nificance of obsidian exchange (Izuho and Sato, 2007;
Izuho and Hirose, 2010) .

Here we present an analytical procedure for recon-
structing hunter-gatherer obsidian procurement strate-
gies based on a case study of Kamihoronai-Moi site,
Hokkaido (Nakazawa et al., 2009; Izuho et al., 2009)
in order to contribute to objective (1), through dis-

cussing lithic raw material procurement, provisioning,
conservation, consumption, as well as its reflection of
the lithic technology utilized by hunter-gatherers who
inhabited the Paleo-Sakhalin-Hokkaido-Kurile (Paleo-
SHK) Peninsula. This method of research requires that
obsidian provenance study is applied to individual lithic
raw materials based on lithic refitting and lithofacies
discrimination methods (Yamada, 1999; Akai 2006) . It
is demonstrated that archaeologists and archaeometry
researchers must extract specimens for obsidian sourc-
ing analysis with comprehension of analytical goals and
procedures on the intra-site level.
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