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A study of the Kayano type stone arrowhead

Yutaka Daikuhara '

Abstract

The Kayano site of the Late and Final Jomon period (approximately 3500 — 2800? cal BP) is located at the base
of Mt. Haruna in Gunma prefecture in the central part of Honshu mainland. At this site, many slim arrowheads with a
stem were produced during the first half of the Final Jomon. I have tentatively named these distinctively shaped obsidian
arrowheads as “the Kayano type stone arrowhead”. This type is characterized by pressure flaking on small obsidian
pebbles weighing less than 30 grams. The Kayano site was in the eastern end of the obsidian distribution network from the
Chubu district. It is likely that the availability of small cores only was the result of the site’s marginal location. In addition,
the Kayano type stone arrowhead has not been found anywhere in the Gunma region apart from Kayano.

Studies of obsidian assemblages from settlements in the Gunma region revealed that sites in the southern part of
Gunma had rich obsidian supplies; in contrast, sites in the northern part of Gunma were poorly supplied. In the northern
part, especially east of Tone River, siliceous shale from the Tohoku district was widely used; in other words, arrowhead
production did not depend on the acquisition of obsidian. In this area, the Anzuu type arrowhead was made with local
stone or siliceous shale.

The Kayano site was a remote village situated in the eastern end of the distribution network for obsidian from the
Chubu district, and the Kayano type stone arrowhead was a reflection of these socio-economic relationships. Furthermore,
a variety of shape in arrowheads, such as the Kayano type and the Anzuu type, shows that local groups in the Gunma

region made very local types of arrowheads in response to different access of stone materials.

Keywords: the Late and Final Jomon period, the Kayano type stone arrowhead, type of stone arrowhead, distribution

network for obsidian, local groups
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Study of obsidian sources and site distributions in the
Kirigamine region of the Central Highlands, Nagano
Prefecture, Japan: Field survey report of Omegura-Kkita,
Omegura-minami, Tsuchiyazawa and Hoshigadai obsidian
sources
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Abstract

This paper presents the results of a field survey of the obsidian sources in the Kirigamine region of the central
highlands in Nagano, Japan. Our main research objective is to develop a model of the prehistoric exploitation of obsidian
sources that would correlate with the consumption patterns observed at sites distant from the sources.

In the general field survey we found both geological raw materials (nodules) and archaeological artifacts at the
Omegura-kita, Omegura-minami, Tsuchiyazawa and Hoshigadai obsidian sources. With regard to the geological raw
materials, we found them in three locations at the Omegura-kita obsidian sources, two locations at the Omegura-minami
obsidian sources, five locations at the Tsuchiyazawa obsidian sources, and six locations at the Hoshigadai obsidian
sources. As far as archaeological artifacts are concerned, we found three sites at the Omegura-kita obsidian sources, two
sites at the Tsuchiyazawa obsidian sources, and two sites at the Hoshigadai obsidian sources. These sources seem to have
been used during the Upper Palaeolithic and Jomon periods as indicated by the tool types found in situ. The obsidian
sources and archaeological sites were distributed along the Wadatoge and the Takayama volcanic rocks. The results shed
new light on obsidian distribution and procurement patterns at the obsidian sources of the Kirigamine region. Our future

goal is to continue to create a more complete map of obsidian sources and archaeological sites.
Keywords: Kirigamine region; obsidian sources; sites distribution; field survey
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XRF analyses of major and trace elements in silicate rocks
calibrated with synthetic standard samples

Hidehisa Mashima ™

Abstract

This paper describes techniques for calibrations of XRF analyses for major and trace elements in rock samples using

synthetic standard samples. For major element analyses, standard samples were mixtures of pure reagents including

analyzed elements. For trace element analyses, SiO2 and Si02-TiO2-CaCO3 were used as major element matrices.

Reagents including trace elements were stepwisely diluted with flux (Li2B40O7). In spite of the compositional ranges of

synthetic standards larger than those of natural rocks, calibration curves obtained in this study have high correlation

coefficients and accuracies. Analytical results of JGS geochemical reference samples using obtained calibration curves

show significant differences with their recommended values in several elements such as Y, Cr, Zr, Ni and V, which

indicates that the recommended values of these elements have inaccuracies. Potential factors of the inaccuracies, such as

earlier-generation experiments in the data set, are also discussed.

Keywords: X-ray fluorescence (XRF), the synthetic standard method, the diluted-flux method, JGS geochemical reference

samples

Introduction

A dense database of geological and archeological
obsidian is important for understanding of the relationships
between natural resources and humans in the prehistoric
period. In order to make a global obsidian database, precise
analyses of rock samples are required. X-ray fluorescence
spectrometry (XRF) is the method most frequently used for
determinations of major and trace elements in silicate rock
samples. A popular technique of the XRF calibration for trace
element analyses in rock samples is that using commonsense
values of geochemical standard samples (GRSs). However,
developments of analytical methods other than XRF such as
ICP-MS revealed that commonsense values of some elements
such as Y are systematically different from analytical values
determined using ICP-MS (e. g. Jochum and Jenner, 1994;
Robinson et al., 1999), which is considered to be results of
inaccurate XRF analyses calibrated using earlier-generation
GRSs as standards.

In order to avoid systematic errors caused by inaccuracies of

GRSs compositions, some laboratories calibrated XRF using

synthetic samples made of reagents (Ichikawa et al., 1987;
Mashima, 2002; Mori and Mashima, 2005). The synthetic
standard method is adequate for making a global obsidian
database since analytical results obtained from this method are
independent of inaccuracies of GRSs compositions.

In this paper, I describe techniques of XRF calibrations
using synthetic standard samples. Calibration curves for
major and trace elements obtained using the synthetic
standard method have high accuracies. Analyses of JGS GRSs
using calibration curves obtained in this study revealed that
recommended values of some trace elements would have
significant inaccuracies. Potential factors causing inaccurate

recommended values of JGS GRSs are also discussed.
Weighting conditions

A semi-micro analytical balance, A&D GH200, was used
for weighting of reagents. Preciseness of weighting, one of
the most important factors of the XRF calibration, depends
on environments of experiments. Various factors, such as
oscillation of the balance and static electricity charged on the

sample, can cause weighing errors. At the start of this study,

1 Center for Obsidian and Lithic Studies, Meiji University, 370-8, Daimon, Nagawa-machi, Nagano 386-0601, Japan

%  Corresponding author: H. Mashima (hmashima@meiji.ac.jp)



H. Mashima

Table 1 Reagents used in this study

5.010
Drying conditions
50% humidity discharged Reagent  Assay Manufacture emeratre duration
5008 emperature duratio
" SiO2 99 Wako 1000 (°C) 10 (min)
50% humidity
= Al203 99.9 Wako 1000 10
k=g
g 5.004 20% humidity discharged Fe203 99.9 Wako 600 30
MnO:2 99.5 Wako RT RT
20% humidity
5.002 MgO 99.9 Wako 600 60
CaCOs 99.9 Wako 600 60
5.000 — T T T T Na2CO3 99.8 Wako 600 60
0 2 N ° 8 10 K2CO 99.5 Wak 600 90
Duration (min.) S : axo
Figure 1 Duration changes in flux weights KPOn Wako 600 %
Sc203 99.9 Wako 600 60
NH4VOs3 99 Wako 600 RT
however, provisions of these factors were insufficient. The
) Cr 99.5 Wako 600 RT
balance was put on a plywood-working table and exposed
to strong air current caused by an air conditioner and large NiO 99.9 Wako 600 60
temperature difference between the inside and the outside Rb2SO4 99 Wako 600 60
of the building. Since the laboratory is located at high SrCOs 99.99 Wako 600 60
Ititude about 1400m, the air is st ly dry. The humidit
altitude abou m, the air is strongly dry. The humidity V205 99.99 Wako 600 60
of the laboratory was often lower than 30 % even though
conventional humidifiers were used, which charged strong Zr02 98 Wako 600 60
static electricity on samples. Because of these factors, the Nb20s 99.9 Wako 600 60
weighting results were unstable. BaCOs 99.9 Wako 600 60
In order to get stable we.ighting rc.:sullts, I took seve.ral LixBsOr 99.9 Merck 600 60
measures. The balance was laid on a weighting table, Sartorius
Lil 99.9 Kojundo RT RT

YWTO09, to minimize interfering vibration and flexure of the
table. Air currents from the above and sides of the balance
were broken by panels. The humidity of the laboratory was
kept at around 50% to reduce electric charge of the sample
and the operator during experiments. An increase of humidity,
however, can cause weighting errors since reagents used
in this study have moisture absorbency. For example, the
weight of flux continues to increase even 10 minutes after
the balance becomes steady (Fig. 1). Rapid weighting after
the balance becomes steady therefore is required to make
uncertain weighting error small. The static electricity was
removed with corona discharge of the sample on the balance
using a static eliminator, A&D AD-1683. Elimination of
static electricity also makes removal of reagents from a charta
ease. These provisions enabled us to get stable weighting
results. Weighting results at the earlier stage of this study,
however, could include errors caused by inadequate weighting

conditions.

Standard sample preparations

Standard samples for calibrations were synthesized from
highly pure reagents shown in Table 1. Standards for major
element determinations are mixtures of SiO2, TiO2, Al203,
Fe203, MnO2, MgO, CaCOs, Na2CO3, K2CO3 and KPOn.
These reagents were weighted to make their total weight about
20 g and were mixed for 15 minutes using an agate mortar. A
large deep-type mortar, with the inside diameter 140mm, the
outside diameter 170 mm and the depth 50 mm, was used for
well homogenization. The compositions of standard samples
for major elements are listed in Table 2.

The duration for homogenization [15s] is short compared
with that of previous studies [2 h] (Mashima, 2002; Mashima
et al., 2002; Mori and Mashima, 2005). This is a result of
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Table 2 Compositions of standard samples for major elements

TNO1 TNO02 TNO3 TNO04

TNO6 TNO7 TNO8 TNO09 TN10

SiO2 52.967 53.926 69.522 81.425 35.468 48.642 43.439 47.215 59.171 51.553
TiO2 1.342 1.659 0.441 0.000 2.634 1.412 3.955 3.083 1.069 0.048
AO3 14.722 21.018 15.493 10.748 11.050 15.703 17.586 16.086 14.685 6.098
Fe203 9.112 7.039 2.686 0.000 14.872 12.390 18.847 15.495 8.949 13.419
MnO 0.152 0.131 0.112 0.000 0.510 0.092 0.797 0.493 0.149 0.050
MgO 7.809 2.507 1.147 0.187 15.194 7.690 2.987 4.249 5.091 27.927
CaO 9.370 7.408 2.790 0.000 12.865 11.094 6.148 7.602 5.595 0.905
Na20 2.807 4.065 4.038 3.150 4.862 2.708 2.735 3.115 2.940 0.000
K20 1.454 1.774 3.634 4.490 1.324 0.217 1.503 1.431 2.151 0.000
P20s 0.264 0.474 0.136 0.000 1.223 0.051 2.001 1.233 0.200 0.000
Total 100.000  100.000  100.000  100.000  100.000  100.000  100.000  100.000  100.000  100.000

TNI11 TNI12 TNI13 TN14

TNI15 TN16 TN17 TNI8 TNI19 TN20

SiO2 64.501 56.380 50.092 74.401 50.955 65.460 48.837 75.309 49.402 48.506
TiO2 0.656 0.297 0.113 0.093 0.515 0.000 0.815 0.057 2.397 1.210
AlOs3 15.125 11.725 30.774 12.317 8.761 19.152 3.521 14.582 12.243 14.179
Fe203 5.728 9.380 0.986 1.443 8.964 0.000 6.812 1.949 12.931 9.157
MnO 0.103 0.149 0.055 0.097 0.102 0.000 0.192 0.043 0.179 0.125
MgO 3.222 12.520 1.144 0.000 16.694 0.000 15.047 0.066 9.795 11.890
CaO 4.767 7.860 12.455 0.389 10.918 1.497 23.932 0.850 10.301 12.846
Na20 3.365 1.093 3.497 10.586 1.752 3.610 0.844 1.766 2.106 1.671
K20 2.392 0.397 0.851 0.674 1.132 10.282 0.000 5.378 0.418 0.270
P20s 0.140 0.197 0.034 0.000 0.207 0.000 0.000 0.000 0.227 0.146
SiO2 100.000  100.000  100.000  100.000  100.000  100.000  100.000  100.000  100.000  100.000

improvement of a pestle movement during homogenization.
Precessional moving of a pestle effectively interchanges
positions of reagents grains in a mortar, which significantly
shortens the duration for the homogenization.

Reagents for trace elements calibrations were stepwisely
diluted with flux (Merck Spectromelt A-10). In previous
studies, the trace element reagents were divided into several
groups. Reagents belonging to a group were mixed and diluted
together (Mashima, 2002; Mashima and Mori, 2005). In this
study, trace element reagents were individually diluted to
evaluate interferences of slopes of X-ray peaks among them.
At first, a reagent including 1 g of a trace element were mixed
with 9 g of flux to make a diluted flux including 10 wt.% the
element. Repeating this procedure diluted flux including 1 wt
.%, 1000 ppm, 100ppm and 10 ppm of trace elements were

prepared. In the trace element dilution, the digit number of

essential figure was kept five, which is single-digit larger than
that in the glass bead fusion.

In order to precise evaluations of mass absorption effects
of major elements on trace elements analyses, a multi-major
element matrix is adequate. However, a small amount of trace
elements included as impurities in major element reagents
could cause inaccurate calibration curves. For example,
detectable Sr is included in CaCOs3 as an impurity (e.g.
Ichikawa et al., 1987). In order to avoid this problem, two
types of major element matrices were used for trace element
calibrations. One is an SiO2 matrix for calibrations of Nb, Zr,
Y, Sr, Rb and Ni. The other is an SiO2-TiO2-CaCO3 matrix
for calibrations of V, Cr, Ba, Sc. TiO2 were added to evaluate
the line overlap Ti-Ko to V-Ka and Ba-La. CaCO3 were
done for estimation of the line overlap Ca-Kf to Sc-Ka. TiO2

and CaCOs3 for the matrix were stepwisely diluted with flux
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similar to trace element reagents. Diluted flux with 10 wt. %
and 1 wt.% of TiO2 and CaCO3 were prepared.

There are several methods to dilute trace element reagents.
Robinson et al. (1999) diluted reagents with quartz. Because
of high friction of quartz powders, it takes a long duration
to make a mixture of a reagent and quartz homogeneous.
An addition of trace element solution is an easy way to
make a glass bead with trace elements (Goto et al., 2002).
If trace element solutions added to a standard sample in a
Pt-Au crucible, however, it is impossible to homogenize
them well before fusion, which could cause compositional
heterogeneities in a glass bead. If trace element solutions are
added on a mortar, the amounts of added solutions could not
be guaranteed by weighting on the balance because of the
heaviness of a mortar, which leaves uncertainties of glass bead
compositions. Nakayama and Nakamura (2005) proposed a
diluted-glass bead method, whose concept is similar to the
diluted-flux method in this study. The diluted-glass bead
method fuses a mixture of trace element reagents and flux for
homogenization, which could cause loss of elements during
fusion although the loss volume is small. Compared with
these methods, the diluted-flux method requires grate. The
method, however, is simple. Qualities of experiments depend
only on weighting. The duration of homogenization can be
reduced with an adequate motion of the pestle and using an
adequate size of a mortar. The diluted-flux method therefore is

embraced in this study.
Glass bead preparations

Several ratios of a sample and flux, such as 1:10, 1:5 and
1:2, were proposed for analyses of major and trace elements
in rock samples. The ratio 1:5 is embraced in this study
from the viewpoints of X-ray intensities and the facility of a
homogeneous glass bead preparation.

For major element calibrations, synthetic standards 1g
converted to oxide weights and 5 g of flux were weighted
on the balance respectively. 7 drops of Lil solution (about
300mg) were dropped on the flux to record the amount of
added Lil. The weighted standard and flux were put in a
mortar. For trace element charibarations, a major element
matrix (SiO2 + diluted flux of TiO2 and CaCO3) and diluted
flux of trace elements were weighted to make the total weight
of oxides 1g and flux 5 g. After putting weighted reagents in
a mortar, 10 drops of Lil solution (about 500mg) were added.
Since glass beads for trace element calibrations have high
SiOz2 contents, their melts are viscous and have affinity with
an Au-Pt crucible. In order to steady exfoliation, the amount
of the Lil added to glass beads for trace element calibrations

is larger than that added to glass beads for major element

o S|O, etidues

T

Figure 2 SiO2 residues in a glass bead.

calibrations.

The reagent mixture was mixed to homogenize for a few
minutes in an agate mortar. This process is important to make
a homogeneous glass bead steady. Nakayama and Nakamura
(2005) reported that preparation of glass beads was often
failed when the solidified reagents remained. They considered
that this is a result of insufficient mixing of reagents and
flux. In this study, a failed glass was formed from an
unhomogenized mixture when fusion clearing (Fig.2). Since
the melting temperature of quartz is high (1650°C), it should
be well dispersed in flux for steady fusion.

Nakayama and Nakamura (2005) also reported that the
particle size of reagents affected performance of the glass
beads. It is more serious for a rock samples composed of
minerals various hardness. Coarse grains are sometimes
remained in rock powder. During mixing in an agate mortar,
sample powder is also grated, which reduces the grain size
of it. Homogenization and grain refining in an agate mortar
eases homogeneous glass bead preparations for various
compositions.

Some researchers use a vibration touch mixer for the
homogenization. (e.g. Tani et al., 2002; 2005). When I
previously tried to use a touch mixer, however, heterogeneous
beads were often made. A touch mixer is originally used for
homogenization of an aqueous solution in which convection
effectively occurs. Such well convection, however, does not
occur in solid powder. Therefore, a powder mixture could
not be thoroughly homogenized using a touch mixer. Tani
et al. (2002, 2005) also put sample powder and flux in a
crucible before homogenization to avoid using a charta for
precise weighting. As mentioned above, however, elimination
of static makes powder removal from charta ease. Precise
weighting therefore is possible if a charta is in equilibrium
with atmosphere in term of humidity before experiments.

Thoroughly homogenized reagents were fused in a crucible

made of Pt alloys with oxide particles and Au manufactured
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Table 3 Instrumental conditions of the XRF spectrometer

Angle 20( °) Counting time PHA

Line Slit  Crystal  Detector
Peak BG1 BG2 peak BG1 BG2 lower upper

SiO2 Si-Ka  S4 PET PC 109.03 96.95 115.00 10 5 5 120 280
TiO2 Ti-Ka  S2 LiF200 SC 86.14 84.54  88.12 20 10 10 150 250
ALO3  Al-Ka S4 PET PC 144.77 140.00 148.00 20 10 10 120 280
Fe203  Fe-Ka  S2 LiF200 SC 57.50  56.44  58.30 10 5 5 120 300
MnO Mn-Ka S2 LiF200 SC 62.98 61.98 63.98 20 10 10 150 250
MgO Mg-Ka S4 RX25 PC 37.95 34.35 43.25 60 30 30 150 270
CaO Ca-Ka S4 LiF200 PC 113.12  110.12  116.62 10 5 5 150 250
Na2O  Na-Ka S4 RX25 PC 46.51 44.00  48.00 60 30 30 150 250
K20 K-Ko  S4 LiF200 PC 136.65 128.00 145.20 10 5 5 1150 250
P20:s P-Ka S4 Ge PC 141.05 136.05 144.75 40 20 20 150 250
Sc Sc-Ka  S4 LiF200 PC 97.75 96.72  98.73 120 60 60 100 300
\Y% V-Ka. S2 LiF200 SC 76.91 76.49 77.92 100 50 50 100 300
Cr Cr-Ka S2 LiF200 SC 69.33 68.66  70.43 60 30 30 100 300
Ni Ni-Ka  S2 LiF200 SC 48.62 4822  49.18 60 30 30 120 300
Rb Rb-Ka S2 LiF200 SC 26.58  26.12  27.28 60 30 30 120 280
Sr Sr-Ka  S2 LiF200 SC 25.12 2466  26.00 60 30 30 120 280
Y Y-Ka S2 LiF200 SC 2378  23.12 2436 60 30 30 120 270
Zr Zr-Ko  S2 LiF200 SC 2252 2214 2312 60 30 30 120 270
Nb Nb-Ka S2 LiF200 SC 21.36  20.88  21.80 60 30 30 120 280
Ba Ba-La S2 LiF200 SC 87.13 88.02 100 100 100 300
I I-La S4 LiF200 SC 102.92 101.60 104.35 40 20 20 100 300

by Furuya metal. A desktop bead sampler manufactured by 1

Rigaku was used for heating. Heating conditions are flowing, glass beads made using

pre-heating at 950°C for 120s, main heating 1200°C for 240s, a crucible contaminated by Ni

heating with agitation at 1200°C for 300s. Each prepared glass 0.8

bead was put in a plastic back and kept in a desiccator.
It is worth to mention here that an increase of a blank level 0.6

was observed on Ni after making a bead containing more Ic

than 1000 ppm Ni (Fig. 3). This would have been a result of a

reaction between Ni in a reagent mixture and Pt in a crucible. 0.4

In order to decrease the blank level to the initial condition,

more than ten times flux-fusions were required for the 0.2 _/

contaminated crucible. A blank check therefore is recommend

after making glass beads of ultramafic samples with high Ni

contents. 0 I I I I I

20 0 20 40 60 80 100 120
Ni (ppm)

Figure 3 Contamination of Ni from a Pt-Au crucible.
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Table 4 Coefficients of correlation and accuracies of calibration curves

component composition range correlation coefficient accuracy

SiO2 35.468 — 81.425 (wt.%) 0.99954 037 (Wt.%)

TiO2 0-3.955 0.99995 0.012

Al203 3.521-19.152 0.99982 0.11

Fe203 0-18.847 0.99995 0.057

MnO 0-0.510 0.99997 0.0018

MgO 0-27.927 0.99991 0.085

CaO 0-23.932 0.99992 0.081

Na20 0-10.586 0.99990 0.045

K20 0-10.282 0.99974 0.058

P20s 0-2.001 0.99996 0.0047

Sc 0-100.0 (ppm) 0.99979 0.81 (ppm)

A% 0 - 1000 0.99906 43

Cr 0-3000 0.99999 3.8

Ni 0-10.00 0.97450 1.3
10.00 - 100.0 0.99990 0.73
100.0 - 3000 0.99998 7.2

Rb 0-500.0 0.999999 0.63

Sr 0-2000 0.999999 1.4

Y 0-100.0 0.99999 0.37

Zr 0-500.0 0.99995 29

Nb 0-100.0 0.99985 0.31

Ba 0-100.0 0.92538 8.2
100.0 - 875.0 0.99995 43
875.0 - 2874 0.99937 41

Instrumental conditions

A wavelength dispersive X-ray florescence spectrometer
used in this study was Rigaku ZSX Primus III+ at the Center
for Obsidian and Lithic Studies. The excitation source is an
end-window 3 kW Rh anode operated at 50 kV and 50mA.
X-ray dispersive crystals were RX25, PET, Ge and Lil (200).
Detectors were a flow proportional counter (F-PC) for light
elements and scintillation counter (SC) for heavy elements.
PR gas flowed in F-PC at 50 cm®/min. During determinations,
the temperature of the monochromator chamber was kept at

36.5 C. Other instrumental conditions are listed in Table 3.

Calibration curves

Calibration lines were empirically evaluated using a general

formula.
Wi=(Ali’ +BIi*+Cli+D)(1+Y_AijFj) +Y_BijFj (1)

Where Wi is a quantitative value of an element (oxide) i. /i
is a X-ray intensity of element i; A, B and C coefficients of a
calibration curve; D a constant term; Aij, a coefficient for mass
absorption and excitation of element j for I; Bij, a coefficient
for an overlap interference of j for I; Fj a concentration or an
X-ray intensity of j.

Mori and Mashima (2005) mentioned that the line overlap
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Table 5 Analytical results of GJS geochemical standard samples

JA-1 JA-2 JA-3 JB-1a

RV RVn  result RV RVn  result RV RVn  result RV RVn  result
SiO2 (wt. %) 6397 6441 6451 | 5642 57771 5735 6227 6233 6223 | 5241 53.01 53.05
TiO2 0.85 0.86 0.85 0.66 0.68 0.68 0.7 0.70 0.67 1.28 1.29 1.30
Al203 1522 1533 15.52| 1541 1576 16.04 | 1556 1557 16.01 | 1445 1462 14.90
Fe203* 7.07 7.12 7.03 6.21 6.35 6.38 6.6 6.61 6.52 9.05 9.15 9.00
MnO 0.157 0.158 0.15| 0.108 0.110 0.11| 0.104 0.104 0.10 | 0.148  0.150 0.14
MgO 1.57 1.58 1.54 7.6 7.77 7.90 3.72 3.72 3.68 7.83 7.92 7.96
CaO 5.7 5.74 5.69 6.29 6.43 6.37 6.24 6.25 6.24 9.31 9.42 9.32
Na20 3.84 3.87 3.86 3.11 3.18 3.17 3.19 3.19 3.16 2.73 2.76 2.77
K20 0.77 0.78 0.81 1.81 1.85 1.90 1.41 1.41 1.45 1.4 1.42 1.47
P20:s 0.165  0.166 0.16 | 0.146 0.149 0.15| o0.116 0.116 0.11 0.26 0.26 0.26

99.31 100.00 100.13 | 97.76 100.00 100.05| 99.91 100.00 100.18 | 98.87 100.00 100.17
Sc (ppm) 28.5 28.7 28 19.6 20.0 19.0 22 22 21 279 28.2 30
\'% 105 106 110 126 129 129 169 169 174 205 207 208
Cr 7.83 7.88 - 436 446 471 66.2 66.3 66 392 396 424
Ni 3.49 3.51 - 130 133 139 32.2 322 28 139 141 135
Rb 12.3 12.4 14 72.9 74.6 75 36.7 36.7 37 39.2 40 40
Sr 263 265 261 248 254 250 287 287 286 442 447 453
Y 30.6 30.8 26 18.3 18.7 15.0 21.2 21 18 24 24 21
Zr 88.3 88.9 85 116 119 117 118 118 117 144 146 145
Nb 1.85 1.9 1 9.47 9.69 8.00 3.41 3 2 26.9 27 26
Ba 311 313 317 321 328 318 323 323 331 504 510 510

RV: recommended values (Imai et al., 1995), RVn: recommended values normalized to make total of major elements 100 wt.%

correction of I-Lf2 is not required. In this study, however, the
amount of added Lil (300 mg) is three times larger than that
in Mori and Mashima (2005). A meaningful peak of I-Lf2 is
observed near Ti-Ka. Therefore, a line overlap correction of
I-LB2 using I-La was carried out for TiO2 determination.
Instead of a net intensity, a corrected intensity, the ratio
of a net intensity to a background intensity, was used for
evaluations of calibration curves for trace elements to correct
mass absorption effects. The general formula for calibration

curves of trace elements is written as:
Wi=Alci® + Blci’ + Clei + D + Y BijFj Q)

Where /ci is a corrected X-ray intensity of element i

Conventional line overlap corrections were carried out
for Sc, V, Cr, Y, Zr, Nb and Ba similar to Mashima (2002).
Calibration lines of Ni and Ba were divided into three

intervals to keep high accuracy for low concentration samples.

Coefficients of correlation and accuracy of calibration lines
are shown in Table 4. Due to time constraints, detected limits

of trace elements could not be investigated.

Results of GSJ GRSs measurements

Major and trace element contents in GSJ geochemical
reference samples (GRSs) were determined using calibration
curves obtained in this study. In order to check complete
decompositions of samples, I designed the analyses to be
anhydrous. About 5 g of the samples therefore were heated
at 950 °C for 1 hour for oxidization and dehydration before
fusion. Analytical results of GSJ GRSs are shown in Table 5.
The composition is an average of three times determinations.

For major elements, analytical results of GRSs are close
to their recommended values normalized to make the total

of major elements 100 wt. %. The total of major element
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(continued)
JB-2 JB-3 JF-1 JG-1a

RV RVn  result RV RVn  result RV RVn  result RV RVn  result
SiO2 (wt. %) 5325 5296 5280 | 5096 50.77 50.68| 66.69 67.25 67.34 723 7291  73.05
TiO2 1.19 1.18 1.16 1.44 1.43 1.43 | 0.005 0.01 0.00 0.25 0.25 0.23
Al203 1464 1456 1474 172 1713 1749 | 18.08 1823 18.49 143 1442 1458
Fe203* 1425 1417 14.04| 11.82 11.78 11.69 0.08 0.08 0.05 2 2.02 1.93
MnO 0.218 0.22 021 | 0.177 0.18 0.17 | 0.001 0.00 0.00 | 0.057 0.06 0.06
MgO 4.62 4.59 4.68 5.19 5.17 522 | 0.006 0.01 0.00 0.69 0.70 0.68
CaO 9.82 9.77 9.64 9.79 9.75 9.65 0.93 0.94 0.88 2.13 2.15 2.10
Na20 2.04 2.03 1.95 2.73 2.72 2.69 3.37 3.40 3.25 3.39 3.42 3.39
K20 0.42 0.42 0.46 0.78 0.78 0.81 9.99 10.07 10.03 3.96 3.99 3.89
P20:s 0.101 0.10 0.10 | 0.294 0.29 0.30 0.01 0.01 0.01 | 0.083 0.08 0.08
100.54 100.00  99.77 | 100.38 100.00 100.13 | 99.16 100.00 100.05| 99.16 100.00  99.98
Sc (ppm) 53.5 53.2 52 338 337 34 0.23 0.23 - 6.21 6.26 4
\Y% 575 572 580 372 371 388 5.43 5.48 - 22.7 22.9 14.0
Cr 28.1 27.9 17 58.1 57.9 55 5.48 5.53 - 17.6 17.7 17.0
Ni 16.6 16.5 8 36.2 36.1 33 1.36 1.37 1 6.91 6.97 3
Rb 7.37 7.33 7 15.1 15.0 15 266 268 279 178 180 190
Sr 178 177 177 403 401 406 172 173 165 187 189 182
Y 249 24.8 21 26.9 26.8 24 2.84 2.86 - 32.1 324 28
Zr 51.2 50.9 47 97.8 97.4 98 38.6 389 35 118 119 130
Nb 1.58 2 0 247 2 2 0.74 1 - 11.4 11.5 8
Ba 222 221 230 245 244 243 1750 1765 2007 470 474 501

concentrations tend to be slightly larger than 100 wt. %. Since
the GRSs contain trace elements, the total of their major
element contents should be smaller than 100 wt. %. The
reason of this phenomenon has not been understood yet.

For trace elements, analytical results of Sc, Rb, Sr and Nb
are close to normalized recommended values (RVn) of them.
The analytical results of Y are 2.3 — 8 ppm lower than the
RVns of Y. The determined Cr in JA-2 (471 ppm) and JB-1a
(424 ppm) is meaningfully higher than the RVns (446 ppm
for JA-1 and 396 ppm for JB-1a), whereas Cr in JGb-1 (47
ppm) is 11.2 ppm lower than its RVn (58.2 ppm). The Ni
contents of JA-3 (28 ppm), JB-2 (8 ppm) and JB-3 (33 ppm)
are meaningfully lower than the RVns (JA-3 =32.2 ppm, JB-2
=16.5 ppm, JB-3 = 36.1 ppm). The Zr contents in granitic
GRSs such as JG-1a, JG-2, and JG-3 are higher than the
RVns, 119 ppm for JG-1a, 98.3 ppm for JG-2 and 145 for JG-
3. Vin JG-1a (14 ppm) is lower than the RVn (22.9 ppm). The

determined Ba tends to be higher than the RVns.

Discussions
Incongruities in yttrium

In determinations of GSJ GRSs, a systematic difference
is observed between the analytical results and RVns in
yttrium (Fig. 4a). In this study, an SiO2 matrix was used for
the calibration of the Y determination. Similar systematic
difference, however, was observed my previous calibration
using multi-major element matrices (Mashima, 2002).
The difference, therefore, is essential. Similar systematic
difference of analytical results was also observed between
ICP-MS and XRF (e.g. Jochum and Jenner, 1994; Robinson
et al., 1999). Jochum and Jenner (1994) considered that this
is inaccuracies of RVs of GSJ GRSs depending on earlier-

generation analyses.
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(continued)
IG-2 JG-3 JR-1 JR-2

RV RVn  result RV RVn  result RV RVn  result RV RVn  result
SiO2 (wt. %) 76.83 7736 7751 | 6729 67.82 6792 | 7545 76.51 7657 | 75.69 76.96 76.98
TiO2 0.044 0.04 0.04 0.48 0.48 0.47 0.11 0.11 0.10 0.07 0.07 0.05
Al203 12.47 1256  12.81| 1548 1560 1592 | 12.83 13.01 13.02| 1272 1293 12.85
Fe203* 0.97 0.98 0.89 3.69 3.72 3.65 0.89 0.90 0.86 0.77 0.78 0.73
MnO 0.016 0.02 0.01 | 0.071 0.07 0.07 | 0.099 0.10 0.10 | 0.112 0.11 0.12
MgO 0.037 0.04 0.04 1.79 1.80 1.78 0.12 0.12 0.12 0.04 0.04 0.05
CaO 0.7 0.70 0.69 3.69 3.72 3.70 0.67 0.68 0.71 0.5 0.51 0.53
Na20 3.54 3.56 3.53 3.96 3.99 4.03 4.02 4.08 4.02 3.99 4.06 4.04
K20 4.71 4.74 4.40 2.64 2.66 2.62 4.41 4.47 4.70 4.45 4.52 4.83
P20:s 0.002 0.00 0.00 | 0.122 0.12 0.13 | 0.021 0.02 0.02 | 0.012 0.01 0.01
99.319 100.00  99.93 | 99.213 100.00 100.28 | 98.62 100.00 100.21 | 98.354 100.00 100.18
Sc (ppm) 242 2.44 2 8.76 8.83 7 5.07 5.14 4 5.59 5.68 7
\Y% 3.78 3.81 - 70.1 70.7 69 7 7 - 3 3 -
Cr 6.37 6.41 - 224 22.6 20 2.83 2.87 - 3.1 32 -
Ni 435 438 1 14.3 14.4 11 1.67 1.69 - 1.99 2.0 -
Rb 301 303 309 67.3 67.8 75 257 261 269 303 308 317
Sr 17.9 18.0 13 379 382 371 29.1 30 26 8.11 8 5
Y 86.5 87.1 80 17.3 17.4 14 45.1 46 39 51.1 52 44
Zr 97.6 98.3 113 144 145 164 99.9 101 100 96.3 97.9 97
Nb 14.70 14.8 9 5.88 5.9 31 15.20 15 11| 18.70 19 13
Ba 81 82 67 466 470 495 50.3 51.0 66 39.5 40.2 37

As shown in Fig. 4b, however, the systematic difference is
also observed between the results of this study and those of
Mori and Mashima (2002) although they used the synthetic
standard method for XRF calibrations. Mori and Mashima
(2002) used multi-major element matrices for calibrations of
trace element determinations. As mentioned above, however,
a major element matrix would not be the reason of the
systematic difference. This study and Mashima (2002) used
the background-intensity method to correct mass absorption
effects. Calibration curves obtained using this method are

expressed by the equation (2).
Wi=Alci’+Blci’+ Clci+D+ Y BijFj Q)

Mori and Mashima (2005) used the de Jongh model, which

is expressed with an equation

Wi=(Cli+D)(1+ Y AijFj)+ Y BijFj 3)

Wi=Cli+CIiY AijFj+D+DY_AijFj +Y BijFj (3)'

In the case of 4 =B = 0 in eq. (2), Ici has the same mean
CIi Y. AijFj in the eq. (3)’, since both of them are intensities
corrected about mass absorption effects. The eq. (3)’ contain
an uncorrected intensity term C/i, which would reduce the
effect of the correction of the line overlap of Rb-Kf3 on the Y
determination. If this is the case, an inadequate selection of
the model for the evaluation of mass absorption effects would
cause an inaccurate determination of Y. This interpretation

should be verified in future researches.
Incongruities in other elements

The determined Cr contents in JA-1 and JB-1a are
significantly higher than those RVns. A typical reservoir of Cr
in igneous rocks is a spinel. JA-1 and Jb-1a contain spinels

as inclusions in mafic phenocrysts. Although JB-1 (Cr RV =



(continued)
JGb-1

RV RVn  result
Si02 (wt. %) 43.66 4399 44.11
TiO2 1.6 1.61 1.60
Al203 1749 17.62 17.74
Fe203* 15.06 1517 15.15
MnO 0.189 0.19 0.19
MgO 7.85 7.91 8.13
CaO 11.9 1199 11.84
Na20 1.2 1.21 1.17
K20 0.24 0.24 0.26
P20s 0.056 0.06 0.05
99.245 100.00 100.24
Sc (ppm) 35.8 36.1 38
A% 635 640 636
Cr 57.8 58.2 47
Ni 25.4 25.6 21
Rb 6.87 6.92 10
Sr 327 329 326
Y 10.4 10 7
Zr 32.8 33.0 30
Nb 3.34 3 -
Ba 64.3 64.8 74

425 ppm), JB-1a (Cr Rv =392 ppm) and JB-1b (Cr RV =439
ppm) were collected from the same outcrop, the Cr RV of JB-
la is significantly lower than those of JB-1 and JB-1b. Since
spinel is a highly refractory mineral, the incongruities between
results of this study and the RVns would be caused by an
incomplete decomposition of spinel in previous experiments
used evaluations of the Cr RVs. In Mashma (2002), the GRSs
were fused at 1050 °C, which leaded to a low analytical
result of Cr in JB-1a (380 ppm). In later analysis of basaltic
samples, I found that a high temperature condition is required
to decompose spinels in mafic rocks. In this study, therefore,
the GRSs were fused at 1200 °C.

A similar difference is observed in the Zr contents
in granitic GRSs (JG-1a, JG-2 and JG-3). Zircon, the
main reservoir of Zr in granitic rocks, however, is easily
decomposed by fusion. The Zr content in JG-1a fused at
1050 °C (129 ppm) in Mashima (2002) is similar to that

H. Mashima
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Figure 4 Incongruities of analytical results of Y. (a)
incongruities between this study and normalized
recommended values, (b) incongruities between this
study and Mori and Mashima (2005).

obtained in this study (130 ppm). The data for the Zr RVs
of granitic GRSs contains many results obtained using XRF
calibrated with the earlier-generation GRSs, which would
cause inaccurate RVs of Zr for granitic GRSs. Determined
Ni (8 ppm) in JB-2 and V (14 ppm) in JG-1a are significantly
lower than their RVns (Ni = 16.5 ppm for JB-2, V = 22.9 ppm
for JG-1a). These incongruities would also be the results of
inaccuracies in the RVs of the GRSs, since the data sets of
these RVs also contain numbers of values obtained from XRF

calibrated with earlier-generation GRSs. In order to determine
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trace elements in low concentrations, their blank intensities
should be measured. The calibration using GRSs as standards,

however, could not do it.

Conclusion

In this paper, I examined calibration techniques for XRF
analyses of major and trace elements in rock samples using
synthetic standards. This study realized highly-accurate
XRF analyses independent of geochemical standard samples
(GRSs) and other laboratories, which gives a robust basis
for geochemical and geoarcheological investigations. The
techniques presented in this paper would also give benefits
to other analytical methods such as ICP-MS. Double check
between XRF and such analytical methods would improve
reliabilities of analytical results.

This study revealed that recommended values of several
trace elements in JGS GRSs still have significant inaccuracies.
XRF analyses using JGS GRSs as standards therefore have
significant systematic errors even if their calibration curves
have high accuracies. The synthetic standard method is the
most convenience way for a precise XRF calibration, since the
method does not require additional tools other than efforts of

researchers.
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APPSR TTARETHY L, HEXJIEI L1
mofzb FOBMIE, TWARTES LTWARALD D
WH2 SRS H-7213TTH 5D, & ML, HRLSLREEL
ERAEL 23 Rl 2 B2 FERICE - T, €L THE
L72HEICE S THEREE L, REBOKRET LM
PO XD %, RAOTFHIE TIEMLEGH] Z WS
AHEH % IR L o TEREMA % [HHE (Perception) |
5250725 (Leroi-Gourhan 1965), il DA 5 21,

ROBETELLZRKMZHREL, #2X910%5. WhidRk
HMNDHEREBRZ TN LIZREDTH 5.

IRRIZBWTHBIL LS L LTWwaDIiE, B 25, W
BT AERT, [WhH] LWnHITHIlEDE
WD, EnwH L ThHAH. I, HEMICEHSIE
25Dl EDITIANTUE T ALMGED, S
HaMD 72D EW T2 ENEAT VTV Y — I
REC, WA VIRE, BEREIR, TSI TR
L, #WEERE L2 ANEHOHEIZH L ETO MO
#iLE 5] ITAOBERZIFOITLZ L THDH 5.
S EROMERFITITRD &) BN D 5.

X1 $SHEEOESOEER (Gauvry 2008)
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1

1. KPFHETHOEZE (Opencast exploitation) ; a. P

6 DOFREE (Surface gathering), b. FHEH S D
T2 S OEME Y
(Shallow quarrying), d. FIiH» 5 OEIMY (Deep

R (Surface quarrying), c.

quarrying)

2. fEghE (B4 EofhE) TofE¥ (Slope exploita-
tion) ; e. fEAFI A & ORI (Slope quarrying), f.
fE#HA A 5 OBE Y (Slope tunneling)

3. H T Bl 3 — % ¥ (Underground exploitation-
mining), g. T3 (Underground extension),
h. T OENRKYERME (Underground network)

(Gauvry 2008).

B - rRIH A BRI, KETRITOEED 5 wid
R (% o) TOFEEOBEBTHY, Tl
W (#T) TORB—HRIBITHAHBRWERETH S
(Shepherd 1990). HiF LT 5, [d. REH» 5D
D] v [ . ERT2»SOWM) | EBED
WHTHs [g. WTRIE] &1k, d - fIZBWT,
HWAhs [ LTHAIELTwd & v ) Bk, [H—

J@] L LTHEBENRTVBEVWIZETHY, gliBwn

309

X 2 Spiennes &HF (Petit-Spiennes, Shaft 11) TER &

h-iEY] / FRIBEE. Y oMEOBERIZASh SR
MR 2 5 WIZZIED (Collet et al. 2008)

=

T, ZNod [HHEE] & LTHET S & v ) iliic
XoTXMENSG., did [TH] 22bD%ERTLHIE
Blihrsrhs, AEOBIZEADPIIIIEELIIRTEINS

Thed, gTREATBOEZEIHT IATH] b0
BRI NS.

2. RIEIT B2 &L (mining) : HAREFCAIERAE

FAOHERREREOT A [EEE (BT) 2508
Pl &1, shaft (HER) 25 gallery (BER) ~ & BB
LTV RIEHETH 5.

2-1 Spiennes &

2000 122 A A a0t B EICHEE S NNV
¥ — o Spiennes & PF 1%, Harmignies 1@ & & #1 % ik
N % Trouille Il O HAH B %, v I8 A B REAR,
Michesberg il (4,300-3,700 cal. BC) (CltEEh B Z D
HIEOWFH OO L2, 7 v P OBEERIRBIIE LT
[ACEICOMESE] TEFHECOMER], THT TofEsE]
PHIEEB Z ebhTwizbw) 2 e TH5. fitht (P
HIEIZZMT20mEIX5bDEEATVS) IE, 5
JED7) Y MEELDABRVTEFICT TEL TV,

FINTHREE N7 ¥ ME, ¥4 X (20em - 25kg
DR - B Elits TERIEN, 25%13E DD DHBE

X1 3 Spiennes EEFEE (1) &E#ET 2 FABRFROEME.
JUBI ca: 70 ¥ M REICH T 2 EIE G eI
OBBEE, b REEEL AT 2 PR SRR OE
PREE, ¢ 7 ) ¥ MERIBEDE, 4 VAOSARIE, e
Spiennes B EED 7 1) ¥ b O, £ 7Y Vb
LR (Collet et al. 2008)
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Flint workshop
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i £a7500 0
‘ 155, 2ob % 3000
2 Jteme ﬁﬁ;’g&é Principal area

4 Grimes Graves B BIEXI.

FIN, ZORY D Sz,
HlEHE (M2) 2T Eh.

71 ¥ M, Trouille NIZFMH L CTEAL F T:EITN
Twiz (K3). HBFEE T, FEL L2 QR E
FHED Y v 7 POEBETHER SN TS (Collet et al
2008).

79 v bo—Ekix, W

2-2 Grimes Graves &

FEHIHD /) —7 + — 72D % Grimes Graves &
Bk, 3,000 EAR DA S 2000 FEACHT N, BEA
WRAICET 2 7)) ¥ MEAOREEIETH L (M
4). BBHEL, v 7 N EZORMED S BGIRIIE D
H¥ x5 =LA (Shepherd 1980). 79 ¥ |k
Z, WEISImIIETHETLIEISERINE DO
TR, AEBOWBICLoTRTONZH3E (kIR
MBS B 8E) ORI N RAEMEEL LT
YEFEVHEYBDOR TSI AL, TOHOHEER
ARMERTHL I OMOMIEET 2HRXE D - T
BdG S, HERR R 2350 %8k (B3 23Ei H & 22 5 72)
T TIN5 FHi% B TdHh o> 72 (Topping 2011). —>
DT T IR, HT 07 ) v IHFREN. &
DFFEER, SINORIEICT A, #EETHE TS0
125 ADHCE S, GO HERICER S 7 NSH+
EMT, ATCONRTEFEFS, L) dboTho7.

70 Y ME, RHID L7720 o8 L L CRfALATD
o, 427 =—) FiE (Icknield way : England %
1 W L <C Wiltshire 2> & Norfolk 28 U %) % 4L CTiit

5 %£HERICBEIZTUMEBEE: 1 Yy, 2
L3Ny —, 4. TxXN)L, 5, L—F, 6:Ev 7
(WD), T KRRV VNY, 8 Evy. 12
i& Mur de Barrez (France) #EF (7Y » MR, 3
bR, Cl44EMR L), 3 (AW). 41 Cissbury
(Great Britain) 3#Br (71 > MRE, B e, 2770
BC). 5~ 8% Obourg (Belgium) i#&#F (71 ¥ MR
W, Froaifl, Cl4#REL), 1~3 5~8774
vhomE, BHE (4 # (Shepherd 1980).

&7z (Shepherd 1980). XXH% & N7z7Y9 » M,
AEICMT &7 (Topping 2011). =PEEEAS S 12,
A7) 77T AIZE TH# L TWwWi (Pétrequin et al.
2008).

7Y MREOZZDITHEH I N, Yuny, By
7, nrx—, L—F (Wh%Esniz) & EoHEEH
(M5) &, BLAERT AL HOMBOLOTHS.
INSOERIE, =ZHORE TS N7/ (Pétrequin
et al. 2008).

E bAHTEREELTOT7Y) ¥ FEAREHETO DO
T 570001, TERE, AKREEH]
DN BER—X (hds - BA%K) OFETHY, $
HepE, AT 272008ATHLAEDOEM
(1K) ISR 2R AT ELZORE ) THL GED).
EETN&E, 790 Y MEHEZ &, RIHEMO—EBIC X
LEHBE THozb ) 2 ThHD GE2).



1

3. BDOZ & (breaking) EFEDZ & (digging) :
|[BARZRE A4

WEZHLZ 2 ANET D [BoZ & ] 2HIAT ¥
FIVE—VIEBETH L EThIE, FNRFERELD
(o & ] BAT v FNT — VBRSNS T 5.

fla. FHH»LORE] D5 VIE [b. FlliAr bSO
W ko THBOT BN T Va2 L7 YEREFIZBWT
&, AMOFRRLGEAT M) LEREER L Z eSS
v AMIEARORIE L ORBIABEZEE 0K E L
TRESND D5, BAF A ORI RIS S
LEGVDSRE V. KEOHREM L L TEXL DR, A
AT TVHERIZH % Qesem i (= 350,000 ~ 200,000
BP) O%fITH S (Barkai et al. 2003). (ZITIATT S
RHICE S % & E 2 5N TWwb 4 ¥ Fo Baichbal {4+
2 & % Hi IE A 2 R o Tsampur & 3 b 2 BERIOS
K7 P T THAH (Petraglia et al. 1999; Paddayya et
al. 2000). Thoid, a1 w17 L idEoit
HRTH5.

Y7+ Qenait¥f (=50000 BP) IZA L5
£, 77U AT, HHIHASRARMICR 2
L, [Maghm (B Eofm) ToEE] PREET 5
(Vermeersch et al. 1990) (i 3).

3-2 LRFTVT UK

RN TRES MG, T Aa» 9 & LTS
LAEFMOBEEICR S WD ZEORE L HbEDL L
WO DT a LT VEBETHL ETIE, RENTHE
2Hws, TOWRITHEEY, EHERIT DL RDED
BAATVT VERTHL. [HHE] L IITAORELR
W—A, Te. P2 S0EM] HoViE [d FHA»S
DT | 1E, A TIHD DLW FTBICL-T
Bt S N7z RYEDTE .

BB 2 @R 2 FZEC KA, I S
RO FEHIIL 45 B (Riel-Salvatore et al. 2001), & % \»
(& 42 6 (Pettitt 2011), FMIHAGFFAIZ B W TIE 33

2

%l (Riel-Salvatore et al. 2001) 2SFCEkSNTW5. Fi#E
DI EAEDORFNZ, WRNOETHRIDOHH L 25T
RSN TS (Smirnov 1989). Z DERETIZ, #Ho
SN IERE DB D& R0 v & JeRE S 2 FBIIE 5% 12T
EwlL, IhET, RIZRMTHo7zb v )RR W
(Pettitt 2011).

2—F YT RBEIZEREZHTTASLE, La Ferrassie
(8 1), La Quina, La Chapelle-aux-Saints, Le Moustier
(2), Roc de Marsal, Le Régourdou, La Roche-a-
Pierrot (Saint-Césaire) LA F 75 ~ X, Spy I, Spy I
P ENVEF— ZLTKA YD Neanderthal (2), 7Y
3 7 B o Kiik-Koba (2), Zaskalnaya VI (3), 1 ¥
7 ® Mezmaiskaya 7z E DB THION TS, Th
LOHEBFIOH L, AROENH, ¥birdk, RiFHRE
Tir%L, WHICEREALTIENTE L0, La
Ferrassie ® 2 %, La Chapelle-aux-Saints D% T& 1 ,
Y AHRDRKE S DPDDIE, HEDH (145 x 100
X 30cm) DATH5 (FE4).

FUIH 2R R & B IH SRR RN BH D S D Fi) % L
MLTABLERDIH %GB, BEIIBWT, O#ZED®
PltshzaZt, @QBMEOBMEIMINT S L, ORIZE
MM T AL, @ = VR ENE LIRS
L, RETHL. WMEEZPOOZ, B, HEHEOM
BT OB, 2L T HAORME VI ZETHA
9 (Riel-Salvatore et al. 2001).

PIHARRRRIC BT 281X, THW] ThoT 1L
ZE] LRGTIERIEREWESS. FiEICE - TR
Lid, AT AREDDIITELRVY, BELS
WTENE, (SR shsXE) dOTHL L
B (BRERLBT 2 TRERL V) HREDTH
5. BMIHAZRRFRICBWTIE, Aaodsd LHmE v
)T L, B#EECGEGEKOEROFEIELE VS [FE -
Bl NOWWFTEPFEENTOTH L. EHIE (W)
Tid%< (BAOHETEER), T2 () TdHaw
(BPOBFDO LI ITMLENR), L) EARIFIEE
ToTLE-7m72 v M, HEICEY, EH (A
e BAERY), KM RERRA, ol T
[EEHITE] ZEzEREELHLholzDT:
A LIEEDOMICREED L 9 ISR b 2 i & ik 5 2 &



HMIEAZRRAUZ B 2 HENC DWW T - TRSE L OBET

WX oT, ELLO [T &, [#lk (W)
W] L2 frsEH L) EmETR-20K b
X, JEHEW - BEKRN RS 0z ELL, BIELL,
HRAETISHAAN TP $52L, T2bbigN
352 &z2@ELT, AWK TS LM TR 2 B
V), HLLLVHMIERZEZL L) ko
(Welté et al. 2005).

4. Giant Steps — F— 7 IV EiEHIEE
4-1 #—=7I

[ Lo 4 ] (Wyner 1982) 7224+ —2 )V (G
PR - MRS EOA E I Wiokth, i, BEaoE
) offHoBkE, 779 AKECECTIE, BES
MBI ADORIFICE TH;S (Knight et al. 1995; Watts
1999, 2002, 2009 ; Barham 1998, 2002; McBreaty and
Brooks 2000; D'Errico 2003, D’Errico et al. 2003, 2009 ;
Henshiwood and Dubreuil 2009) (7 5).

3=y NOPYIHAEAICB T 5 4 =2 Vo i
DFf & LT, La Ferrassie, Regourdou, La Quina
B EOMBEBWESMONTVEY, Ihbidwnind, &
ROV o TIE R, FISM RS E LTiE, B
ROBBOFHDIZEMOFRELELREL LI =TV
A3 L & 7z La-Chapelle-Aux-Saints @ #i & H 172 2 &
HTE LA (Wreschner 1980), {HEMND [#] L LT
MESNTVWDEHD (Imx145m x 030m) (Leroi-
Gourhan et al. 1988) ~DEFEEZ LK T L5 LITTE
2\ (Gargett 1989). —7%, #“MIIBAZERRICIZW5
L, BIZBU =7 Vo, 186 (&fkobs
XZ55%) L35 (Riel-Salvatore et al. 2001).

IR SRR OARIICENED T3] & LTHHE
NBEH ol =7 ViZowTiE, RIEM 2965
OREARREEIZE SN, EHEOREIZT AT,
HHWIFH o EEEKIZ, LML LTy ¥R
Wig B EMRENS DY (Oakley 1968; Bentley 1971),
N% ORAEFUI R E B E 525 X)Xk olzons
[ABhiE ] 72HmRPETCHEMINDL L) ko722 L
ERRLTW A Z LiEiEN v (GE6).

4-2 FERZ/-THE—EHEREODHE

(5] EVIITHIZE ST, WEANEYZEPRA
THEELTWEAT ¥ FIV T — VINEERE 2 RO 2 727
BB, PR TANET 2 720 Ol = FICA
.

Jo LKA N IE, IS B IR (Territory) W% il
%72 0ICHEfEH (Settlement) 2 HMESE L. 221
M5 VI HZNESIEDL I LIZ Lo TEfEH
(Dwelling) AMEFh, AFITBIFLHE, RO
N REL oo 7z, e & R &k [HF] 2l
THEEMIC L > THREINSE b DZH, REIEIChT
HIFEIEE T A2 REIIIPFRCE 2 [HET L] &
WO TEDNEENR T2,

JEEROEFEE, WRT 2 HEMOAENTD ) X L & R
LS N7z AzE M 2 s MRibs 22 LiCH b, L b
i, FRICL > TR A F AN LHO T SEEL,
RoOMBMZREHELTHNLIDOTHS. 2F ), FF
DEFRELIL, ZOMEROAIIH LT, SHEOLHICL
FOEKRHBATEIO Y Y RVIESR L LT 2 L
LDOTHAH. HHOLEELE, 112, HWMIAHRD
RERE OB, B2, HEDV AT A, FelA
i RbOLTHIE, B3I, BEOLPIIBITA
HOCOMBEZEET S L %D THS (Leroi-Gourhan
1965).

4-2-1 Mezin i&Hf

77 J 4 F ® Mezin # ¥ 1%, DsnalllfijfE®, Kif
2510~12mD & I AIMET L. 7TmOHEREO
b, BETA8mIZH S 4EH 5, 5HMOMERFIL - IF
B IR 7 A8 S 7z, Cl4 R, 27500 =
800 (KU1051), 27,200 = 700 (KU1052) T» 5. 1
FEREE, R % Sl 2 A L7z F— 2R IROBE A
L5 B0 LR RO (X6, 1-2) 12X o THER:
ENTwREfEREINT WD, KM, HEWIET
5N 5 LN, ALHROES 73 30 ~ 50cm¥iE v U &k
=7 (Loskonnse 1965). BEIZHHY§ 2 HH 113
DERBI bR TWSETT, BRSO TWAR
W (H6-1). MEELBIE, ChEREBIICLRAT
(3aBamuna) (BSEMEED +) L Twb (Loskommsc



T

K6 1;MezinBHFDE1SEBEOHINEET
(Fab5). SEEDIFIBITAHY T 2 E050 & E

TR ICELE S N7 FREOET (Rvo
AEER). 2 BEERPROEFOEIRE IO

BK. 3 BEEICEDAEIAETEXDE
(Woekommsic 1965). JILICBIS % 5 Mid e

~—

33

A, BRI & BRSO YT B T RENE:
V5.
40
yﬂ\\“
:
/’/ |
7 MezinEHOH 1 SEEOERE.
d 1~9; BROMWEY, k:+—2,
" a~n ; (Tlpaceinkn (CHDIER) ),
I~ 11 JFdk, 24 ~ 40 F{EHE O
% % (Bubukos 1981).




BHIHA BRI BT 2HIC OV T T RS E OR#E T

/¥
[ 7

o

8 HEEYMOHMARE. GFFit, M70b0E—3. MRIEAHK—. %8B, No8iIZX 9D Nod THb). No7 k& 9id,
[ N5 1% (Autponomopduas cratysrka) | & fERE LT 25 (Bubukos 1981, Iloskomsc 1965).



59

7
72

9 Mezin EFFOEHIE. 1
(Knunosunnsle) E-EH. (Ioxomwrsic 1965).

” |
7 N
% [
5 ng- )
T N 5 A <
13 AR, et
7 D Al O
1" e 1 1+
0 n . A2
9 1l
8 s . |
7| A Sal"g
s (NP
51 | i
* —
3 =
2 =
1 e
61 L |
AN ew D TR
53 IR %.‘ “T°R £ A Al
A
M T - I ; :\ 2
5 = | 1]
86 ~ SN 'r. 1
67 T ~ P B e i 0
56 ] i ] v
e =L L
e s
1
b oWw v o4 I Py M opoa O N M 3 moe d 2 &
@ @ 1 Ep i r_-j 4 L I:‘l_.t_l___|_|_5|'“

10 Kostenki 1 BHFDEE 1 BDE 2 SEE4L.
FLB 21 BT /ANE—RBE Bemnsanku — ambr), 2
KBOE, 3 FHsHVIIIKE, 4; 17 i oFHT
/N DY

A OMEO NV < —IR (Monotkouanase) jH E..

I &F8os ¥R

¥ i .:', P e Tl ‘.’W‘f;’ﬁ'ﬁ;‘ Yy ‘ﬁ\?
Sl % gt 8 “"’-«-_i'h
Z L -W - f&t : ﬂ.l_.h-

11 Kostenki 1 &EFDEE 1 BN 2 SEFHEOILDFH
TF/IE—REE (Tlpacnos 1982). BENSIE, PHTF
MNEIZE > THENHGEZXE T 550 X 512X
DA THWDEDNV DI 5.

1965). —77, BV E¥HHAXRHTL-0I%E SN
TR YL B B HERIIE, AR Yy b OB FNCE
ATWS (H6-2). #lEid, —“AKOFORIIARD
HAZLATRBEB SRz LR L Twa  (oskomsc
1965). TN HOFIE, KM 5 40emlT & [HEHEIZHE D
AE N7 (Beprukansho BromamHas kocth) | Td 5.

ZOMANE, EEHEASIHRIZ20mizEDE ZATH
FL72b0ONEEI%RL (M6-3). K, HIE, B
HINZEHESNEHRMA -7 NV EHF— 7 VDOHE
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12 Kostenki 1 &#F (1/8) HEDEAZE. 1 ~4, 10~ 11O (Spatule a téte), 5: B EIER L7, 6, 8;
FATTAOWR, T EMiSNIAE, 90 AW, 12~ 14 Efiod b Y vy, 15; A (Abramova 1995).

b (2~ 3kg) BEAPHERINTYS (7). %
FIAD, WAL LFEEENTWS (10kglI &).
FrRe Y (8, X 13) 1B L Tldbk 4 %MD T
b TW2A (Lloskorsac 1965, bubtkos 1981), = =
TIEROZ L 2MRETHICEEDTBE W, T4b
L, A= VI BEPOREPMERNTITDRI LW
)Tk, LT, BIh/@miERmgkshtn
felw) 2k, ELITATMANR, SR%ENFCIRES
HT2LEPEREINTVEVWEWVW) ZETHEL. Zh
&, A= NDF T T L OEMBAIEREND L),
HFHEIEA SRR E 252 BWlEZ 2¢5725 9.

MEBIFICBNT, WAL LTHETE DI, ¥
HOMBON<—ROEH (9. 1) LE2FRDY
FERoEH (F - 0) THb.

4-2-2 Kontenki 1 &

Kostenki 1 ##f (C14 4Ffti 21,300 + 400 (TMH-2534)
& 24100 * 500 (TMH-2527), Ilpaconos 1982) @ 5 2

WAEHIE, 36 X 14~ 15mOEKHAEEZ L TWD. B
WCHIS S 2BREAL SR TWL 0, TS (EFE?
2x35m) H»oHWEIR KM ?) OB THL (X
10). ThoikeEnd ImiFEHEIATH, ~VERAD
BHERTFThbhTwz (K11).

WHIEEE LTHESRTw S0 [5G X 2
a2y 7 OW) (Jonarouku ¢ ¢uryprsmv pykostramu) (X
12) T& % (Ipaconos 1982). T 6D [ bsh
EMEERERBL A0y TOW] o—#K%
Edumvenro 1, ZOWEEMHEH S EHWRBERTIEI A2 -
72/ LTw5 (Edumenxo 1958).

Mezin & B & Kostenki 1 @ BiA 5 1%, X Bz [
Bl ATEIASEINES D, 11, AFTBIT 5 RN
FEERWHEICT DRk, FEROMETHY, H212, IF
WD BV PROBERTHSE. Nr<— - 7H
ChEDTHOMED L IIRT EOEIE RO HB
AT D B VI [V 4 —F A R EOBRITHS



NI

5&1-,.. 2 4;‘3.!A AV
e Sk EREEEETFCTE)

13 Kostenki | (1 JB) 3&&F (%) (NMpaconoe  1982) & Mezin & (£) (Poraues n AHnkosny 1984) DERIIEIEY.
AT 2 SO ORI A %2 JIE2S L 02H 5.

Na Y Y RVHRGOFERE (K13), TLT, +—=27 N
ICE B4 TV ¥l LiE, NS OB & HHEAT]
BTH5.

4-3 E%iEDE—REIITADEL

O 7RIS BT B B IH A AR 0 3L T R
%, Kostenki 14, Kostenki 15, Kostenki 18, € L T
Sungir &2 EOFEEIMI L o TREEINS.

4-3-1 Kostenki 18 &

Kostenki 18 O/ H O ZIIZHEMAS 120 X 52em, %
ED40mPL EE W) b DOTH B, EROBEL, KHD
BIZEEICZLDN > TOLIOREHMTHL (1X14).
HEIRIZIE, BRE 7200 25%%- Tz (Tlpaconos 1982).

AT, YV EADFORE o I ADH 5 Vi3t
INE (Bemmsmka) 2R INTWwAE. K&ESE, D14
X06x13~175m, @09~10m CFHTTI VIR
B), ®226x079%x1~104mTH%. wihd, &
U Y OfE AR OWREIR O R T2 < ) P
NTW5hb, ROBEMIZIEE — 7 VORBFHER I LT
%75 (Ipaconos 1982), TN ATLINZLEIETH 5D
E)PANTH L. MiGHEE, H5VIdZ ORIz,

14 Kostenki 18 &%, 1: X XOWEX. 2: 5D L& (F
W), 3:XEAROTE CEMmX) (Mpacnos 1982). F=oVeELIEIFEL TS GET).
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4-3-2 Kostenki 15 &

Kostenki 15 & B D E R (6 ~ 7RO LEIBIESR)
(AR AT 124 % 80cm, TESAT40cmTdH 5. Cl4 4RI,
21,000-26,000 BP %753, ZEROBM TH — 2 L Hhk A
ENTWw3 (Ipacomos 1982). HEIZEM D % THEH TR
&g, Lo o [Ray 7] RoFgMAETHD

' ' (12 15).
15 Kostenki 15 @EFDIZFEMEY (%), LI 1: < EX .
DRI RS, 2 FHoMt, 3: LHokit. 4-3-3 Kostenki 14 &
REID A2 7] ROBHAGE. COHIEHLOH, Kostenki 14 5& B (~29,000 BP) %, #u 8 %i 7% 10
L% A 7oiEE (paconos 1982). N
Boob, 1 (EE), I8 [OIE IVE (TE) 3%

S:EJCM

P
EE B

X 16 Kostenki 14 & Il BEEDEH2E (Ipaconos 1982 ; Sinitsyn 2012). T D% 4 F7OEHEIZIL, [2Hi% 47
L#ELZOLYDDOLD] (F) & [#fiixFz2wEL 2 VDb ] (£) #H20hb L.



7
Y 3lcm
[T R T

17 Kostenki 14 &HFDE (IIpaconos 1982).

HEWETH L. IR, #EE (M16) z&t s
BEorEhitr—s Vot xhsb.

HR (BZRE IR 26 OB & KR» 5% 5%+
BEFSIME»SIZIZEEICHEY AT TS, il
99 X 9em THEE A3l ~48emTH 5. MKIZTIE, +—7
VasEhpivTwnz, MELZZERR, Yy Foai)y,
FR 3u, YV EAOEOWMA OAT, HIZEWMICHINY S
5 DIFRL7-5%w (K17).

4-3-4 Sungir &

Sungir # ¥ %, Kljezma Il DR, Sungir Il D45 &
DBEREDE2 T ANET .

MO CI4EMRITKROEY. H1 5% 21,800
= 1000 (TMH-3260 a), 22,500 + 600 (F'MH-3260 6 ),
22,930 = 200 (0xA-9036), 19,160 = 270 (AA-36473),
E2HED 1 ;23830 = 220 (0xA-9037), 27,210 = 710
(AA-36474), 26,200 = 540 (AA-36475), H25HD 2;
24,100 = 240 (OxA-9038), 26,640 = 640 (AA-36476).
FE AT IS 24 3 % 4E4R (27460 = 310: OxA9039) % 5
LT, E25EH 23500 % 24500 BP 12, 1 55D
22,500 & 23400 BP IZH149 % &\ ) B (Pettitt and
Bader 2000) 224 % LI ATHA).

EREWI L CTALE (K18), EHEME &) IThE
TAFRERLE L L F ) AEAMICHS L, JE2
DBEERIZE o THETDT LN EFT S 0 — &I
HUMTHEALTIENTELESLS. BERLEI LI,
FREBOBETICEIE R TwE I L, ZLT, WFED
JE AR B U 72 iSRRI ISR S Tn s En )
2L THDH EMEPLOE LD, BkT 7200
EMERo TV L) I EZT 5 (GE).

L1l elo 2 13[4 [@mi]5 [a-1806 [D |7

18 Sungir BHFOREXBE. 6 1; mfbiet, 25 5K, 3 S KB, 4 FOERM, 55 %

6 ; FEMMNE T, 7 BHEEF T (Baxep 1989).
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19 Sungir & 1 5%.

AR EHICH o 72HZE (A Sungir 5) & HED

AR

B - 1; % LHoFHEX

B-1II; % LA S 25em FAS o 72 & 2 A DOFHX

B - II; 3R OWHEX.

JUBI : 15 A =2 Vv 5 &Y LREZELRE, 2
HEWOWN, 3: A0HEFEHEOA, 4
it —2 Vol 5 ML ko2t —27®
RU 2@, 6; HOWELE EolL), 7;8
BONEHLIE, 8; BEROBER.

C:ERE (ELWEH»S 55emEFEne:Zs) BB

MR (HZFEO—RBPBEHLTVD).

JUB 1 W RICA LN L BRI, 2 B
OWELRE, 3 WHaMbE L, 4 K F—7n,
BT 7-BORULE, 5 BRSNS+ —
7V, 6 EBEPERLBER, 7 7Y MR

I . W, 8 Wi X o fLE IR,

A _—
N y 2777 D; HEHEEZH > TV 2 WY BV 72IRE (Banep
25 00 r d__i 1989).
saty 4 7 s ‘___i
P c T |

L HEDOENHE
C

ot o 0

(205 x 070 m) ZMWs. +—27nid, FHFEH (Sungir
4-3-4-1 E15E 5) IR I N LR L EARTHIES A (K19).
55~ 65 OB WML 72581 553, ki Sungir EHFH 1 T EOERBIEIZOVWTIE, KD XH

ZWYTU2E2AIH L REEMEORHRT, KX RETCRVBIE SN TS, F—-ERIE, Sl



20 Sungir@Hi2 SEEEOHLEY () LFER

(H). JLBI: 1 BEF 24, 2 BERICEH—2 L
REGRE JMLEN N F A4 08ma (D), 4:
SHEER (@), 5 RFHE—X, 6 JeMmxy
AOKRM, 77V MR LA 8= 8; 7Y
vNEHA, 9 BAR 10 FRoKRE, 114
YF R, 12 Bk b (bagep 1978, 1998). i

21 SungirE2 5 E.
nTw7 (Alexeeva and Bader 2000 ; Bagep 1978, 1998).

A B
B ~— 1

T r—

="

1 B2 Pzl3 =4

K22 Sungir$2 SEMERE. FLEI:1; A—2 VRV, 25 EoH L, a-WKoRr &1,
6 - RIKMEYE L, 3 HIKGE L, 45 F—2 v (Bagep 1989).
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23 Sungir BN EAEE.
1~7:/,"r~<— (Monorok). No.l IZ27cm, No2 i3 47cm, No.3 i 104cm, No4 iZ 188cm. (No6 & 7 3%y >
7RISR IR TWS), 8~13: 277 -« YUY (Morwsira), H5WEZ7 % ¥ (Honoro), 14 ~15: 277
Ny (Nolbid, A3y 7HREEOWOWEEMENH ). 1617 74 (?), 18 ~20: % (?).
Nol ~11, Nol4 ~17; bF A4 Df. Nol2; By (FEEIIAH) OF. Nol3, 18 ~20; %%, (Banep 1978).



24 Sungir B ORZRY (Poraues n Anuxosny 1984).

% 50 ~ 60cm(T &4 D T, IS — 2 VAR &G,
0, #BEEEEL KT, BEOBETEOBERE %o
TeWE (KR ?) #e, HIexANhs FERE
3, BHhEI NI OEREE 10 ~20cmiZ EHID & D,
T VEHME, HEFETREAZHET S, L)
bOTHDH., R L ETERE ORZEIZOWTIE
il B EZBWVA, WEHEDHN T EDE L VRS,
FREIZAT D72 TR IRV O T R WIES ) H

B2 (FlICHIcoTwiie) LT, 4%
CHBEDL 5> TH 2936 MORFHE - X, 25 HORF
BMTLALVY b, HEEOXRVZ VN, FA47, A7
LAR—, HFREMAEEENBHIN TS (Bagep
1989).

4-3-4-2 E2EE

DAL D R MR L 725 2 B3, HEAEAT3.05 % 0.70
mT, BEN074mTH5. EOLHOHIIRRIKIZ
L, WMEIES =27 VI BN E X HIZLTH
TLTwzodEHS NS (1K20).

B2 5EICH LT, TR BHOBICHRE S
NTw% (Poraues u Anmxosua 1984). DA, FIVPIE
(AR ?), ZLTHERREDOF — 7 VP EDKIZHE KD
b, @QRFRY — XL S N7 ILIND Kk D~ >~
FU b, BEOT 4T (HEfi%iL 72 RoORD4E),
TVAL vy b, Bk ETEMINKIRE T L5725
WrEsh, ORFHOE, HIFED2VIIET) (F
17), BWERRLT2EM% EO5RE Rl I0E
P, @OFVd =27 VBSEEERIZIR) T Hh, GLAE

(3—=1F) BT oh, ©@FEIZbosTEH =2 Vsl
DRTFENE, LV BbDTHL (ZORRE, -2
F5EICbo THEM L) (K21, M22).

Sungir B# O 201, 110, EBE LRI
EHoOBMAETHL (M23). hE2LHETELZD
&, NYe—=L 2 F I X BEE (—EBIEARM oIS
Hw o iR ST\, banep 1978), €L
T, EfitkoK, ELZE] 74 TIET Wi &0
7T INNYRATy TIROWRIZ L B1EETH 5.

B2 IS ORBELRTMNER TH 5. PIE 2 RIS
BH-ODEKEE 242mE 166 m) % IET 57
DOGRF OBEMEBFIET 25, WRLBOLF Fdu
WO K%z Ex2 L, ThH 2RO DO TORE
b &) B, M#EEEY, BRSO R
RO S Y YA MY — ISR E S B Hl (M
21 ®&FINo2, X124 No24), JKELMHzZHMALDE
72794 Y (M24Nol) ZENRENTH 5.

B3, IRHHLRRGOWRETH L. -7 VEE
B3 aL (B9, BRKAHOY—-X (§E10), #wEE
HAbAT (Gryphaea) (Bagmep 1978) 7 & % &7z Sungir
BHTHRAINZTRTOLONFHAMBINZTEE 21
BTRIELELRWESS . H410, FAHEALICIEHT 2
59 EXOHFETH Y, HERITBNTEH =27 VDR
L7cBERAREETH 5.

5. MTHMERORER

INYIN —DNT Vil B Lovas #EfIE, 4 —
7V (B#kdk) ORMEIETH L. A —27 NV ERY HT
7o®lZ, HERE6 X 25m, WS 25 mDORAW S N
1950 AR FAIE, CThahillIHA R OEEFE L
Tz, F LBk R FAEAME (11740 BP,
WFAEMDY 14 ~ 13keal) 1230 &, Epigravettian & 151E
N7z (Sajo et al 2015).

HIEAREIC UL, =2 vid, BELo FICiE
T AEIKAOWBR G/ ECRETO, Mot —2
V& &t (Paint earth) O (HiliA 5 70 ~ 80cm)
PORMS N Tz, BHAGE, ZOEPLIEREIN
Tw3 (25 [X26) (Dobosi2006).
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s
{ 1{//{/4“
Y

=

L

26 Lovas @EFHIBHERER (Dobosi 2006).

25 Lovas BT DOE A LIFENAEE.
1 5HHSE, 2~4 @, 5 MIEMILAZ LA S—, 6 B2 doEE, 7~10: #WELER, 11 Z%inT
AT AHEHR, 12~ 14 : #illLEE (Dobosi 2006). 7B No.7 ~ 10 & No.12 ~ 14 iZ [Mining-tools] & &N Tw5.



1

F—7 v, BMIHAGHRACKRIICH > T, HEON%
WHIEEIC X 2 [PPSO OEMY | oFBIcL-T
(PRI S N7 i O T H &I | (Muller et al. 1999)
Lotz

#
SEINOWIE, B THT 5 2 EHWEETH 2 9WE

BANOEENEEH L, TOBEEDILHPE LS E %
FRICLTWDEZE, ZLT, #MHRHRMICHE L -8R
—ROBLEFHHICHEL T2,

BaeakEft (5500-1500 BP) 121d, HZERIRL,
Frt Z Bd63 2 7-0 070 [Hk] L L<To7) v b
NOTEEZERIS, #WEHEICMR T, YHhoMRErD
MLEN2¥y 7, Ny~v—, Z74E,
RIS A EHBDEMS N, Yy 7 beF Tk
5% LRI EAER L 72,

757y MIICAE U2 R iR,
EITE SN BAHDKRRORIF TH L. v ML, —F
T, BRAZLEOARDEZBL, B, Y, BB
[t —F 2] LI RFH LWz EABL, )T
&, RERRWE O L) RO v g
b, HREET, HEAEZENT 700 E LD
E9l kol ZOBERICHLDIIF, HiFHORERL
BIFRZ OB OB - BB, whIXIK I %
HELELEIRELDTHS.

WHATEIDSS | SRS L2 8EHNE, By - #1203
X ABEM R OME (Perception) %8z, HiT i
ROFRIHELOTHY, UL, +—27 VIIEH
END L) By v RVEELHEXZAL T, MR~
DHLVEEH WD/, £LT, ZOHTHH
&, BUIHASRROREBICH L, F—2 VDX %
SMERZ 25 LD o7.

¥ N

L

B
1) RIWONRIZ 7270 Y Mg, I3—avNlE
W, FramRtEE LT, BEAIHEED SRS
LT/ (Shepherd 1980).
2) G. Child (1957) 12 X 1L, Spiennes #i1l1% /L Tz
®1% (Industrial community) & W) IFEDKE (Clan)

=

3)

5)

THY, HooEEERIE, WL oK (Regular
commerce) Z& o THEFEINTVIZL W,
LTI, BRHIHASRKRICAS & (35000 BP
DOE), ¥ 7 eFr IV - LA RWPLIIL TS
(Vermeersch et al. 1990).
INSOERWRRICIIA I 2 GRS % (Gargett 1989,
1999). ML 2L Cldabhvold, K AEEEE
ELAAATFVT YAV FA N =i, BOZELEA
AN THEOIHNIHEL Twhnin) ZETH
5.

F—27 VORI, 77V A RECBWTIE, Middle
Stone Age \ICF CT#l A, HlziEX, M7 71 & ® Lion
Cavern (10ka-43ka) TIi&, #HTHOEE (¥ 60ke)
HEBICHEDATN TS, Zhbid, 25kmoHiPHIC
W HWEBED SRS 7z (McBreaty et al 2000).
Klasies River ¥ Ti%, 180 b @ “$FEIR" D+ — 2
VHHRE E T\ 5 (Singer et al. 1982). Porc Epic (T
F 4 ¥ 7 ) EB (61,000-77,000 BP) 7451, 298 mio
F—=I VHEERER TS, 09540 MIFEE, B
BHEBZALTEY, A 1 maE ShTws, HE
PRASN-ORFORBTHY, Zhdid, A4
RESH, RicEShoTEEV L LN ShTw?
(Clark 1988; Clark et al. 1984). L THL &, Hi%
HBOHEMIE, Fr—F 80%), ZRE (79%), L
i (55%) L) EEGTH Y, BIEA O Modjio 14,
YR O LT H P 320kmD & 2 AHI2H B.
BefithE & b %) 0B, Cro Magnon (c.30,000
BP) # L T Sungir (c.28,000 BP) #ligx &35, +—1
=% v 7R 5N (White 1999).

7) Kostenki D+ —27 ViZowTid. ¥y 7H¥ET AT

8)

3 — - YRS 3ERT O EJO.Tupus KO THORIZ L 5.
(799747 M, BICHEEPNEE”ROT 2013,
BB L7295 7% [7Y M) =] 2R&EHTFB L) B
B 5 O (release from proximity) &\ 9 34
EIFV P REIRLTL 28wy B LB
Thb. HiElE, HEWIEZSEDE TV ARBERE
RADBZEZIZ0Rw-Fefdbegihwv - L) BfE~NE
BRI ELILETHY, L, WM &2 LT
SMEREREIEL L V) T L2 EKT S (Gamble
1999). #%#Fix, #HlAIE, AYF—L#EFe vz - X
Ab=y Y 7THBECTRONS &) R BHEENHITS
ZETHY, FhE [Kikn 5 (adiew 5 HHE (au
revoir) ~\J (Gamble 1999) OZfLL LTEHZ A2 &
MURETH L] (U  2012).

9) Sungir ¥k D 100kmE A 5134+ — 27 V& AF LK%

10)

otz BV TRET AT I— - WEEWEN O 4.
Kyspmun KO ZHORIZ & 5.

R. White 2k 2 &, H15EI2132936 X, B2 H5ED
1&21C1E, #hEn 4903/, 5274 MOZF Y — X
PHER SN D v EBWRIERICLIME, €—-X1
HAEEDDOIZH 45 5% T % (White 1999) o T, #{E
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An overview for Upper Palaeolithic digging activities for the
exploitation of underground resources
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Abstract
Developments in bone industry during the Gravettian period brought on two major innovations: the development of
new aesthetic representational methods; bone tools also helped with the development of new digging techniques which
helped in the construction of dwelling and the opening of graves. These developments contributed to the regularization
of the rhythm of social life and the organization of lived space for prehistoric peoples. An additional contribution was

also that the exploitation of underground resources became possible; ochre was the first mineral resource to be sourced

underground
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EBIDDTN—TDOVTNPHETLEODTH L EAMETEND, RILRHEFEELE L2b0T, SHITEMKN

WCEZOHIRRPL IR Z HERE LD OPHET LI ENTES.
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BB R 2D ED-XRF & M\ 72 JEBEEGATIE & 5 FEENT ~ OISR T E 5.
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WIS AICE A, 2038 QUNIEA 2009). BRIk
BEOILER~FE~FEIIH,T T, HESE S hH
v, AL, KIS S ko TR
oL, BEAIZ, ZoBoXRLREEEHPTOBRS
e LTEEND (LNIEA 2009). FEEBC, ARZET
St L7 BEAFER ORI, 2o TrKuEs
Brhoge LTiEL, SRINLAHME, (2132 OENRE
OKINAEOSARPEIZ—% 55 (K1), K3
THM L72HBORE S RAZIZO WL, KINEH»
(2014, 2015) 1Y FLDHHNTVA.

AEHRIUZ BT, $RILL 72 30R S HU B i L D
BHEHBTELdo0, TN ALY TEZSD
Oh%E, HEICXHTLZ L e L R oORIUFER
ARFESOMNIT AL, BH - 2B (2015) 1I26to7z. $F
WL 73RN, M S EMEICEI L, RIGEKEHE
S (B TS L Tw 5.

FbPEoRE &1, FEEE LCHET AME2 S
7250 THAHILEEIRL, ZhoidKILUFAEET D
BELTETLILOZIET. 512, FmPeREMRIC, &
HRLOHTROBE LT, FEIEPLTVLHMND,
WHEK L TEELNLBEHEHMTELI LS, FHH
BoREICEDLZEE L —J, RboREs
i, TMRRPHIKICEELE LTHET 250X, #LiEmzEo
KR, BEroTaREO ROBE L THET S
bODZ L EIET.

b PEORE &1L, MEWR L, ANFIGEILFEI2 6 %
BELTWRBBEATHY, ABNLRHEEOREL 2T
WhWHIAER (primary) REBAOREMRTHL Z L%
BT 5. —F, RHEEoRFEL, BB ED,
7 &0 HRBL R NBW L BELO R % 2\ 7275
Wa &, TR (secondary) ZEIEAEEMTH S
CEEEKRYT L. E7, S, FEHECEL ST, H
FEHIZBWTIE, FAOBIZR > ThASNE IR T
LT Ee{ Ml wn. Zo0XH)REAEEDITHEIEE
B EIE, ABNREEEZZ T TWBEERTIES
B0, WEPITEMOBEBRTEHSH 5722 EERT—20
AT H D, FEFICEREORSWEERE L TRELT
W ZEDNTESL, LoT, AHEEUGHEERICBITS
REHRIICB W T, ARTHEILIEDLVDHOD

&, ETHRL, ZofsicBuTiRdbEBRLZAED
FADOARZRIT AL & Lz, BREMIZB W THRINE
Nz wTiE, KJINEA (2014, 2015) 12T, #*
AZHRE SN TV 5.

3. 2n{tFink & REROHEKRES

FRREA SO M CHRIN L 7230t o @ i, IR R
BREAEY Yy — (REBPEEAN) B s i E
o6 X Mo HT#6iE  (Rigaku Primusll+) % VT L
7o, FTIE, BB - 12 (2015) IfEv, EARENE 4
H OB L7-0b, @] (Merck Spectromelt A12) &
FRFE 500012755 L HREEGDLE, FEAKGMEREZ
HWTHZ A= FELTEELZ 08id, 31 D
HTHRIL 723 5, RN 1 sofifkzsmt LT
1o7z. si#riFEiE, FEICHE (SiOz, TiOz AlOs,
T-Fe:0s3, MnO, MgO, CaO, Na:0, K:0, P:0s) &
i (Zn, Rb, Sr, Y, Zr, Nb, Th) THhs. Z
NoDERGHHERZ R TITRT.

Bk S IC B 5 RIBAOFEITLEOAF % 100wt %
ELTHEME L, TASK (Plot of total alkalis against
SiO: : Le Maitre et al. 2002) LiZ7 w2y M35 &,
TNARBE IR (K2). ZoFFHE‘ZE
Si0: D EAFEIL 71.96 ~ 7511wt %, Na:0+K.0 D&EH
13 9.33 ~ 1039wt % TH 5.

WIS, BRI ES 2 BIRA 2 e RIS HE D Ww
T, EOXHEHMTELPMET L. 22Tl M
DIZ, EHEROSH (RKMEE RMEDEDEE) 23
REVTTRZIREE L, oWl etk o b m 25802
DWCHERR L. $5&, SrOEFRN KD S (07
~156ppm) 2KEL, ZhSodREME (815ppm) 12
9L KM L /MEE LTI w724l (149ppm) @
HEFI8B% TH DH. HWwT, FHOKEVWILHEIZ
MgO ® &4 % (002 ~ 0.18wt%) T, T D
il (0.10wt.%) 1259 2 KM & /Ml 7 L5 [\ 72l
(0.16wt.%) DOHIEIL160% TH 5.

U EoRIZESTNT, SroEHERIZNT 5 MgO
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Chemistry ~ Group 1-1  Group 1-1  Group 1-1  Group 1-1  Group 1-1  Group 1-1  Group 1-1  Group 1-1  Group 1-1  Group 1-1

N-3- N-3- N-3- N-3- N-4- N-4- N-4- N-4- N-4- N-7-
Sample No.

288-1 289-1 290-1 291-1 280-1 281-1 398-1 399-1 400-1 403-1
*GPS No. No.7 - No.8 No.5 No.55 No.55 - No.72 No.71 No.76
Lat. (N°) 36.30286  36.30268  36.30303  36.30712  36.33043  36.33047  36.33043  36.33043  36.33046  36.32263
Long. (E°) 133.23918 133.23935 133.23838 133.23468 133.23904 133.23909 133.23916 133.23929 133.23940 133.23176
Lolity  Torigoe  Torigoe  Torigoe  Torigoe it amaru akamiru  komory akama KO
Oceurrence primary primary primary primary primary primary primary primary primary primary

(outcrop)  (outcrop)  (outcrop)  (outcrop)  (outcrop)  (outcrop)  (outcrop)  (outcrop)  (outcrop)  (outcrop)

in wt.%
SiO2 74.76 74.85 74.78 74.75 74.75 74.72 75.00 74.94 74.90 75.02
TiO2 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Al203 12.72 12.73 12.71 12.75 12.78 12.76 12.77 12.77 12.77 12.76
T-Fe203 1.96 1.96 1.96 1.97 1.97 1.97 1.97 1.97 1.97 1.98
MnO 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
MgO 0.03 0.04 0.02 0.03 0.03 0.02 0.03 0.03 0.03 0.03
CaO 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57
Na20 4.20 4.20 4.19 4.20 4.21 4.20 4.23 4.20 4.19 421
K20 5.17 5.16 5.16 5.17 5.15 5.16 5.11 5.13 5.12 5.12
P20s 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
total 99.60 99.70 99.58 99.63 99.65 99.59 99.87 99.80 99.74 99.88
in ppm
Zn 78.7 78.9 78.2 78.6 78.8 78.8 78.8 79.7 78.6 77.9
Rb 228 227 229 228 227 227 222 221 222 222
Sr 1.5 1.3 1.0 0.9 1.2 1.1 1.1 1.5 1.0 0.7
Y 50.7 50.9 51.1 50.9 51.7 50.6 50.8 51.5 50.9 51.6
Zr 316 315 313 315 321 318 317 322 320 321
Nb 79.5 78.1 78.4 79.6 78.3 78.0 79.0 78.6 78.5 78.0
Th 27.4 25.7 27.4 26.8 26.8 26.4 27.1 26.4 26.6 26.5
Chemistry ~ Group 1-1  Group 1-2  Group 1-2  Group 1-2  Group 1-2  Group 1-2  Group 1-2  Group 1-2  Group 1-3  Group 1-4

N-8- S-10- S-10- S-11- S-2- S-3- S-4- S-5- S-9- N-2-
Sample No.

417-1 389-1 390-1 391-1 285-1 338-1 335-1 382-1 409-1 309-1
*GPS No. No.92 No.62 No.63 No.64 No.4 No.50 No.46 No.2 No.86 No.30
Lat. (N°) 36.32137  36.17736  36.17715  36.18313  36.17987  36.17671  36.17694  36.17636  36.19616  36.30069
Long. (E°) 133.22968 133.29893 133.29997 133.26449 133.30402 133.30006 133.28888 133.26978 133.32680 133.21063

. . o o o Mipoqra— Kamo- .
Locality Kumi Kishihama Kishihama Kamo Imazu Kishihama nishi- Atagoyama Okinoura
kaigan sasuka

Occurrence (gﬁ:;:;g) (Erlj:‘:ragg) (l; ::;?:gg) (E))E:cq:;g) (Eﬂrgi’rg) secondary secondary secondary (gﬁtr::gg) secondary
in wt.%
Si02 74.96 74.46 74.80 74.81 74.53 74.57 74.39 74.97 72.40 72.53
TiO2 0.12 0.15 0.14 0.14 0.14 0.15 0.15 0.14 0.19 0.17
AL203 12.76 12.86 12.84 12.87 12.81 12.91 12.91 12.72 13.99 13.70
T-Fe203 1.98 2.15 2.09 2.12 2.11 2.16 2.18 2.06 2.39 2.37
MnO 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.07
MgO 0.03 0.04 0.02 0.03 0.02 0.03 0.03 0.02 0.10 0.07
CaO 0.57 0.60 0.59 0.59 0.59 0.60 0.60 0.58 0.71 0.70
Na20 4.20 4.28 422 4.24 4.26 4.28 4.26 4.18 4.48 4.40
K20 5.12 5.17 5.17 5.13 5.21 5.19 5.17 5.16 5.63 5.57
P20s 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01
total 99.81 99.78 99.94 100.00 99.74 99.96 99.76 99.90 99.98 99.59
in ppm
Zn 79.5 83.7 82.6 82.4 82.2 82.5 82.8 82.4 69.5 70.8
Rb 223 215 216 215 220 215 214 218 200 207
Sr 1.1 1.4 0.8 0.9 0.8 1.3 1.0 1.0 1.9 2.0
Y 51.1 51.8 51.5 51.5 50.3 51.6 50.5 51.9 44.4 44.8
Zr 321 405 392 396 397 407 421 376 411 396
Nb 78.5 76.8 78.0 77.2 77.7 76.9 76.1 76.7 69.3 71.1
Th 27.0 27.4 26.6 26.5 25.8 26.7 27.1 26.6 24.1 24.8

*after Oyokawa et al. (2015); Table 1, and Oyokawa et al. (2014); Table 2.
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x1 (#2)
Chemistry ~ Group 1-5 Group 2-1 Group 2-2  Group 2-2 Group 2-2 Group 2-2 Group 2-2 Group 2-2  Group 2-2  Group 2-3  Group 3
S e N N-6- S-6- S-1- SE-1- SE-2- SE-2- SE-3- SE-3- SE-4- SE-4- SE-1-
ample No.
P 397-1 334-1 340-1 296-1 315-1 316-1 324-1 326-1 301-1 299-1 295-1
*GPS No. - No.44 No.52 No.13 No.36 No.37 No.40 - No.18 No.18 -
Lat. (N°) 36.33086  36.16962  36.19683  36.20639  36.20803  36.20847  36.20575  36.20482  36.20434  36.20436  36.20671
Long. (E°) 133.2429 133.26879 133.33257 133.36684  133.3675 133.3676 133.36511 133.36548 133.36472 133.36493 133.3672
. Kanbi- Atago . . . Oike- Oike- .
Locality Rumi- = “ihic yamakite- OX€ Oikekita Oikekita OIS Oke-  eike-  meike- OIKe
takamaru Kai . higashi nishi nishi L . higashi
aigan kaigan kaigan kaigan
primary primary primary primary primary primary primary
Oceurrence (outcrop) secondary  secondary (outcrop)  (outcrop)  (outcrop)  (surface) (surface) secondary  secondary (outcrop)
in wt.%
SiO2 74.57 72.27 72.28 72.04 72.15 72.22 72.24 72.36 71.99 72.04 71.51
TiO2 0.12 0.20 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.22 0.25
Al203 12.71 14.29 14.28 14.22 14.20 14.25 14.23 14.25 14.23 14.30 14.45
T-Fe203 1.98 2.25 2.10 2.09 2.09 2.09 2.09 2.09 2.09 2.12 2.17
MnO 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
MgO 0.05 0.14 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.18
CaO 0.58 0.71 0.69 0.69 0.69 0.69 0.69 0.70 0.69 0.72 0.75
Na20 421 4.44 4.34 4.20 435 435 434 432 435 434 435
K20 5.07 5.76 5.84 5.88 5.89 5.90 5.89 5.84 5.88 5.90 6.01
P20s 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03
total 99.36 100.14 99.96 99.55 99.80 99.93 99.91 99.99 99.66 99.87 99.75
in ppm
Zn 79.1 62.1 553 54.9 55.1 543 55.1 55.2 55.1 54.6 53.6
Rb 219 197 198 203 204 202 204 196 201 199 197
Sr 3.5 5.1 9.1 9.3 9.4 9.0 9.3 9.5 9.0 11.0 15.6
Y 51.2 39.8 36.0 36.8 36.2 36.6 35.8 36.5 36.8 35.8 33.8
Zr 316 383 352 351 352 353 351 352 352 363 384
Nb 78.8 60.4 54.1 52.9 53.7 54.1 54.2 52.4 53.4 52.0 49.4
Th 26.8 22.8 22.8 23.7 23.7 23.0 23.6 23.0 22.5 22.0 21.2
*after Oyokawa et al. (2015); Table 1, and Oyokawa et al. (2014); Table 2.
16
Obsidian in Oki-islands
14 1 analyzed in this study
12 1
o alkali
< . hyolit
S ... Thyolite
= 10 R
= ine geries
L
Oﬂ 8 A“\u‘
E — subalkali
— o .
L eeries rhyolite
O 6 1 [lne 3,15?1 Y
aﬂ _F’_.-f“/- Suhﬂlka
Z
4 -+
basaltic | andesite dacite
2 1 / basalt andesite
0 t t +
40) 50 60 70 B0
SO, (wt.%)

2 BXSHEREAREEMEMD SiO2 (LT % Na20+K:0 DEFEROHHEX



B FEE 127

EOMBZRL, ThOHILROEHTLIFHIIEIV
T, low Sr-Mg (Sr < 4 ppm, MgO < 0.12 wt%), mid
Sr-Mg (Sr =4~ 14 ppm, MgO = 0.12 ~ 0.16 wt.%),
high Sr-Mg (Sr > 14 ppm, MgO > 0.16 wt.%) ® 3>
DB 7V — 7 (chemical group, chemistry) Z5571F
7z (3). %3, high St-Mg 24T 5 b Dix 1k
Thh, AT SE1-295-1 (i) THs (K1).
N300 7N —T LD Sr & MgO @
EHBREHEOMMIL, UTIC%Y, Group 1 ~3 &
RL7z

Group 1:Sr =07~ 35 ppm, MgO =02~ 01 wt%
Group 2 : Sr =51 ~ 110 ppm, MgO =014 ~ 0.15 wt.%
Group 3 (SE-1-295-1) : Sr = 156 ppm, MgO = 0.18 wt.%

ERD3IOD TNV =T % X5 B Sr & MgO Usto
TRERMT 720, Srict 2% 0»0nFOEHE
WKOoOWTOFAREER L2 (K4). §5&, Srk
MgO LLAHIZ TiO:, K:0, Y, Nb, ThOEHETD,
NS 3OO N—TEREPLTHL P TELIL
DHEFRE Nz, E 51T, SriZxtL TiO:, K:0 &A%
WCIEOMBAS, —J5, Sricx LY, Nb, Th &A%
WCEOMMEAR SN ZhbiFEid, K3 ofkEr
5, Sr 7213 Th < MgO OEAFEITH L THIEDOHEE,
HLVIHOMHBEERTODEFZ 5.

UEDZ EH 5, low Sr-Mg (Group 1), mid Sr-Mg
(Group 2), high Sr-Mg (Group 3) £\W9 32D )L —

"X, SrEMgO2 &0 7-8(BoixEkr v, Sr+
MgO+TiO+K20 & At L7z & A FiZxt 3 5, Y+Nb
+Th % Gt L 72 & A RO A X TRHRWICK 5T 5 2
EMTEBLEFRA. 7272L, ThHLEOEAER,
ZoFF7oy PLTE, BIZIE EZEITE (MO,
TiO:) &, f&EILF (Sr, K, Y, Nb, Th) & Ti,
WA L CORAPKRELS R 2L, Fio, BEITRICB
WTHERMICEREOMK N Sr (07 ~ 151ppm) &,
ERMICEREOR WY (338 ~519ppm) & Tid, #k
AR BT BNETEORANRE LD, LoTIIT
(&, HERIL AR O SERAMTR G ZET5E1T) CTh
% JR2 OHfESEfE (Imai et al, 1995) % H\WC, %Kik

DEHREBIELL, BAHKIRENLILHOEALAE T
E720¥—bL7 B, I THWZJR2 O
fli 1Z, TiO: = 007wt.%, T-Fe:0: = 0.77wt%, MgO
0.04 wt.%, Zn = 279ppm, Rb = 304ppm, Sr = 8.1ppm,
Y = 51.2ppm, Zr = 96.5ppm, Nb = 187ppm, Th
315ppm TH 5.

JR-2 OHEFEAE THAEAL L 72 Sr+MgO+TiO2+K-0 {2k
$ % Y+Nb+Th OEFHROUA X % X 5a (2/RY. Z0
WX BT, B (=X) Lt (=Y) offiiz, Bx X
FIRIB OB TRERN, Group 1 ~ Group 3 1%, LT
O & it oEo (Y/X) T, H#Hoohs.

Group 1 : Y/X ratio = 1.17 ~ 254
Group 2 : Y/X ratio = 0.64 ~ 0.84
Group 3 (SE-1-295-1) : Y/X ratio = 052

r 1239 % MgO oA (43) 1235WwT, Group
2 (mid Sr-Mg) &, K& 3OoDMELH R E R ICX
GEh, ZITE, ThHE SrOEHEROKNS D
% Group 2-1, Group 2-2, Group 2-3 D% 77 NV—TFIZ
XadhZkE L7 %3B, Group 2-1 & Group 2-3 1
HETZH0IE, TNRZN1IHABOATH L. ABET
1%, Group 2-1 #% S-6-334-1 (%J%ﬁ?ﬁ%), Group 2-3 7%
SE-4-299-1 (BithZcithiffst) Thsb (F1).

4 OWARRIZH S &, Group 21 ~2-31%, Srd
BHEOIEINMIZ, TiOz T-Fe:0s, Zr DEHHETHKX
GHUETH L. TNHILED ) B TiO: 1, Sr D
AR L CIEOMBZRY. —TJ5, T-Fe:0s & Zr ®
EHRIEZ WTRLEWDL DD 5 Group 22, Group
2-3, Group 2-1 L WIHEFIZH L. 5D 0D,
Group 2128} % 3 20% 77 )Vv—T71%, Sr+TiO: D&
A (=X) ST 2, T-Fe:0s+Zr OEHFE (=Y) @
A2 W TRERINICX 3 TE& 2 L F 5. FRHERE
JR-2 OHEZEAE THAKAL L 72 WA 2 X 5b \RS. 2o
WU R S, Group 212815 32077V —7T0
Xih& Y WoMoO#EMIITTH 2.

Group 2-1 (§-6-334-1) : X =349, Y =6.89
Group 2-2: X =411 ~417, Y =635~ 637
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Primal classification
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(Sr+MgO+TiO,+K,0)
faY
A A
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Sub-classification for Group 2

1 2 3 4 5 6

(Sr+Ti0,),
Group 1-2 Vs Group 1-3
/
B o
S FiN
; \ o
QD ! Group 1-4
A o
' ®
Group 1-1
) Group 1-5
ks o
Sub-classification for Group 1
0 i 2 3 4 s 6 7

(Sr+Mg0),,

EESFHERICESVEEEDRBOEZNIE (a~c)

Group 2-3 (SE-4-299-1) : X = 450, Y = 651

Sr 239 % MgO oAl (14 2) 12B\»T, Group
17y ML, KEL 4 OOMBRHEFFEICX S
NBY, ZOHRTSr & Mg DEERFRHIEN7 T 2
% — (K3; Sr<15ppm, MgO<004wt.%) 1%, SriZxt
3 % TiO2, T-Fe:0s, Zn, Rb, Zr DA (M4) 12
BWT, EHRE2DOD7FAF—=IZnFons. Ihb
22502 7 A% —13, TiO: T-Fe:0s, Zn, Zr DEH
HOBENBDLFHWLDIZHTbh, 22TE, b
TEDEFRDBENY 5 A% —% Group 1-1, BV 5
A% —% Group 12 L X555 2 & L7 (K4).

6D ENS, Group 1 ORLKIX, &EF5oD
BT IN—-TCHETAILENTE, oW TS
V=71, Sr+MgO OEHH (=X) 124§ % TiO2+T-
Fe:0s+Zn+Zr O &4 H (=Y) O#Ai X (JR-2 D HE3E
TR 2T, FRMICKSTE S (X 50).
Z ZTl&, Group 1-1 & Group 12 P77 v—7
X, Xl YHioEOE D DD 5 Group 1-3, Group
14, Group 1-5 & L 7. % 3B, Group 1-3 ~ Group 1-5
YT 201, wWIhd 1REOAT, Thth
B S9409-1 (FA), N-2-309-1 (3 /i), N-6-
397-1 (AHEAA) ThH (K1) B5c OBAIHIER
b, Group 1-1 ~ Group 1-5D52DH T 7 )V —7
DX he Y foELHpEE, LT THb.

Group 1-1 : X =062 ~ 1.16, Y =750 ~ 761
Group 1-2 : X =060 ~ 117, Y =857 ~ 9.17
Group 1-3 (§9-409-1) : X =273, Y = 10.08
Group 1-4 (N-2-309-1) : X =200, Y = 961
Group 1-5 (N-6-397-1) : X =168, Y =756

DloZlzirosdl, REBHIZHEITZEELE
FEHIZ, AEF9 DORIKN % TNV — TGS H 2 &N
T&5LEERD. ZOXGOHERF, T3, Kballm
FTEHAEIZ X Y Group 1 ~ Group 312X 9 5. FL
T, Group 1 & Group 2 IZX43rE3Nzd ik, ThEFh
B 5c &M Sh ISR HAKEHNT, ThThotT
7 WV—7 (Group 1-1 ~ Group 1-5, Group 2-1 ~ Group
2-3) IZX55§ 5.
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AL E VT, H 2 BEA O % P 5 A
WK L72wa, ShSEHREZ R, 9207 Vv —70
WIENPICHLTZ DD THE0ENEHRT L. £L
T, EOT7NV—=TIIMET 2L DOPDHERT I,
K 1ISRT, Zh—7 T L OO #1555 Ai 1 H
5, ZORNEHOFEBAFIEEBZENOBAKIZEZ O
MR Dh, L OISR EREEL LD TE D,

4. FEESMEEZAV-REROEREK S

BRI v & — 3 O T 3 )L F— 4o
X ¥4 Ar##E (ED-XRF ; SIT SEA 1200VX) % H W,
WD-XRF |2 & 2 Z &5 & | Uk EHc > wTof:
EROM A EM L2, &P, WE I EErE L 2wz
v, 39 xX—%—13 8mm IZ5E, WERH I 300 #
ZARBE L7z, SAEORIZIZFP 32 Hv, FRER
BHIMH LT, iR 2R 2 1R F. bk
(&, EEIL#HE (Si02, TiO2 AlOs, T-Fe:0s, MnO,
CaO, Na:0, K:0, P:0s) & f#ic# (Rb, Sr, Y,
Zr, Nb) Th 5.

9, B 5N EDXRF I & 2 L@ EaIkEoR
B E MRS 5720, Wiz WD-XRF 2 X 5 E &5
P& IR L, TR DIEMEZRD7-. #HR, WE
LS NZTROPT, ROMBEBRE R) 2¥MEwIT
#13 P20s5 (006111) TH 5. DMt Si0: (0.83590),
TiO: (0.99040), Al:0s (0.98942), T-Fe:0s (0.86437),
MnO (0.94930), CaO (0.95266), K.O (0.94355), Rb
(092459), Sr (0.99526), Y (0.97068), Nb (0.95118),
Zr (087973) @ FiE, MBS0 EE 4o
7oo 7L, MBERES03EZHEAILLDOOHRTYH,
T-Fe:0s, CaO, K:0, Sr, Y, Nbid, m&o5Hicst
TEMENI0% ERESHER S, $4bL, ED-XRF
& 2P RSHTEE WD-XRF 12 X 2 Emaiiiis o
EHIBIZTE 2R, P0s B, HERKEIES
N7z FICE L CTid, ED-XRF IC & 254> A% H
W74 51E, WD-XRF 2 & % w4l & Asko b
BN EED WX R T 5 2 BB X 2R LR
BENnD.

ZIT, H4RM5 IR LRSI EICE DV R

W ORI 2 X 552°, &2 % CRERaEz v T
B RE MG L7z, £3, Sr & MgO o &A=k
W72 Group 1 ~ Group 3 X593 %728, 5a 7R
FIHED S FEOM ST Th & MgO &Y
BT, JR2 ORI THIELL 72 Yb+Nb (=Y) (2
%9 % Sr+TiO=+K0 (=X) &4 H O A M & 15 1
L7: (H6a). Group 1l ~3D7V—FTLnXHhe Y
OWIILDTTH 5.

Group 1 : Y/X ratio = 2.19 ~ 3.16
Group 2 : Y/X ratio = 0.13 ~ 0.19
Group 3 (SE-1-295-1) : Y/X ratio = 0.10

TEHEAM A S Group 2 ICXK a3 N2d D%, X523
SO¥ 77 NV—7F (Group 2-1 ~ 2-3) IZX53T 5720,
5b L[] U, T-Fe:0s+Zr (=Y) 1233 % Sr+TiO:2 (=X)
DERFEORAIK (JR-2 O THAIL) %[ 6b (2
RY. ZOEAAKICBIT S Group 2-1 ~ Group 2-3 DY
TIN=T IO X YHMOMERLHHIE, DT TH 5.

Group 2-1 (S-6-334-1) : X =294, Y =620
Group 2-2 : X =319 ~ 340, Y =539~ 6.00
Group 2-3 (SE-4-299-1) : X =379, Y =6.11

FEAIZ Group 1 TXEN2b D%, 55D
OHF 77 NVv—7 (Group 1-1 ~15) IZXK3T B0
BT % X 6c 1R Y. 22T, B 5c IR ILEDR,S
GHEOH SN TV Zn & Mg 21U R, JR-2
DHEFAE THAEAL L 72 TiO2+T-Fe20s+Zr (=Y) 1ZRF
% Sr (=X) DA EER L7 (K6c). Z DA
2B S Group 111 ~ 15077 V=70 Xk Y
oM HPIX, DTTHh5.

Group 1-1 : X =0.00, Y =640 ~ 6.88
Group 1-2: X =000, Y =730~ 830
Group 1-3 (59-409-1) : X =010, Y =838
Group 14 (N-2-309-1) : X = 0.10, Y = 860
Group 1-5 (N-6-397-1) : X =0.10, Y =6.77
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x2 REAREMHAPMOFEEITER

Chemistry Group 1-1  Group 1-1  Group 1-1  Group 1-1  Group 1-1  Group 1-1 Group 1-1  Group 1-1 Group 1-1  Group 1-1  Group 1-1
N-3 N-3 N-3 N-3 N-4 N-4 N-4 N-4 N-4 N-7 N-8
Sample No.
-288-1 -289-1 -290-1 -291-1 -280-1 -281-1 -398-1 -399-1 -400-1 -403-1 -417-1
in wt.%
Si02 76.22 76.08 74.00 76.30 76.04 76.18 76.23 76.24 76.61 76.28 76.27
TiO2 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09 0.10 0.10
AlO3 12.81 12.83 12.57 12.90 12.88 12.86 12.93 12.91 12.92 12.89 12.90
T-Fe203 1.62 1.63 1.59 1.60 1.60 1.63 1.59 1.55 1.56 1.59 1.52
MnO 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
CaO 0.43 0.43 0.47 0.42 0.45 0.46 0.44 0.42 0.41 0.43 0.43
Na20 4.73 4.88 7.08 4.67 4.90 4.75 4.71 4.95 4.55 4.68 4.78
K20 3.90 3.85 3.71 3.82 3.84 3.81 3.80 3.65 3.68 3.83 3.81
P20s 0.00 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
in ppm
Rb 203 204 198 200 202 201 198 195 193 198 192
Sr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Y 69.3 68.5 66.9 66.9 67.7 67.7 66.9 65.4 65.4 66.9 64.6
Zr 315 321 307 309 314 317 309 301 305 318 294
Nb 129 129 122 129 129 127 127 124 124 126 123
Chemistry Group 1-2  Group 1-2  Group 1-2  Group 1-2  Group 1-2  Group 1-2  Group 1-2  Group 1-3  Group 1-4  Group 1-5
S-10 S-10 S-11 S-2 S-3 S-4 S-5 S-9 N-2 N-6
Sample No.
-389-1 -389-1 -391-1 -285-1 -338-1 -335-1 -382-1 -409-1 -309-1 -397-1
in wt.%
SiO2 74.05 76.26 75.74 74.10 75.68 75.80 76.08 72.19 74.43 76.16
TiO2 0.11 0.11 0.12 0.11 0.12 0.12 0.11 0.15 0.14 0.10
Al203 12.73 12.99 12.96 12.74 13.00 13.03 12.84 13.88 13.90 12.84
T-Fe203 1.63 1.66 1.73 1.63 1.76 1.70 1.65 1.83 1.90 1.61
MnO 0.05 0.05 0.06 0.05 0.05 0.05 0.05 0.06 0.06 0.05
CaO 0.47 0.42 0.45 0.46 0.45 0.45 0.45 0.55 0.52 0.43
Na20 6.89 4.74 4.92 6.78 4.88 4.92 4.83 6.85 4.75 4.82
K20 3.68 3.62 3.86 3.75 3.91 3.78 3.85 4.12 4.15 3.84
P20s 0.26 0.00 0.00 0.24 0.00 0.00 0.00 0.24 0.00 0.00
in ppm
Rb 184 193 197 190 194 185 198 169 182 199
Sr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.8 0.8
Y 63.0 66.1 67.7 65.4 67.7 63.8 67.7 55.1 59.8 66.9
Zr 344 358 372 351 414 388 372 374 398 312
Nb 115 125 126 120 128 122 125 109 120 126
Chemistry Group 2-1  Group 2-2  Group 2-2  Group 2-2  Group 2-2  Group 2-2  Group 2-2  Group 2-2  Group 2-3  Group 3
S-6 S-1 SE-1 SE-2 SE-2 SE-3 SE-3 SE-4 SE-4 SE-1
Sample No.
-334-1 -340-1 -296-1 -315-1 -316-1 -324-1 -326-1 -301-1 -299-1 -295-1
in wt.%
SiO2 74.06 74.01 72.23 73.98 72.06 73.98 73.96 73.93 73.72 73.48
TiO2 0.18 0.18 0.17 0.19 0.17 0.19 0.18 0.19 0.20 0.22
Al0O3 14.41 14.40 14.15 14.50 14.20 14.43 14.42 14.40 14.46 14.69
T-Fe203 1.78 1.71 1.62 1.74 1.58 1.66 1.65 1.70 1.76 1.79
MnO 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05
CaO 0.55 0.54 0.54 0.54 0.51 0.52 0.52 0.52 0.54 0.56
Na20 4.46 4.61 6.75 4.50 6.89 4.65 4.75 4.70 4.64 4.54
K20 437 437 4.12 4.36 4.19 4.40 4.35 438 4.48 4.53
P20s 0.00 0.00 0.24 0.00 0.24 0.00 0.00 0.00 0.00 0.00
in ppm
Rb 173 177 173 182 165 173 171 178 180 175
Sr 3.4 5.9 5.9 5.9 5.9 5.9 5.9 5.9 7.6 11.8
Y 53.5 52.0 50.4 52.8 472 49.6 49.6 52.0 52.0 49.6
Zr 375 345 341 361 322 333 332 353 369 386
Nb 109 105 97.2 106 94 97.2 97.9 104 102 100
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5. RIKSRICH T 2 READFRERBEN

BT, FREONIE mEomE, oA
RoO3OPEMAOEEZFERE LTHILA TV S
(BEARIZ 221984, B 1986). 72721, TNSDOEMEM
BEOREOWMY L HMPA 2 RTH, Tl dibme L
TR TE DDA HD S\, 22T, FIbE -
FE 7 EOFEOEIROEHRE & b2, &Rt
BAZHeD VT, BEaligE %z, SoBE, #imn e
PR T & L TR T E 2RSS 2 et L7z, 76
FHLE N FE D W TX 4 2 L7z Group 1-1 ~ 1-5, Group
21 ~ 23, Group 32OV TOREMIEZK 1 ITRT.

FINE A (2015) Tix, ED-XRF 2 X % M@ fs 51
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X4 L7z La L, HBIKET, 7283 %H
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I Gy & 4 - &l - 448) © Group 1-2
e s (it - %) © Group 2-2, Group 2-3, Group 3
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ML 2500, AROBMICHAES 2 [/l 12
Group 14 1M T2 b0 M T L. S b DM
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UltoZ bnrt, REERIZHITSEREDOREM
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&, 3205 (Point) 1253 b6hb. ZLT, 5
A OB % RO 720, B R HT DR
5N5 %51, Kba~cllmdHAsiE T, —7H,
ED-XRF % & DR IEIT L 2 PRI MHEL 2E S
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ML R 7NV =TS T 2 b D&l d5. L
WINRD T V=TT MY L v i S 2G5,
Bel B 1 LIS o> 3 % JRORE & 5~ B W B AT E V. — T
T, EOTNV—TICHNT 202 ET oI Lo TER
3, e, RikEkeRERE TS 2L T A

R, BRI RN O & Z ofgRe % e & § %
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point), ffi2 (Kanbi point), #/ii (Okinoura point)
DIDOHITDO VT NAPITLY AL T EATED (K1),

T/, FRlTHRAZ e, HLFTH, KBRS
DA, BRI S 14 & I UMLK % FF - 72 WA 25 2 3
BICHELZWE W) OPHIIRETH 5. RIS ®ZHLIC
B2 TN KRG ORI R FF o 7B, R
BT 5 2 G Sh, Rk E# O REA OHM
W EiE, Zn (89 ~ 92ppm), Nb (1050 ~ 105.7ppm),
Y (56ppm), Zr (289 ~ 294ppm) L EDILED A
RPRe 5 UMEENEERE MW 2003). 72, &)
BOAEIICS, 7V A ) mACE ORK % R - 72 g
£ (Si0: = 7453wt.%, Na:0+K:0 = 9.38wt.%) 2% %
b, THIZOWTH, KRiFZELH LU TFHEIC L 5 WD-
XRF & w7 s Ric L 5 &, Zr (236ppm),
Sr (327ppm). Rb (236ppm). Zn (96.3ppm) 7% & @
BODPOWMBEILEOEHRVIR LD (RAEMHE). 2h
Lo EML, M5RM6 ZHWT, 9ODOMMI %
V=T DFTNRPIXGTENDLEDTH S EHhnid,
NI, BRIEEHEFEERE L2b O THh B HEME I3
DTHVWBDESZ 5.
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AEL, Suda (2014) % & TR STV 2 BEHRE HV
TPIIRHEIEIZ DO W T HRE T 2 LEBHSHH. Thbk
MEE L7z BT, ST, RO EICHED VI 5
IZHDWT, ED-XRF % flv 72 A B 25 0 J5UE Hufif
WA e 2 £ CORBMETTRRIME T2 LESH 25 9.

E i

ARHFgEIE, BHARFFERM AL TUE (B) [HEAEA%H
Tt QR EIIRNT > R 7 2 oFfFs ] (FFgefts M),
[ U < TR R D BAFEATEY A2 & A 72 56 At S o AL
(R« R §8), SCEBRLA ALK S s R 72 2
TR RS [t b - EFEBRSEROME R ZE B IS R
RO NBGRE RS | (WFZeER - /NP 1), BARRZdi Rl
ETu vy MEER WAL KERR) 2o 0Bz #
THEIT L BRELREE Y 5 —, REoRBI#HERE
KYFBR, WHERFREANIZEE > ¥ — 5 550 Ol
&AL BHARK (BERRFEDE), HEEEK (B
I D BT HERRESHR), ARG K (B 43—
WG EE), KAERIHIR (BARKEE ) 1 BRIC
ZIMLCTHEVZ. IS0 h 2 ISR L TE#HWALET

51 R 3k

FUF 7 1986 [ RS RE o B A — BARIL A £ RO o

e X M b —] IR REERLSHRE W
FhF O] IWARE S e EE R SWETIAT SN,
pp.65-95

Imai, N., Terashima, S., Itoh S. and Ando, A. 1995 1994
compilation values for GSJ reference samples, "Igneous rock
series". Geochemical Journal 29: 91-95.

FARKE - BARE - BHEY - =% 1984 [HREL,
B XA A MG GRORERHEEC & B AL DR E ]
[V 3TALl o B ARBHARBEZE] W& SO 4 2= B &,
pp.333-359, LLAB, [FIBASrHRR

Le Maitre., R.W., Streckeisen, A., Zanettin, B., Le Bas, M.J.,
Bonin, B., Bateman, P., Bellieni, G., Dudek, A., Efremova, S.,
Keller, J., Lameyre, J., Sabine, P.A., Schmid, R., Serensen,
H., Wooley, A.R., 2002 Igneous rocks: A classification and
glossary: recommendation of the International Union of
Geological Sciences. In Subcommission on the systematics of
Igneous Rocks [2nd ed.]. edited by R.W. Le Maitre, p. 236,
Cambridge (UK), Cambridge University Press.

Bl B - BEFOE - MEPA - FIREIL - SHER - Ik
B - WARA - MR - BRI - IRITE 2014
[ B AR R G o R S b O FR Ay | [IRAR
&as] 31:1-23

Bl - B G - WAE 2 - R B 4 - 4 B BHE - )1 -
AR - T - IR - BRI B - AR -
o ORAE - B TERL - R ME 2015 [EARILERIGE
RO EE R OPARYE | [BRZNERE] 32324

MEBEWTEEZE & 2003 [RIERIBIE BFE RPN
B AHORM EFERONHEE] [HEEH] MiK
My Sz AL i 3 A S 5 17, pp. ME 1B 71, R, M
M#HEERSE

IR R A AL BEZERT 2009 [H006 X Mo AriE i & %
REOREYORERHEE—ERET— <1 >—]
294p. Wnt. WRARSPAM 7 0 > 7 1 THEERESRER

BRAERZ W LM BEZERT 2011 [0 X MOiE I XL %
RO RV OREERHEE—EET -y H<2>—]
294p. WL WIGARZEEM 7 0 v 7 4 THEFERER

EAWE 1997 [H0E X MM & ik - BT o B
WA ORI ] [X $SH O] 28 - 157-168

Suda, Y. 2014 Application of internal standard method to non-
destructive analysis of obsidian artifacts by Wavelength
dispersive X-ray fluorescence Spectrometry. BAR International
Series 2620, pp. 33—45.

PR - LEESEAE 2015 [RYFIREE » eI 317 % i
A PE R R D TTR AT & IR R R O BRI AR A SO
AT (0 | PEIRBREE & M 50 65-82

NS - NSRRI - ARG - A B A - FIDR— - &2
S - IRFNEGL 2009 Mg EF7edidy (5 0@ 1 H
BUiE) PHASHIROME], 121p, D <IE, EEBMREG
R ER e v ¥ —

(20154E 9 H 26 H3A+,~ 2016 4E 1 H 12 H %)



Natural Resource Environment and Humans
No. 6. pp. 73-86. March 2016.

Geochemical classification and characterization of obsidian
sources in the Oki-Dogo Island: Application of sourcing
analysis on archaeological obsidian artifacts
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Abstract

The Oki-Dogo island is one of the major obsidian source complexes in southwestern Japan. In this study, we present
the whole-rock chemistry of the obsidian from the island’s sources. The analysis was performed using the WD-XRF and
ED-XRF methods. Quantitative data from WD-XRF analysis indicate that the obsidian can be classified into nine groups
on the basis of their geochemistry. The relation between this geochemical classification and the distribution of the sources
within each geochemical group revealed that the obsidian sources in this island can be divided into three regions: Sai
area, Kamo area and Kumi area, and three sites: Atagoyama, Kanbi and Okinoura. This geochemical classification is also
possible by the semi-quantitative data produced by the ED-XRF method. The results of our study confirm that the non-
destructive method of ED-XRF geochemical classification is suitable for the provenance study of archaeological obsidian

artifact.
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20154E 8 H 19 H 225 25 HE TA— X MY 7AbF u Vb7 o W SR E B & & ILHE 0 5B O W TR % %
ML 7z, BRI RN ES RN AL O 5 R B O SEl 0 723, IIE I 3515 2 Bk i & BB o Tl B B o B
FOMBEEE L OMMICE VW THRIK LIRS 2720 ThHb. A VAT Vy 2 KFDOD. Y2 —7 7 —HROENT, LA
KET VTR, T+ vF ¥ —FE, == 7 EZROREH LR BYPARFEOBEBORKEIT, 7V T A%
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1. BRI

AFGiE, 201548 HICHEM L2+ —A MY 7 - dbF
1OV DARF 2 i 2 IRAE R 0 37 3 & S ILSR B R
HEDHETH 5.

B & R A ORATH O HIRBRBE O LB DO T
NEZED L) IGHEIE L, ZRDEHFZIITR LA
FELE LCED X HITFREIN TV DO, EE, 39—
Oy XOEM, TIVTADRMPAREROY T —T =
JVE ¥ Ullafelsen BB FAE DO RAKE 2T ) K57 &
L CHAT &N/ (Schifer ed. 2011). AJHD FE LA #E
THiCTH b LEbN TV Emh OB DOFERE LRI L
Z TR SNIBHEORE 2 0H 25, BESNLY;
A O EEICL, TRAMHDLT VT A%
B 2 % IR NAHO B & 3851 7 & ASRERIN i
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BoOMEE#REEE LT —<PEBAIN TN,

X513 2011 AE LR, REFE/NEARRAIN] 0 )5 5 E
BREE (1555132 2013, BHIZA2014) ORAEZ#ED D
BT F &F oIS L RS 2 LEEEL, LG
M U T/ Se i o FRARBUR O T B B OF
Ra KL T2 & BbN ke OO a2 4
BLTE.

HIRH L 72 H AR 224l 4 B 2 R} 27 0F 70 2 il B < 2 A 72
(B) e b —BIFBERAH S L2 HEH M/ SEH i E
A ERHE B O BRI ] (F7eE « /N I 2015
- 2017 4E ¥, AR5 15H03268) 2SIRIR SN, kil
OB GCEEERT S LD REE o 72 RFGEERO
BOR & BT RE MG BE 2 A5 2 RIS, AR A 558
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% Professor Dieter Schifer %, 20124- 10 H & R
WA v % —FEHCHMBELAEEY Y RD Y
2 "Lithic raw material exploitation and circulation
in prehistory: a comparative perspective in diverse
palacoenvironments" [ZHHEL, 7 I —7 = V£ V@
DRFORFEH T LA TE7 (Schifer 2014). &
I LRHOERICT - T, 2013 E, LI A
Vv, 20158 ALY = — 7 7 —HROENT, 3HHO
LT T BT B EE A i aR R AR B o B AL 239
BiL7-

2. BREDE=R

RO LT EH oML L THEHFM L5471
VERUWRTH L. AamDFM & %5 5T
FIZHALTVLEVWDT, TOMHEPUELT AN %
LB, EFEHLA S ATT 5 720 OBEHTE A LD
NBUZH§ 2B % 7En B & % 5.

AR ENL, URLDOEREOEM T FITHAIS
AFL TR ROELRTH S, NEPFHL H 2 &5
RPN RGEETH D, 72 ZHFEL T TH AR
RL S CKA, FIHWREZRFM & L CHBULT 2 I
Ry, BRI L HROENTEHTH L. Lz
Ao TANH L GIRERSE O BR 2 BLIFIC AN 7oA M O JER
WEORHAPMEL SRRSO TH#HEESTWD L
W TEW,

JEAZER L7z & 912 2011 4E A2 & 2013 4E 22 F TR EPI
ANESHE T I N e Y TN R Y BU DY TN B 47/ R e S )
28R 3 MM A L Az B H BRI o # Kk 1400m
BT 2 1B AR, #ESCRR OB & A
DRIV TEARB 2 M 2 IR T & 2 5&M0E F
n, S, AL NETREOBROBERIC—H %% T 5
BRPHRE SN T 5B, EHFPNRIEHRAEL 22 To
WRIEH  EFTREHDOEETT K& Y 7 ad hoc 7 b D
Thb. HWiRZEFCTHU X 2HETZoMsoNE
ORI ENTERLAEE, TOHBORFHRMEE LT
MRS 5 Z e INE. AXHLRZNS BE, FHlo
—BALIIZ LT HISE 2 A0S0 OBRFEE 5. Eily

FORFERIBI D0 mOFRTH L. i I EE
THDIZHDDb o FHEMmICIB L TRIEETH % 5
b, SABRRE ZOFMOL T2 L SISEKNT S, L
LEBREHSENERED LI BRI DTH I % T A
b3 % B CE b O FH & DI —DO DREE 5 2
5 D% SERRICESIE WS, BF%ET % 7
PHFVIRZ T ZENIERLETH 5.

RS 27 o8 S M omoHEFTH Yy, &
NZEGIRBOIEAY 1L, FRZRILTWLEZAD
FHTh 5. HEICK DT, Rk 2 dFili§ 5 2
LIRWRETHY, §XTOHFEHzHNTRED N5 IE
HEFIEHT LN TELRLIE, =T Y TOIEDY
DL RNVAZBIT B LB 2587 % 848 L 72 RetEhid 5
LW BEAI.

4 513 C ORI O NJEH & FIRBRBE O A H B4R % [
TRCHWY MEHT, SMREEIC X 2 RO TR 535 O
EWATAMERGEN R A V%7 252 TW5 0T
Eawhl oMEE®RE 572, B2 USEEI TR
< i DAL O NGB 2 v — 7 I E A
REINTWD I e FHIN, EEZOFRMN % 1EHE
LR HEAE L T & 72 (NPT 2012, Shimada 2012,
Yoshida et al. 2016, [H 2015, 35 2015).

F AN i BT I 20> 5 SR IR BH o Sl Bl 112 A
BIZED XD ITRBICHEIS L TAZRED 2 e v ) 7—
< iE, BROKBEEBH O & OBIHIZB T L
BEL, =T v 7 HMOBAGERN, hamEEto
WFFEIZBVTE L DMWY AP TONL TS (Adams
and Blades 2009 7 %% ). KEEH L AFGH % O
e CHIRIH TR S BHETH 5 O THWH & BT H
5. 29 L7WRSES LTy THE, 77 T4
F. g —uy NoYE, BEYWUERLELTOL X
LoB, loess & % WIEAIKA DT - AREEW T HIKS
2L CEUHRMIC L - TH - M - FORES BN R
1FCd % (Svoboda 2011 % &% %0).
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W) RSB L T 5.
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BRENYT L. HbETHRE TV v T+ Dr.
Stefano Bertola 12 & % 454G M E M E OFH % =
JA. AEICEL T, BEOBMKAIBRESN LR
I, EMBIOER, R E AERRIOKED 5\
EHEAER L LTOY Yy FOFIT 4 EXBEICHE ST
W% (Schifer ed. 2011). SN ZDOHH S H» %D
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Abstract

This paper reports on a field survey for Mesolithic sites and Alpine landscape in northern Tyrol, Austria that has
carried out during 19-25, August 2015. Aims of this survey are understanding the correlation between site location and
vertical changes of tree-line during the Preboreal period of early Holocene in conjunction of lithic raw material acquisition
on comparative perspectives for our recent own excavations at Hiroppara Palaeolithic site group located in high altitude
in Nagano Prefecture, Japan. The field survey courses were conducted under the guidance of our co-researcher Prof. Dr.
Dieter Schéfer, Institute of Geology, University of Innsbruck. As for the raw material, explicit evidence of four different
lithic raw materials has been elucidated, in particular, in Ullafelsen site. This implies that the lithic raw materials had
transported/ or circulated over wide areas across the Alps. We visited some key sites located in North Calcareous Alps,
Fotscher valley, and Oberberg valley. Excavations prior to the present reveals that the Early Mesolithic sites located
above tree-line for hunting resolution at that time, and site location tend to follow the rising tee-lines as Alpine ibex
game generally follows the rising tree-line. Three task points for future comparative research have added at the end. The
field survey was supported by the Japan Society for the Promotion of Science, Grants-in-Aid for Scientific Research (B),
Number:15H03268, Project leader: Akira Ono.
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