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Chemical analysis of obsidian by Wave length-dispersive

X-ray fluorescence spectrometry: application to

nondestructive analysis of archeological obsidian artifacts

Yoshimitsu Suda”

Abstract

Wave length-dispersive X-ray fluorescence (WDXRF) spectrometry was installed at Meiji University Center for
Obsidian and Lithic Studies. The XRF determines the abundances of element in a material, which has been applied
to the chemical analysis of archeological obsidian artifacts in order to identify a place of their sources. The WDXRF
is suited to perform an accurate chemical analysis of obsidian. For the characterization of obsidian in Nagawa town
area (Takayama, Omegura, and Wada touge) , quantitative analysis of the obsidian by fused glass bead method was
performed, and a way of nondestructive analysis for the archeological obsidian artifacts was examined. Results of
quantitative analysis indicate that variation of Sr/Rb ratio and Y/Sr ratio becomes good indicator to characterize the
geochemistry of obsidian, which can be theoretically explained by the fractional crystallization process of feldspars.
Results of analysis using the polished, flaked and weathered surfaces of obsidian indicate that the peak-over-background
method, and the way of data expression normalized to the value after a standard sample were effective to link them
with the results of quantitative analysis. In this study, the polished surface of obsidian from Shirataki in Hokkaido
(obstd-1) was used as the standard sample. Namely, this study suggests that the ways of analysis and evaluation using
the standard sample and values, such as the obstd-1, is quite useful on the nondestructive analysis, which can directly be

applied to the analysis of archeological obsidian artifacts.
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Introduction

Continental crust is characterized by the occur-
rence of felsic magma. In most of the cases, obsidian is
formed during eruption of such the felsic magma. Thus,
the obsidian is quite informative to reveal an evolution
of continental crust in earth history. From another
point of view, the human has been used the obsidian
as resources for making an artifact tool, and the indus-
trial products, such as paved material and filtering ma-
terial. Thus, it could be said that the obsidian has been
closely related with a human life or living from ancient
to present. For instance, a trace of archeological obsid-
ian from acquirement to consumption becomes a good
indicator to reveal human behavior during ancient
times. Kuzmin (2011) indicates that distribution of the
Paleolithic obsidian artifacts made of Shirataki obsidian
in Hokkaido, is extended to the Sakhalin Island.

The geologist will use a chemical data for the char-
acterization of a sample on the basis of physicochemi-

cal and kinetic theories (e.g. geochemical modeling).
On the other hand, the archeologist will use a chemical
data for discrimination or identification on the basis
of experience and/or statistic theory. Consequently, it
could be said that the aim to perform a chemical analy-
sis of obsidian is quite differed between the archeologi-
cal research work, and the geological research work,
although the same analytical appliances, such as X-ray
fluorescence (XRF) spectrometry, Laser ablation in-
ductively coupled plasma mass spectrometry (LA-ICP-
MS), Instrumental neutron activation analysis (INAA) ,
and Particle induced X-ray emission (PIXE), are used
in both research works. In the geological research
work, a chemical data is commonly expressed by an
absolute value of mass percentage, such as weight per-
cent (wt.%) and parts per million (ppm). The major
elements are expressed by oxides using the wt.% (SiOs,
TiO,, and AlL,O; wt.% etc.), which are able to check
whether or not the total amount becomes ca. 100 wt.%.
On the other hand, in the archeological research work,
the chemical data is generally expressed by fraction
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of elements (%), and X-ray intensity, (counts or count
per second), of a specific spectrum or line obtained
from the XRF analysis. This way of data expression
is enough for the discrimination of obsidian. In fact,
Mochizuki et al. (1994) proposed the very effective
way of discrimination diagram of obsidian using the
X-ray intensity, and Ikeya (2009) demonstrated the us-
age of this way of discrimination on his archeological
research work. However, the problem still remaining
is the results obtained from this way cannot be shared
and verified among researchers.

The X-ray intensity of spectrum or line for a spe-
cific element is roughly correlated with the abundance
of the element. However, precisely speaking, in order to
link the X-ray intensity with the actual abundances of
elements in a sample, the calculations to correct the ab-
sorption and excitation effects by matrix elements (i.e.
matrix effect), and overlap spectrum on an analyzed
spectrum or line are necessary. Moreover, the way of
data expression by an absolute value (i.e. wt.% and
ppm) is necessary to be shared and verified among re-
searchers and research laboratories.

There are two major purposes in this study. One
is how the method of geological or petrological analysis
can be applied to the archeological research work. Sec-
ond is how we should present the data of nondestruc-
tive analysis to be shared among researchers. In this
study, focusing on the analysis using the Wave length-
dispersive X-ray fluorescence (WDXRF) spectrometry,

the way of quantitative analysis by fused glass bead
method is established. Then, the geochemistry of obsid-
ians in the Nagawa town area (Takayama, Omegura
and Wada touge) is characterized. Finally, a way of
nondestructive analysis for the archeological obsidian
artifacts is examined.

1. X-ray fluorescence (XRF)
spectrometer

The XRF analysis determines the abundance of
elements in a material, which has been used for the
chemical analyses of rocks, minerals, sediments, soils,
steels, and water. Chemical analysis of obsidian arti-
facts using the XRF has been commonly performed in
the archeological research work, where the purpose of
analysis is generally focused on the identification for
the source of obsidian artifacts (e.g. Shackley 2011). In
order to establish a chemical analysis system for the
archeological and geological obsidians, three types of
the XRFs: WDXRF (Rigaku ZSX PrimuslIII+), Ener-
gy-dispersive X-ray spectroscopy (EDXRF: JEOL JSX-
3100II), and Handheld or Portable X-ray spectroscopy
(PXRF: Innov-X Delta Premium), was recently in-
stalled at Center for Obsidian and Lithic Studies (COLS)
Among these XRFs, the WDXRF is the largest in size,
which is equipped with the highest power X-ray anode
(3kW Rh anode X-ray tube). The WDXRF is capable
of dividing the X-ray photons according to a specific

Table 1. Instrumental conditions for quantitative analysis

Application name: RockWS3.2 Diaphragm: 30 mm
Sample: 110°C base Flux: Merk Spectromelt A12
Spin: On Standard: GSJ Igneous (22) + sedimentary (1)
Matrix correction: de Jongh model Dilution rate: 2.065 (flux 3.6000g + sample 1.8000g + LiNO, 0.54g)
Count time (s) Angle (deg)
Line Target kV  mA Filter Slit Crystal Detector Peak BGl BG2 total Peak BG1 BG2

14 Si Ko Rh 50 50 out S4 PET PC 60 - - 60 109.030 - -

22 Ti Ko Rh 50 50 out S2  LiF(200) SC 40 20 20 80 86.110 84.820 87.886
13 Al Ko Rh 50 50 out S4 PET PC 40 20 20 80 144.770 140.650 147.970
26 Fe Ka Rh 50 50 out S2  LiF(200) SC 40 40 - 80  57.494 55476 -

25 Mn Ka Rh 50 50 out S2  LiF(200) SC 40 20 20 80 62950 62.058 64.020
12 Mg Ko Rh 50 50 out S4 RX25 PC 40 20 20 80  37.984 34210 40.110
20 Ca Ko Rh 50 50 out S4  LiF(200) PC 40 20 20 80 113.124 110.160 -

11 Na Ko Rh 50 50 out S4 RX25 PC 40 20 20 80  46.130 43.440 48.380
19 K Ko Rh 50 50 out S4 LiF(200) PC 40 20 20 80 136.674 133.350 139.940
15 P Ko Rh 50 50 out S4 Ge PC 40 20 20 80 141.050 137.912 143.230
37 Rb Ko Rh 50 50 out S2  LiF(220) SC 120 60 60 240 37.948 37.546 38.458
38 Sr Ko Rh 50 50 out S2  LiF(200) SC 100 50 50 200 25.134 24706 25.540
39 Y Ko Rh 50 50 out S2  LiF(200) SC 100 50 50 200 23.740 23.382 24258
40 Zr Ko Rh 50 50 out S2  LiF(220) SC 120 60 60 240 32.048 31.606 32.812

total 27.7 min
—9—
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Chemical analysis of obsidian by WDXRF

energy or wavelength by a higher resolution. There-
fore, the WDXRF is best suited to carry out a quan-
titative analysis by accuracy of a high degree. On the
other hand, the EDXRF and PXRF are equipped with
the 50W Rh anode X-ray tube, and 0.5W Rh anode X-
ray tube, respectively. Although resolution of spectrum
is inferior to those of the WDXRF, the smaller size of
these instruments helps to handle them easily. The
EDXRF can be used on a working desk. The PXRF
can be used at anywhere from a laboratory to a field.
Furthermore, the sample size is limited to less than
5.0cm in the case of WDXRF analysis, whereas the
sample size can be several tens of centimeters size in
the case of EDXRF analysis, and there is no limitation
in sample size in the case of PXRF analysis. The ana-
lytical appliance can be chosen on the basis of sample
size and/or requirement of analytical accuracy and

precision.

2. Quantitative analysis by fused glass
bead method

2-1 Instrumental conditions

Calibration lines for the analysis elements were
constructed using the following geochemical reference
samples from Geological Society of Japan (GSJ: JA-1,
JA-2, JA-3, JB-1, JB-2, JB-3, JR-1, JR-2, JR-3, ]JG-1a, JG-
2, JGb-1, JGb-2, JP-1, JF-1, JF-2, JH-1, JSy-1). The H,O-

(absorbed water) in a sample was released by heating
at 110°C for more than 6 hour. Low dilution fused glass
bead for the analysis was prepared by the following
manner: a sample powder (1.6000 g) was mixed with a
flux (Merck Spectromelt A12: 3.6000 g) and an oxidiz-
ing reagent (Wako HNO.: 0.54 g), and kept in a plati-
num crucible. The crucible was set in a high-frequency
melting furnace (Rigaku Cat. No.3091A001), and fused
at 1200°C for 450 seconds. The H,0- in the flux is also
released by the heating at 450°C for 4.5 hours before
the mixing with the sample powder. The prepared
glass bead has a dilution ratio of 2.065, thickness of ca.
5mm, and a diameter of 4.0cm.

Instrumental conditions for the quantitative analy-
sis are shown in table 1. The reason why the Rubidi-
um, Strontium, Yttrium and Zirconium were chosen for
the analysis of trace elements is the way of discrimina-
tion of obsidian for Mochizuki et al. (1994) and Ikeya
(2009) is based on the X-ray intensities of Ka and K
spectra of these elements. Power voltage and current
condition to the X-ray anode are 50kv and 50mA, re-
spectively. Analytical diameter or diaphragm of 3.0cm
(maximum) was used for all measurements. Total ana-
lytical time is 27.7 minutes. The dispersive crystal of
LiF (220) is chosen for the analyses of the Rb-Ka and
Zr-Ka lines, while that of LiF (200) is chosen for the
analyses of Fe-Ka , Mn-Ka , Sr-Ka and Y-Ka lines.
Lattice spacing of the LiF (220) is relatively narrow
than that of the LiF (200) expecting relatively higher

Table 2. Results of correlation lines for quantitative analysis

Overlap Standards

Slope Intercept Acc. R line coefficient lld. av. diff. %
Sio, 4.04400 -2.27246  0.33780  0.99972 - - - 62.66 0.54
TiO, 7.60641 -0.01872  0.00850  0.99988 - - 0.0000134 0.51 1.66
ALO, 422062 -0.23783  0.12517  0.99979 - - 0.0000578 14.04 0.89
Fe,O;"  38.02513  0.02124  0.06669  0.99991 - - 0.0000042 5.46 1.22
MnO 2935220 0.02236  0.00154  0.99976 - - 0.0000018 0.10 1.53
MgO 1.80152  -0.06994  0.05153  0.99999 - - 0.0000037 5.45 0.95
CaO 24.10841 -0.01677  0.03217  0.99998 - - 0.0000172 4.90 0.66
Na,O 0.74633  -0.01297  0.04331  0.99983 - - 0.0000548 3.04 1.42
K,0 27.24640 -0.09968  0.03414  0.99995 - - 0.0000001 3.00 1.14
P,0; 10.60418  -0.04850  0.00400  0.98975 - - 0.0000100 0.08 5.14
Rb 0.00719  0.06538  4.31255  0.99952 - - 0.0016016 117 3.70
Sr 0.01694 -0.19008  6.64874  0.99915 - - 0.0056185 189 3.51
Y 0.01562 -0.15629  1.45033  0.99933 Rb-La  0.17524 0.0038345 29.3 4.95
Zr 0.00889 -0.42480 599593  0.99984 Sr-La  0.07017 0.0015983 145 4.14

Acc., Accuracy; R, Correlation coefficient; /.l.d., lower limit of detection; av., mean value of standard samples;
diff.%, 100 X Acc./av.; major oxides in wt.%; trace elements in ppm.
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Table 3. Results of quantitative analysis of standard samples and cross check samples

——

JB-1b GSP-2 BHVO-2 AGV-2
wt. % . value rv. value 7. value rv. value
SiO, 51.66 52.08 66.60 67.02 4990 49.64 5930 59.99
TiO, 1.27 1.27 0.66 0.68 2.73 2.76 1.05 1.06
AlLO, 14.53 14.37 1490 15.00 13.50 13.35 16.91 17.07
Fe,0," 9.12 9.06 4.90 4.96 12.30 12.29 6.69 6.82
MnO 0.15 0.15 0.04 0.04 0.17 0.17 0.10 0.10
MgO 8.23 8.46 0.96 0.95 7.23 7.22 1.79 1.78
Ca0O 9.70 9.66 2.10 2.09 11.40 11.38 5.20 522
Na,O 2.66 2.64 2.78 2.77 2.22 2.22 4.19 4.21
K,0 1.33 1.30 5.38 5.48 0.52 0.52 2.88 2.93
P,O; 0.26 0.26 0.29 0.29 0.27 0.26 0.48 0.48
total 98.91 99.24  98.61 9927 10024 99.82  98.59  99.65
ppm
Rb 39.5 359 245 253 9.8 7.6 68.6 71.0
Sr 444 458 240 246 389 394 658 669
Y - 24.4 28.0 29.3 26.0 27.7 20.0 21.1
Zr - 132 550 564 172 168 230 226
RGr RGb RGbr
wt. % pv. value pv. value J value
SiO, 71.81 7237 4733 4694 5827  58.11
TiO, 0.04 0.04 0.18 0.18 0.11 0.11
AlLO, 15.51 15.62 15.83 15.65 1550  15.47
Fe,O0," 2.14 2.16 12.67 1243 7.84 7.84
MnO 0.19 0.18 0.22 0.22 0.22 0.22
MgO 0.11 0.09 14.78 14.75 7.98 7.97
Ca0O 2.07 2.06 8.71 8.65 5.40 5.38
Na,0 3.64 3.61 0.57 0.56 2.01 2.01
K,O 3.92 3.92 0.10 0.11 2.03 2.03
P,O; 0.06 0.06 0.02 0.02 0.05 0.04
total 99.49 100.13 10039  99.50 99.41  99.19
ppm
Rb 72.8 72.8 3.1 3.5 37.8 39.7
Sr 270 267 403 407 333 342
Y 98.8 98.1 4.1 4.2 60.1 61.3
Zr 251 239 17.8 19.2 131 134

value, results in this study; r.v., recommended values of standard samples; p.v., preferable values of cross check
samples; Acc., Accuracy; R, Correlation coefficient; Total Fe as Fe,0s.

peak/background ratio (i.e. S/N ratio) and resolution,
whereas requiring relatively longer analytical time for
keeping the same accuracy.

Results of constant numbers of the calibration lines
for the analysis elements are shown in table 2. Coef-
ficient values for the correction of matrix effect were
calculated on the basis of Fundamental Parameter (FP)
method, in which the de Jongh model (ie. self-absorp-
tion model) was chosen for calculation, and the Ig (ig-
nition loss) was regarded as base. This calculation was
carried out using the PC program equipped with the
ZSX PrimuslIII+. Coefficient values for the correction
of overlap spectra on analysis lines, Rb-La spectrum
on Y-Ka line, and Sr-La spectrum on Zr-Ka line, were

also calculated using the PC program equipped with
the ZSX PrimusIII+. In addition to these, corrections
of the absorption effects by the flux, ignition loss, gain
on ignition, and dilution rate in the glass beads were
also taken into account for the calculations. The results
of constructed calibration lines indicate that the cor-
relation coefficient values are more than 0.999, and ac-
curacy are less than 5.2% in all elements.

2-2 Propriety of instrumental conditions

Geochemical standard samples of GSJ (JB-1b) and
USGS (GSP-2, BHVO-2 and AGV-2) were analyzed to
check the propriety of the analytical method. Further-
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Fig. 1 Localities of obsidian analyzed in this study, and Meiji University Center for Obsidian and Lithic Studies (COLS)
in Nagawa town area. Index map showing locality of Nagawa town in Japan.
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Fig. 2 Photographs showing polished slab surface (a-d), flaked surface (e), weathered surface (f, g) of analyzed obsidian from
Wada touge (WT-1; a, ¢), Omegura (OM-1; b, d, g), and Takayama (TY-1; ¢, f). Circles indicate analytical points by
WDXREF.
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Fig. 3 Photographs showing weathered surface (a), flaked surface (b), and polished sawn surface (¢, d) of analyzed obsidian
from Shirataki (obstd-1). Circles indicate analytical points by WDXRF.

more, samples of RGr, RGbr and RGb reported in Suda
et al. (2010; 2011), and Suda and Motoyoshi (2011)
were also analyzed for cross checking purpose. The re-
sults of analysis are shown in table 3. The analysis was
repeated three times for each sample. The values were
estimated from the average of all the analyses. The
results indicate that the difference between the analyti-
cal values and the recommended or preferable values
is generally less than 5%. Largest difference is shown
in the Rubidium content of the BHVO-2, where the dif-
ference reaches up to 26%.

2-3 Analysis of obsidian
2-3-1 Sample description and preparation

Analyses of geological obsidian from Shirataki (ob-
std-1), Takayama (TY-1), Omegura (OM-1) and Wada
touge (WT-1) were performed. Locality of the samples
excluding the Shirataki is shown in fig. 1. Appearances
of the analyzed samples are shown in figs. 2 and 3.
Only the locality of obsidian from Shirataki is not ex-
actly known, which could be derived from Shirataki in
Hokkaido, and has been displayed in the entrance of
COLS building as a monument. Therefore, this obsidian
is called obstd-1 in this study. The appearance of the
obstd-1 is characterized by homogeneous black-colored
glass without any inclusion, such as fragments of rocks,
and bubbles formed by a sparkling of magmatic gas.

On the other hand, the TY-1, and OM-1 contain some
small inclusions, and the WT-1 has typical foliated tex-
ture.

Sample preparation for analysis was carried out
by the following manner. 1) Sample was cut using a
diamond saw, and a slab with a thickness of ca. 1.0cm,
and the diameter of lass than 5cm was prepared. 2)
Put the slab into the jaw crusher, and make them into
small fragments with one or two millimeters in size.
3) Pick the fragments without any alteration and in-
clusions up 10g to 20g. 4) Put the fragments into the
ultra-deionized water (Millipore Direct-Q UV), and
wash them using the ultrasonic cleaning machine until
the water becomes completely clear. 5) Dry the frag-
ments using an oven at 110°C for more than 2 hours. 6)
Make the fragments into powder using a steel mortar,
and an agate mortar. 7) The powdered samples are
again heated using a dry oven at 110°C for more than
6 hours until the H,O™ will be completely excluded. 8)
Put the powder into the glass bottle, and keep them in
a desiccator. Condition of humidity is kept at less than
30%.

2-3-2 Results

Results of quantitative analysis are shown in table
4. The values of obstd-1 were estimated on the basis of
the analysis using five fused glass beads. The analysis
was repeated three-times in each glass bead (i.e. total
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Chemical analysis of obsidian by WDXRF

Table 4. Results of quantitative analysis of obsidian

Obstdobsdobstd - obsid - obstd obstd-1-whole (Shirataki)
wt.% value value value value  value a.v. - + s.d. cv. %
SiO, 76.50  77.11  77.16 7724 7795 7719 7644  78.03 0.4827 0.63
TiO, 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04  0.0005 1.27
ALO, 12.83 12.95 12.97 1299  13.12 1297 12.82 13.13  0.0978 0.75
Fe, 05" 1.47 1.47 1.47 1.46 1.47 1.47 1.46 1.48 0.0040 0.27
MnO 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.0000 0.00
MgO 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.0019 14.35
CaO 0.53 0.53 0.53 0.53 0.54 0.53 0.53 0.54 0.0024 0.45
Na,O 3.90 391 391 391 391 391 3.87 392 0.0111 0.28
K,0 4.57 4.56 4.57 4.57 4.58 4.57 4.56 4.58 0.0063 0.14
P,O; 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02  0.0004 1.99
total 99.92  100.66 100.74 100.83 101.70 100.77  99.82 101.80
ppm
Rb 155 151 151 150 145 151 144 158 3.8 2.5
Sr 30.1 29.6 29.4 29.2 28.1 293 28.0 30.2 0.7 2.5
Y 28.7 27.5 27.6 27.4 25.9 27.4 25.6 28.9 0.9 3.5
Zr 70.1 67.3 67.3 66.9 63.7 67.0 63.6 70.7 2.1 3.1

TY-1 (Takayama) OM-1 (Omegura) WT-1 (Wada touge)

wt.% value - + value - + value - +
SiO, 77.09 76771 7752 7699 7672 7157 7651 7628  76.62
TiO, 0.07 0.07 0.07 0.08 0.08 0.09 0.06 0.06 0.06
ALO; 12.70 12,62  12.77  12.69 12.66  12.79  12.69 12.65 12.71
Fe,0O," 0.97 0.97 0.97 1.05 1.04 1.05 0.95 0.95 0.95
MnO 0.10 0.10 0.10 0.09 0.09 0.09 0.11 0.11 0.11
MgO 0.02 0.02 0.03 0.03 0.03 0.03 0.02 0.01 0.02
CaO 0.49 0.49 0.49 0.54 0.53 0.54 0.50 0.50 0.50
Na,O 3.98 3.96 4.01 3.97 3.92 3.99 4.08 4.06 4.10
K,O 4.73 4.73 4.74 4.73 4.73 4.74 4.56 4.55 4.58
P,0; 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
total 100.17  99.65 100.71 100.19  99.80 100.91 99.48  99.18  99.66
ppm
Rb 271 264 279 256 248 261 325 320 332
Sr 8.6 8.2 9.0 13.9 13.4 14.0 8.2 8.0 8.4
Y 44.4 432 45.7 37.5 359 38.4 50.7 49.9 51.8
Zr 87.4 84.9 89.6 92.5 89.1 94.0 90.2 89.4 91.8

s.d., standard deviation (¢); c.v., coefficient of variation (%); Total Fe as Fe,Os.

fifteen times of analysis). The values of TY-1, OM-1
and WT-1 were estimated on the basis of the analysis
using the two glass beads. The analysis was repeated
three times in each glass bead (i.e. total six times of
analysis in each sample).

Results of the analysis are compiled in the multi-
element spiderdiagram to evaluate the geochemical
characteristics of the obsidian (fig. 4a). All of the val-
ues are normalized by the recommended values of JR-
1. The compositions of the JR-2 are shown for compari-
son. The JR-1 and JR-2 are the geochemical standard
reference samples of GS] (Imai et al. 1995), which are
made from the obsidian in the north of Wada touge
(Wada-N) and south of Wada touge (Wada-S), respec-
tively. This diagram indicates that the profiles of TY-1,

OM-1, WT-1, and JR-2 are generally similar, but com-
pletely differed from the profile of obstd-1.

Geochemical characteristics of TY-1, OM-1 and
WT-1 are examined more precisely on the spiderdia-
gram for selected elements (fig. 4b). Although the pat-
terns of TY-1, OM-1 and WT-1 generally have similar
profiles, the ratio of normalized values between Rby
and Sry, and Sry and Y are slightly differed among the
patterns. This suggests that geochemistry of the ob-
sidian can be characterized on the basis of the Rb/Sr
ratio and the Sr/Y ratio.

The JR-1 normalized variation diagram of Sr/
Rb ratio versus Y/Sr ratio is shown in fig. 5, in which
mineral vectors indicating a compositional trend by
the fractional crystallization of indicated minerals are
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also shown for comparison. Partition coefficient values
between minerals and rhyolitic liquid indicate that
the Rubidium is compatible with biotite (Henderson
and Henderson 2009). Strontium is compatible with
feldspars, while incompatible with the mafic minerals
(e.g. clinopyroxene, amphibole and biotite). Yttrium is
compatible with the mafic minerals, while incompat-
ible with the feldspars. Namely, abundance of these
elements is related with the fractional crystallization
process of the minerals. Moreover, following the Ray-
leigh fractional crystallization model, the Sr/Rb ratio
decreases by the fractional crystallization of feldspars,
while increases by the fractional crystallization of
mafic minerals. On the other hand, the Y/Sr ratio in-
creases by the fractional crystallization of feldspars,
while decrease by the fractional crystallization of mafic
minerals.

On the variation diagram shown in fig.5, the JR-1
is plotted in the point across the lines of x=1.0 and
y=1.0. The obstd-1 is plotted in the field of higher Sr/
Rb ratio and lower Y/Sr ratio. The TY-1, OM-1 and
WT-1 are plotted in the field completely away from the
points of obstd-1 and JR-1, in which the TY-1, OM-1 and
WT-1 are plotted in the field of lower Sr/Rb ratio and
middle to higher Y/Sr ratio. The WT-1 is almost over-
lapped with the point of JR-2. The composition of TY-
1, OM-1 and WT-1+JR-2 are distinguishable using the
value of Y/Sr ratio, in which the WT-1+JR-2 has the
highest Y/Sr ratio, the OM-1 has the lowest Y/Sr ratio,
and the TY-1 has the median Y/Sr ratio. Alignment of

the points from JR-1 through OM-1 and TY-1 to WT-
1+JR-2 is generally correlated with the mineral vectors
indicating the fractional crystallization of feldspars
(i.e. ksp and pl). Namely, compositional variation of the
obsidians could be related with the fractional crystal-
lization process of feldspars. Needless to say, although
there is a possibility that this compositional variation
reflects the diversity of magma source composition,
the results clearly indicate that the variation of Sr/Rb
ratio versus Y/Sr ratio could become a good indicator
to distinguish or characterize the geochemistry of the
obsidians.

3. Examination of nondestructive
analysis

3-1 Instrumental conditions

Nondestructive analysis of obsidian is still required
in many cases of archeological research work, which
could be a critical reason to have been unable to per-
form the quantitative analysis of archeological obsidian.
To establish the nondestructive analysis, analysis using
the polished slab surface was performed. Subsequently,
analysis using the fractured or flacked and weathered
surfaces was performed. Finally, the way of data ex-
pression will be proposed to link the results of nonde-
structive analysis with those of quantitative analysis.

All analyzed obsidian slabs have a thickness of ca.
1.0cm, which had been cut by a diamond saw, and pol-

Table 5. Instrumental conditions for analysis of polished, flaked and weathered surfaces of obsidian

Application name: RockWS4.2 Diaphragm: 10 mm
Spin: On
Count time (s) Angle (deg)
Line Target kV  mA Filter Slit Crystal Detector Peak BGl BG2 total Peak BGl1 BG2

14 Si Ko Rh 50 50 out S4 PET PC 80 - - 80 109.062 - -

22 Ti Ka Rh 50 50 out S2  LiF(200) SC 80 40 40 160  86.132 84.662  86.830
13 Al Ka Rh 50 50 out S4 PET PC 80 40 40 160 144.798 140.650 147.480
26 Fe Ko Rh 50 50 out S2  LiF(200) SC 80 80 - 160  57.502 55.744 -

25 Mn Ko Rh 50 50 out S2  LiF(200) SC 80 40 40 160 62956 62.482 63.420
12 Mg Ka Rh 50 50 out S4 RX25 PC 80 40 40 160 37968 35170 40.330
20 Ca Ka Rh 50 50 out S4  LiF(200) PC 80 40 40 160 113.090 110.650 114.880
11 Na Ko Rh 50 50 out S4 RX25 PC 80 40 40 160  46.128 43.960 47.940
19 K Ko Rh 50 50 out S4  LiF(200) PC 80 40 40 160 136.662 133.190 139.550
15 P Ko Rh 50 50 out S4 Ge PC 80 40 40 160 141.110 137.722 142.888
37 Rb Ka Rh 50 50 out S2  LiF(200) SC 200 100 100 400 26.590 25982 27.086
38 Sr Ko Rh 50 50 out S2  LiF(200) SC 200 100 100 400 25.124 24768 25.516
39 Y Ka Rh 50 50 out S2  LiF(200) SC 200 100 100 400 23.784 23414 24254
40 Zr Ka Rh 50 50 out S2  LiF(200) SC 200 100 100 400 22.540 22978 22.122

total 52.0 min
—9—
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ished by diamond paste with 0.3 micron in size (figs.
2 and 3). Instrumental conditions were completely
changed from those of the quantitative analysis (table 1)
which is shown in table 5. Especially, the analytical di-
ameter or diaphragm was reduced to 1.0cm to be able
to choose the analytical point restricted to a homog-
enous region, or prevented the analysis of inclusions.
Dispersive crystal of the LiF (200) was chosen for all
measurements. Total analytical time is 52.0 minutes.

3-2 Corrections of matrix effect and overlap
spectrum

Corrections of absorption and excitation effects
by matrix elements (i.e. matrix effect), and overlap
spectrum on an analysis line are necessary to link the
analyzed X-ray intensity with actual abundances of ele-
ment in a sample. The peak-over-background method
proposed by Champion et al. (1966) is a method for the
correction of matrix effect, which is generally used for
an analysis of trace elements (e.g. Murata 1993; Kimu-
ra and Yamada 1996; Motoyoshi et al. 1996). The peak-
over-background method is based on a theory that the
effect of matrix elements is almost the same both in
the peak angle and the background angle. Thus, the
matrix effect on an analyzed line will be diminished to
normalize the net intensity (Net) by the background
intensity (BG).

The correction of overlap spectrum on an analysis
line can be combined with the peak-over-background
method. The overlap coefficient values were calculated
using the PC program equipped with the PrimusIII+.
The analysis line for Yttrium (Y-Ka) is completely over-
lapped with the Rb-K f spectrum, in which the ana-
lyzed Y-K a intensity (Yy,) was corrected using the
overlap coefficient values (By) and analyzed Rb-K a
intensity (Rby,) on the basis of the following formula:
Y ye=By XRbye.

3-3 Results

3-3-1 Polished slab surface

Representative analytical points on polished slab
surfaces are shown in figs. 2a-d and 3c-d. Analysis of
the obstd-1 was performed using ten surfaces of six
slabs, the TY-1 was one polished surface, the OM-1
was two surfaces on two slabs, and the WT-1 was two
polished surfaces on one slab. All analyses were per-
formed five-times in each surface.

Variation diagrams of Sr/Rb ratio versus Y/Sr ra-

tio are shown in fig. 6. In these diagrams, the values of
analyzed samples are normalized by standard values,
and plotted on the basis of quantitative value (Value:
fig. 6a), correction X-ray intensity by the peak-over-
background method (Net/BG: fig. 6b), and uncorrected
X-ray intensity (Net: fig. 6¢). The standard values were
obtained from the analysis of the obstd-1. Therefore,
composition of the obstd-1 is predominantly plotted on
the point across the lines between x=1 and y=1 in all
diagrams.

The diagrams indicate that the results of correc-
tion intensity (Net/BG) of analyzed obsidians are gen-
erally comparable with the results of quantitative value
(Value), whereas the results of uncorrected intensity of
analyzed obsidian (Net) are not completely comparable
with the results of quantitative value (Value). Namely,
the peak-over-background method is useful to link the
analyzed X-ray intensity with the actual abundance of
element in these diagrams.

3-3-2 Flaked and weathered surfaces

Analysis of flaked and weathered surface of obsid-
ian was performed on the same method as the analysis
of polished slab surface. Appearance and analytical
points of the samples are shown in figs. 2e-g, and 3a-
b. The samples of flaked surface were made from the
obstd-1 and the WT-1, while the samples of weathered
surface were made from the obstd-1, TY-1 and OM-1.
The analysis was repeated five-times in each surface,
and the results were compiled in the variation diagram
of Sr/Rb ratio versus Y/Sr ratio (fig. 7). In this dia-
gram, the analyzed X-ray intensities were corrected by
the peak-over-background method, and normalized by
the X-ray intensities obtained from the analysis of pol-
ished surface of obstd-1.

The flaked and weathered surfaces of obstd-1,
OM-1 and TY-1 are plotted within the range of the val-
ues from the analysis of polished surfaces. This result
indicates that the ratio of X-ray intensity between the
samples is not significantly affected by the condition of
analytical surfaces, although analyzed X-ray intensity
will easily be affected by the condition of analytical
surface. Exceptionally, only the WT-1 is plotted out of
the range of the value from polished surface. Appear-
ance of analytical point indicates that WT-1 is develop-
ing typical foliated texture (fig. 2a). Thus, composi-
tional heterogeneity on a macroscopic scale could be
suggested.
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4. Conclusions

4-1 Nondestructive analysis of archeological
obsidian artifacts

This study suggests that variation of Sr/Rb ra-
tio and Y/Sr ratio is quite useful to characterize or
discriminate the geochemistry of obsidian, which is
theoretically supported by the fractional crystallization
process of feldspars. Moreover, there are two points to
link the results of nondestructive analysis with those
of quantitative analysis. One is the X-ray intensity ob-
tained from the nondestructive analysis must be cor-
rected by the peak-over-background method. The other
is the results of analysis must be expressed by the val-
ues normalized to the values after a standard sample.
This method is directly applied to the nondestructive
analysis of archeological obsidian artifacts.

4-2 Geochemical standard sample for nonde-
structive analysis

Establishments of geochemical reference sample
(i.e. standard sample) and chemical reference value
(i.e. standard value) are necessary to perform the
nondestructive analysis of obsidian artifacts. In this
study, obstd-1 with polished slab surface was used as
the standard sample that was made from the obsidian
with homogeneous composition and texture. Although
the obstd-1 is an ideal standard sample, a number of

standard samples with various compositions are neces-

sary to improve the accuracy of the results of nonde-
structive analysis. Furthermore, chemical analyses of
the standard samples by multiple analytical appliances,
such as ICP-MS, INAA etc., are necessary to establish
the standard values. If we could accomplish the es-
tablishment of the standard samples and the standard
values, the nondestructive analysis of archeological ob-
sidian artifacts by the XRFs will be easily performed,
and the results of the nondestructive analysis are rea-
sonably shared and verified among researchers.

Acknowledgments

I would like to express my sincerely thanks to Prof.
S. Aida, Mr. N. Ohtake and Ms. S. Ohtake to organize
the fieldwork and sampling in Nagawa town area. Special
thank is extended to Ms. S. Ohtake, who permitted me to
use the obsidian displayed in the entrance of the building
of COLS. Prof. A. Ono, Mr. J. Hashizume, and Mr. M. Na-
gai gave me effective comments as for the analyses of ar-
cheological obsidian. Manuscript was improved and revised
by Dr. S. Kakubuchi at Saga University, and Dr. M. Satish-
Kumar at Shizuoka University. This study was supported
by the Grants-in-Aid from the Educational and Research
Promotion Foundation of Meiji University, and a grant of
Strategic Research Foundation Grant-aided Project for
Private Universities from Ministry of Education, Culture,
Sport, Science, and Technology, Japan (MEXT), 2011-2016
(S1101020).

o




——

Chemical analysis of obsidian by WDXRF

References

Chanpion, K. P., Taylor, J. C. and Whittem, R. N., 1966,
Rapid X-Ray Fluorescence Determination of Traces of
Strontium in Samples of Biological and Geological Ori-
gin. Analytical Chemistry, 38, pp.109-112.

Henderson, P. and Henderson, G. M., 2009, Earth Science
data. Cambridge, 277p.

Tkeya, N., 2009, Kokuyouseki Koukogaku. Shinsensha, 306p
(in Japanese).

Imai, N., Terashima, S., Itoh, S. and Ando, A., 1995, 1994
complilation values for GSJ reference samples, “Igneous
rock series”. Geochemical Journal, 29, pp.91-95.

Kimura, J. and Yamada, Y., 1996, Evaluation of major and
trace element XRF analyses using a flux to sample
ratio of two to one glass beads. Journal of Mineralogy,
Petrology and Economic Geology, 91, pp.62-72.

Kuzmin, Y. V., 2011, The patterns of obsidian exploitation
in the late Upper Pleistocene of the Russian Far East
and neighbouring Northeast Asia. National Resource En-
viroment and Humans, 1, pp.67-82.

Mochizuki, A., Ikeya, N., Kobayashi, K. Mutou, Y., 1994,
Isekinai ni okeru Kokuyousekisei sekki no gensanchi
betu bunpu nitsuite ~Numazushi Doteue iseki BBVsou
no gensanchi suitei kara-. Shizuokaken Koukogaku ken-

kyu, 26, pp.1-24 (in Japanese).

Motoyoshi, Y., Ishizuka, H. and Shiraishi, K., 1996, Quanti-
tative chemical analyses of Rocks with X-ray Fluores-
cence Analyzer: (2) Trace elements. Antarctic Record,
40, pp.53-63 (in Japanese with English abstract).

Murata, M., 1993, Major and trace elements analysis of
Korea Institute of Energy and Resources igneous rock
reference samples using X-ray fluorescence spectrom-
eter. Journal of Naruto College Education. 8, pp.34-50 (in
Japanese with English abstract).

Shackley, M. S., 2011, X-ray fluorescence Spectrometry
(XRF) in Geoarcheology. Springer, 231p.

Suda, Y. and Motoyoshi, Y., 2011, X-ray Fluorescence
(XRF) Analysis of Major, Trace and Rare Earth Ele-
ments for Silicate Rocks by Low Dilution Glass Bead
Method. Antarctic Record, 55, pp.93-108 (in Japanese
with English abstract).

Suda, Y., Okudaira, T. and Furuyama, K., 2010, X-ray fluo-
rescence (XRF; RIX-2100) analysis of major and trace
elements for silicate rocks by low dilution glass bead
method. MAGMA, 92, pp.21-39 (in Japanese).

Suda, Y., Koizumi, N. and Okudaira, T., 2011, X-ray fluores-
cence analysis of major, trace and rare earth elements
for igneous rocks, sedimentary rocks, sediments and
soil. MAGMA, 93, pp.19-32 (in Japanese).




—o— I

P o B RIAOE X BTz /R IE O OLE0
— BRI AT OIERIL R O B —

IS R

2 B

WRHAE T A F— 48R (5 R - 3507 8Y) o KO0 X AT 28 2SR A A BT > & — (RUFIL/N R AT )
IZRRIE SN Tze SO REE W7 E W F A A M OIEBEAL AL DO E 1T o7z, T3, RS HIIOL X Mo #iE1C
L DEARAT T AC— F & V7@ G EOMEL 21T, WRIZ, FEEE RO OISR O WTHE Lz, RART 7
A= FEHWE RIS I1E, REFPEEAIEIC B2 8000 BREAEERD (B, fMEk, Bl oREAFEHE, St/
Rb & Y/Srlbas e BRI 2D, WIKRMLENTFERCLEETVEEL DS, <7 <»50fRRAD G HEMEHOREDE )
KMENTWDLEDERBEEINT, S5, IERIEILFEHT OGS 2513, Peak-over-background 12 & % IA550 3 O WIUph it #)
OHIE, YK a#fiii 32 Rb-K fOARY MVOERYHHIERFTH 2 &C, B (LifEHE RO L) Lol LT &
WML BB L ZEBEMIHIL TEDEREPMHONLZENWHSNE o7z, Thbh, BHERE L ZDILF S Rk L L2251 i,
AT, RO IATICBWTHRITHY, FNFNAEAM O ENEREER T2 TE S,

F-T—N R, H0E X MOATRE, (Lo, Bk, KRN




——

BB N 2% 15-35H 2012483/
Natural Resource Environment and Humans
No.2. March 2012. pp. 15-35.

IH A 2 AU P03 U 2 SR A0 D b B 5 D — A
— RN £ 7 A7 D B & AR SN A & 9 —

£

=
B

K TlE, HEA O THREGE QRIS NOTH Y, ZOEMIRERLEIM LRI E RO LN D2 LN
AR L, e s o W R R M AT 1 B U AR R & RIS S A AREL S 4 I A
L OBRD S EE L1 B IR O L B LRI B U A2 M A E R E LT, L by, FIHEEEOZ

Z ORGSR, BRI B THUREG 2 400 - #R L, Kiho/NTTE 2 S 38 S b fER#H oK E G0 L TR ARE
FA 7HAGEMIESE R IEL Tl b2l £ LCTRBARM O—Hilf A s & U CHiB IR T &5 T k&
Ty Ui AR b SR 2 LA, Y — N O R E W, #iE e LT, BARM S A TRAGARIRICRED 5N
B BREA O OEAERNOATE) & 70 R 2 mAEE RN L 2 b 0 L E 2, BREAEREMHTE BT 5 A8 H I
FTE S LCER L7ze AU B AR SR ettt MBS a i 13l § 2 UM EE TH B L Z R 72

F—TU K BEEOEEN, IHOGREACEE, BARE S A 7RO

[EL&HIC

FHIZOWTHEH LZERICE, UTOZo05mas
B Bo O R LTS & WA JEUE A (2 BT 23T
FRIEB OMEIHEDS, oL 25, MBI ASAREE
R Z MR LR ORIk D 2 &
HLNIL TS (RMITHEZES - BILE R
AL 2000, J2 )11 2006 - 2008b) o @[ I I > 7 ik K 5
BUENL T d 2 REFILIEH S EAEIN IS B W, BEA
EEOREAM EREAREE (BX) oo &N
#xonz (FEH 1960, KJI120092 - b)e THDO
maE, B TRIEEHORFESEZE TSI 20
ELWHREEED D B Dh (HAiRE%), S»r0IlEh#s
ETHUE, EDL)BERFEZLONDLDN FHENEH)
), Lw)ELZRET S,

A TIE I OFEIZOWT, g E R & JE A g o
EIFEDTEH & V) NRAED S LI T 2 L ESH 5 &

FZ, L) bIFHEE X BN REC & 5 AT
& o T [HIHEE] &HB SN2 B AR 4
Tttt L ORRE PICER T 5, Bl
LCid, BN TORBAEAOELRI, @#FT
ORI & U< oBPRH it O BEm O 8 & A
JEAR, 2 L TIPS B HAl s, G E T oA
OERFEOZHICERT %

1. MHHREAQERERICETS5EG0
R EEETE

H A 5 0 BB S pE L %2 0I5 — D I REF IR
FHLTE AT SN B AHUEIEZ N N 2 A
WMROuHE & o TwdH (Bl 1924). BUEMRTE %
BEOOERM AL, MHREZ PO EET S (K1 A
B)o ARIRRHBE, By B SIERPE T EE
2 BB KRB 7 FRHH R LTI U 72 R SR 28
BTED (B - /IR 2004, HH2006) 0 ZHITH L,

PO LR SIEFTE RS A B Sk
chronotopologist77412@gmail.com




EHASUENEHBE—BLE-SHERT
BAREF OB AHRRBFOLE

FarkEEYIEDFNIZ B A~
RIREFHE~ZC
(R0 - 2004120 5E)

® MAEDHR-MHO
*  MEREHS
A TR

e RN (SRR

1N SRR

2EHRE

3ERA TERI,
iR

4 B R BB
F/R(EBER)
584&I0- 1,
1B, BAR
6. HESIR
THES
8.5+ 1L ENo. 1
(FEaREH)
LRiGIE == !
10.8#+=
11.FE
12.K8%RHE
13/ ERMF

O BARRF(OMARBRHER
O mEARRECESLEE

o HBEMARHASRE

L s wmmL—+

(RE =k, FdIl-{ERIL—b)

1 FrERRARERONE CNAKEERRREOREBHOMS (K2 I—I/L3D50m X v ¥ 185 %AV TER)

IO, JUE IR 2 & g & R S K
WINC 2 CREAD» ST 5. £ LT, BRAHIIH
LCEABH 7R, SRR, 7 F7R, H250iddH ik
MUICAE ST 2BER, Rrak EoEhiTid, $X
M5 AN LI S /NRL O SR AN R R b 2T 2 55A1
FTHRMPMHERTE D, CNOHDEMDITE A LITAH
B O RO b FIZIE, ERILFHE A S B4
BINNZRBABAPIEB LB LB TIE, BRI
o CTrik LBIFAAAEL, BRI ZIERT 5.
Br¥ilBnTid, ErLITAE D CHRBADE

IR % IR O A A ZZERIIR S (RESTIReAURTI - WRld]) s
RS NTB Y (FH 2006, FI - HiE 2008), 20
IR L CR 7 o) Z LB 5, B
HERED =230 13RO s A7 23 E A B B ARE R T PRI I8
LT FRWESEEA T 2,

INLEHADE, WAZERRNT 52 & THREAK
FEHL EAEOND PR E, HUTERYE & b o THREHL & K5O
DL E V) ZODBBDIEY FAbh Db EilFm
BEWRTOREN L, AMAPHIZZZIZH L2 TIE
<, TORHTENIAT B NFOM & 2T AEEFE L

o




——

IR AR BP0 d8 1) 2 R IRAT TR b B 5 0> — KAl

TR TEDLD), 74—V FT—=2%BLTIEILDHT
MEDTONLZ LIl b, DUTFIZ, BFE AR
IR Sho0H 5 [HIHEE] BIRAEERO DD
RUTEBT %,

1-1 BILEZRKRICH(TZRBADELHKIRT

TG LB BRAE I, Skm BT PY 5 O 4 H I BB Kbk 4
%30 F OB TR S NS (K12), BIEA
DR, Al o—MA 2T 5 RE IR e S 2
e, Z L TP RO IR T THAiT %,
JEAOEEICBWTIE, 0K E BA L & v,
RELZOOERIRN D SRR B LEDD 5o

CNFEFTOREICL T, HAHRRRIZ BT % AR
W2 Fople LT, AP RsI)fiX)
W24 S 565 T BB &5 X &N, Z2 T8 1 EE
M e SHEAEARN ZNEERT (RMITHEZ
H& - W11 PR 1989 - 1991) 6

=75, WEILFTEICN T 28 & 20 & LT, #9200
B L SR ORI (B 14720m 2> 5
1546.8m, # A 45000m° OFPH) 09 b, # 1%,
#4399, #1129, 45123 SRR O R AR R X -
TRTIENTES (M3), AEIRIZBIT 2 BIEA
FAOERIRNZ MRS 5 &, FIAPEOR 1 53RMeHET
&, BIEAEA 2SS REFEO A HEhicas s h
TWAB I ENTERTE, ZIICEHET LD ALDIE
PEBETE L (MR ENomEF Bl X 1d) (B
MUTEE RS - BRI A R 1999) . — 75, #
TR T H IR OBIRIC X D I i 123 iR (RAR
W) RuEE B o % 112 TR, 58 39 RN TR,
WO — AP EAPEESINTEY, IhEiD
AOIREIREAER T E 2 (S hanht, MBI A8k
AEERER 2 - 3 W) (RMETEEZ H 2 - M1 LE R A
H#i 2000, Z2#¢(3 20 2003 - 2005, KJII 2006) .

BRI B 2 IHA OB ERNE, SUg L
R (55 123 58RaE) 72 & RIEIEEGE (45 39 5
PIIE) \CHIEBD D B0 TN B EIILRIER A BB
P EN TV, BIEETOL A, Yo TR
PGB OIRPFIIIEZ STV WS, RO A % 5L
L, #H L THBTERERED MBS 5 &) El

WIS T 2RO MR ZEETE S (k132 2003,
5 HE 2> 2006) o

1-2 MAKEGEOMECSE T 5ZEEG0
FEHIRIE

AT 2> 5 B % L 72 RS Ra Y b 25 T 2 R
T, TOVHII T AKEZE HPIBEICE L TWw 2 (K4).
BUEE T, 48— F4 M v ) LEMICERRA DR
ENTVDLLITH Y, Wdla (KEE) ORI
SR L THZEL TV BRADHIREYENR Y L
T2 (E3- HHf 2008) o & 2205 ¥ L, AURIZ 72 5
7o B A D A ORI EA & LTafi L Tw
%o

B OF UL, ERHEROBIEIRICEN SN D, B
BAREY CIRE L OB R - BUIROM & 72 5o HRE
HZESDLLH Y FR=N—RT, BRIZIEFEAEDD
OBHARE WS (FI2009 0 21 H) o H2T, ALK
MIREFICB W TRES N AHORBE LTHE S

BB (R 1960 - 1960 - 1965) . [HABREELIZB W TIE
FERMZRFHAER L (272 52w, FIAIEEIIHA SRR
RoFirE» 5D 5 s (FH2009)

B £ CABENMICAZRRE GEIF) 2B EhTnws
RIIIHER SN T2V DS, FHEOEBFIZ B W TZEO#
BORNEIRZ BT ENTE D, HKELH S 1.3kn T ik
DORFIGHEIFR, 3km THLOBPNIFEEF, £ L THREE
JRICEE 2 2B A RS T, M T T, &
T TR ST AR B ICA L, RS ClE TR
AR B FHAL T2, WINBHBUROF A = EIR
LCTEL, BRI E TIMA L2 D L 5573,
FA 7 EA IR ORIAIT L A LA
%, WCTRHES A eI ER DSR2 > TR -
BARDMEE %2 > TV B A ZEIRL THB Y, RN A
)R L7 & % OFARIEENOF R E SN D,

1-3 WX XRAMAEEIC K 2 BT ST
ST B H5E

SCTEEARON, HOG X MOATREIC X B

ETH OB TD % o JERFHT DR 70 5 6 1L R FEUFFED

o




123 SR Lo R

R FRL R

[R#]
0 HmBER(1H BRI
O it (HorEL)

0 #er(aaRE)

M i L DA

o Som
_—a——

o] 1 0cm
— — - —]

(BLEE - M Mok

M H st O7 8 5 T 3wk SHAMEOHR

2 RERRMETELEIFFHFOBR (RFFIEH 2003 &)

| o |



——

IR 2R AR BP0 38 1) 2 R IRAT TR b B 5 0> — KAl

FAIB R

=

19944 & K P8 + B HERAR S

(BESLEOLIERT IRIEELOTESE)
. . — s s
N L i — e
; FELOBEERESE

MEFEI XL BHMROBLRT g oimimy

$F1235FEM

EURA LB RS Im BERDRERE

=4

- LA 8Sh T - RRERE ) Q) B39 R

B1125HIE UL
(0155 RSH3mEmHD)

ERIRBELFRIEUT

3 REFERMETELEHHERIRICE T ZBREARAOTERRT EFEL (R - 1LF 2007 £ 1))

o




——

MIRA &, R RV 2E 0 SRS, BUE O H0O6 X e
Wr4€tE (EDXRF) (2 & 2 CHEMB O 54T TlE5T %
CENTERV, WERD [FIHEILRE (WDTY) J, [
HI/NGEIREE (WDKB) 1, [HIHZE% 7 4 M (WDHY) |
EVIHBIRICE TR E Y (EAWBR, WE2Ko
HWHKIIZ X %), TRIEEE (WD)l & LTO&>0Hj)
FECREGR L, 2 CAIIREIERC X 2 JERE I o0 R B %o i,
KR EOHMP AL T 2Lt hDb, 20X
RIRPNE, ARFTHVR R L 3 2 PR BRI 5 1
WPF - R P A EBRE A 2R RS B0 B I E AT A
RIZBWTHKIHE#HTE 2 (K5),

2. LB AHARE, WERABELR
KEBRARFICHITIEER[EAD
BRLHEER

FHHBE, RIS X 91T, FHEH T oA SRR CaH)
DIERFHI T DIRITIERT T 2§ X TOfae BE LA & Hedly
rhEATAEERD, LTI, WFICX958%
VB LT T ERORME L WO IEEID, HILEMPL
DI RBEAEFIC L b DEEZ, AwEEOH WY
MARATEY E LCAED T & 72 ()1 2008a - 2009b) o
Z LT, 20X ATEAHE SR G i DRI X
T#lHZ EzFML7: (JJI2010). 9, TORRE
BAELTHIA L, ERCOBERER TO LA OREHRDC
X9 MG EHBOFFIZ ATV ),

2-1 HIREAAHAHRE

MBI ASA RSBV TE, BILEEETRE S L
7 B R 25— R N L % B L 72 36 3 v o 4K TE
&, B S NZHCRES O IRTE TR~ & F¢ 5 H S
w7z (1L 2000, K11 2006) . F12, BRI &
BV (RERS L0 H 2R R, ) PO B P v Jeal iy, 3
WLFTRGER 22 &) &, bty AAHER s GOl IR =2
ARETRE) 120 L, EE & & ORI I3 B R
2GR MERE b OO RIE RO b b BEA
ORI, BHFEAL TR A LM IR 2 HH
ZARLTHBY, fdk GEF - FAERHRE) LHleEHZ RIE
LTwa,

Z LT, HIHIEPERE OB BRI I, FRGEH ) AR
P L 9% [EMRBI=AHE] o5l E o TR
b5 AOHFIEL, ZOFHABREOEREL IS o
CoOWBREARO =Mk Q=M - TmZehiE -
FBIE=MAK) oafitihTw s, uEERKH, HE -
B 2 2 AT B o BB R E AR T RE T/
AE=A#RCHH L TB Y, REEAES R TI3EC
FALTw2 (EHR1997) (6 F)o MU 1 B
TIXEmZE A ik & IR DIR ICAA L, BEIS IR B IE
T & ARILR PR T THE 7 I AL & T
HIEERE, R REm 2 Ak & B CAH LT
Who &0 DI, BT EPNIT R AR 2R L
TBY, RRRSOOPUIRE A Z B IR RIEL
M & T B WIE 2R P ORI BEEAE 2 /R A BIAAAE S
% (6 T)o T-HEUA A A #ER T b = sk & Hlge
WCHHLTWa. —J5, TG & oI 2 A/
WP T, [HE M T8 v 22 A 8k & 224k
WA Z EARRICFIH L, #BIA IS ELRRES & R
HRAEFLTYS Y,

B, NEBIROEAZIEE - #I L, 20X ThHEHEN
ELTWw5, WA =MERCmErikiEe:, Hlacow
TR I ARG AT O SR % 5% A7 S € 2 H1H%

2-2 EREIELET RERARGRE

LB AL IR IC BT, 6 123 SR HE O P A X
PO L7237 ay 7 R R TS A S B
BT AEAROEREHEEORNE L RLTWS (%
FRIEA 2003, ST 2006) o 4 %R 0 Hi T FRIAE B DI
HIEGDE ZA|Z LN TRV, BEIRIZHB VT
AL, BIROEA % E L TEETERBEED &
MIGT AL WM EMA 2 LA TES (K7L, 2
OWRPE, Br¥E0H Z LERHR T FIER, AEEE
SETLHMBETH Y, By cEEShEAD) D, 1T
19T, ACREA %85 U Chg bR i 2 3L €
w5 (A 1977 - 1983) (K7 W),

FHAHIC BT D, REEEE, RASGEDE, U oaE
MR, )5 M o0 & M CTRBRICHCIRIE T (BR

o




IR AR B 2P0 38 1) 2 R IRAT TR b B 5 > — KAl

MHEIRFEE SRR RER
EBE-TIMRESR

LAl

4 FMHEEELROOMEEBEAERIKR (2R - BifFE 2008 £ V)




| —o— I

BRASHH T REAHASOEMEE MTER

No. HEE FEH PEHGL R HiBER

16 1 HIFHE (1 WDTY 54 38.60%
16 2 | AR WDKB 4 2.90%
16 3| ARG WDTK 6 4.30%
16 4 | MIH - RAG R WDTN 5 3.60%
16 5 | MM EIGE WDTM 2 1.40%
16 6 | FIMIEET A M WDHY 37 26.40%
17 - | WEhA B SWHD 13 9.30%
- - | #EEAR - 13 9.30%
- - | At - 6 4.30%
a @ 140 100%

20

Mnx100/Fe

03 04 05 06 07 0
Rbx100/(Rb+Sr+Y+Zr)
| o BROEN - R BEOER - AEEDES » B TR |

5 RREFETER A BHHIRROEL X RMIREIC K 3 EDHEFMMIRER (R - (UEKiE 2006 & V)

| o |



——

IR AR B 2P0 38 1) 2 R IRAT TR b B 5 > — KAl

BASKUR - BIROF & 2o TV b D) %R L Tt
WA L, BEBREGZH#IEL TS (M7 ).

7z, MIHIERE OB BRREA 2 A L 7/NMEOE
TR, B BT AEERICB YT LTy
% (KR77TF)e ZoHpld Lo mMBIAHA SR, %
CERTHIBARE T A 7 A G halE L T 5 1T
HELE D

2-3 FEOHEKRELEEDODERDERFITE

TTETRRTEALH I, MBI AHA SR &
T TR S R\ A S B o JH W I 12 am
RBRDDLIENTE D, FEDFAEIK, SF BRI
FOEREZOF ML, MWETENLEiET & v
IR TH Do FREHICBWTHIRDE A % 3R L TH
BL, ABOTFLZMEZFTHE L TRMOBETOR
13 5 IC T &9 2T AHBELZITH. D%
HRORES 2 U5 LRI, FEMRREZEILT, 2oL
BUHICTIILALRETT 5, CORELIWZONLE
Mad L ITHRAOIMLEHLIERELTWL, ZElsh
7oA LM OFEER 2 K& k3 2 L0%
Vo F72HURIECE O ERETH & FZEM IR L TW A D
ZLLRBOLND,

B2 12 B0 5 BB A O M T BR8N B)
EHEMBEROODO—RKINTE, EAHIEFFIE IR
SHER A g CRINIFRIZSHHER) (2 BT D8 EIE A g i
TEorElE, FICHBIA~OWLMEZHYE LT
LEz o (Bl 2000, K JI12003 - 2006, #HH 2006),
Z OBIZIER T 2 BBE A f B E LR & Ao
JHA IR O I BV TRT %,

COXHIT, FFEEMIZB T ZHCREA OB, #EAI
E U AWEMETRIE, EMBIREEOME, LT
PS5 Heal (WA EAN) 12 & > THIMO A EIE
BANEIEHT 50 BN TH 2 AwmBROELRIE, FEO
BEREE» LT RXTOLEDEFmINTBY), WA
B2 EMOHCHIL, At RO AT OB &
FHEMERIC L 2HEWHEBEOME 2ET 2B E LTwiz
LEZbN,

3. BARE M VARARFICH T
ZRERAFADERLHE

3-1 MEREEETTEIEWN - ERAE
B £ R AR EF D15

ST, RO X9 eIk o BEA A OB TE)
i, ETETERDIFLDEL D Ho FUDICNT X
I, ZOPAHREE LAHSEIFRIE, TR
FCHRLIEETHDLLEER D, ZITHBETLHON
H T B A IR B 2 AREL T A T AR A
WHTH 5D,

BHEAGHE BV TERBEAPAH I TWE Z L3l
AR & HSGREE (FpAS - /K 1958) o RT3 T
RSN TWwiz, &b HIRE I BRI,

Wt 15, /v F 18, A7 L A= 12 5, 5% 340,
Fhr, AR =V 43 HOFEH 191 mAEL72E v (i
Fre/ME1958) 0 29 B RIEAHRIL 87 L SN T 5,

6 MAER SIS v (B 2009) .

=75, FPHUEEEAE b SRR E T (58 5 AR
Wid) BT, YA 3 BT oA RIS
i 1500 S LTwb, FIRAHIZESE, 2l

FHAEN TS (HAIZAH 2008). & D bIF, RINE
(2B TRIEBCRDF P /NI 5 e 3 b & #HE L

BAIZOWTIRELTICEw U5 bl A # i, TER &
PR & AR R R fRIE T &, B S NZBUIRIEUH DA
MPHETE %,

bl A @B ClE, 5o0AHERRIRE SN,
A 7 A4 28 1, W 35 R, MERH 79 ni (Bl
BERZ S ob0aEE), Wil 41 5L #3451, 5%
BAr, EA2maxEtat 286 Mas L L7z (st
MtEd), BRI 200 M EH 70% % 55, TEE
I BB & OB H IS OFEAHI S, bl A B
PO LTCTERIBHOAREES LAWY

o




HHERER
REHRIAAARH HRAEN TEOTRE (% 1996 - 1997)

WA & F=H
& L3 B 3 BE A

BEREIMAFTENH T OMBRASIFOERRZES (FH 2009 £Y)

0 Hem

6 HRHAHARECHITIRREAONA

| o




| —o— I

IR AR B 2P0 38 1) 2 R IRAT TR b B 5 > — KAl

FEILE B 2 ZURsE 112 SRR 01 BBTH L
(RFETHEZES - EILEBBRZER 2000 £Y)

RAMMBLEfEImaHT
MHEEEERZRBAE (4 1977 £Y)

RAMBLSENE AL
MHEEEERRREAE (4 1983 £U)

I BI85 4 IE T B AR EE IR D
MHEEEERRREAR

(BA - K22008 £VY) 5cm

=

7 BEMREBARIFICS T IRREGOFA

| o |



——

N AWDEME I L LR VAT RF T THAH I & h
5, AZBRISEES SNBE L, W (FER T @)
LzoH R (Jail A #E) OBEEBIZOVTHIERIA
HEEASITHF LA L 2w L2 Gbe T, MEik
DHfRE [R=2F ¥ T & [T—2Fx 7] LD
BOfT&RL LTERINTYS (EBEIZ2HE 2000) .
R UL I Y| 5 T (K8 ~ 10) Tid, 92o0
AP, S 683 MM LTEY, 10X %Ml
WCThbH, BIRABAHENIZHB2HMNTEL, &Kok
65% & K 5. TOMOFIHAMIE, EHHEI LR
TR L SN B HRO B VIREO A E % B4

A D 617 ~ 622 FIZHHE N/ b DHRIET 2 Y
FA T 2T M, WA 31 M, MERFA B3 A, K
LR 2 55, FF - B 42 55, WERE 21 08, 3R
1A, HALETH S,

&N DI ERORARI & FEMOFAIRMICEE L7
W (X910 F4 7RAHDOEEIZIETV L DD
TIT A DT B DO, FEARIIIH & OREREHF
BFEM L LTom & ORI WIN L% 5 L CHl S
EROBEEEH LTV 02 LE LTS, Wi
A 7 ARmEIE LHERAF TN, RREDD
R R /NEOR P 2 FEME LTwb,

HMA O ARIE, AR S ORYEEZ IR T 461
MRDHEN D, MEEH T OFMITIE, T ZEHHET (55
THRMEMZETDOVPREARDOENL DD, FHAKT
v, 2 AFHEHTHEIC X 2 F—F 70 & OFEEESE
MEWEL TV D, ZHICKRET S &) AakHkidiz

HERF R 121E 23 S 18 HIZERAF LTS, 8D 2%
X9 D12~ 16 ® X 5 \ZHF O R EE AL 72 A b | B i
2T HONL

10cm Hi #&AEBE O RN OBCIRE A 2 FH 2 Z D/
1T 7> S R ) Fr 2 R ICHEE L TW B 2 &R S
o (B9 D15~ 17). & o8 T O LRy
F BRI R S MHERFA T2 oW T H fads D FRM &

LTBY, AeHEHNNOTFmICKRIBMLEY 2o
2bDFIFEALEL, HNOMD S OMERH T O R
BORHERL TS EEZONL, ZO/NMA St
B 2 FMES 2 5803 E T E DS o Bign (B
BIEA) oW THFERHTHLZ D25 (K10
D 19),

F72, M8?D20-21 DF A 7AiM, KurET
SEMAZFAALTEY, BILEEREDRREIE
Vo TITHELZOD, FHLTWLERRAOMEL (H
BIRE) T D (B5)o Jabl A B L& O5H T,
FIBIT R Z2 121 pirp 13 MASTREE A » BT, AIHEEE L
E, FIHZEE T 4 MEZ TG & L7HIERESS 108 2 & fy
9HE LD L (EHE - 1AM 2006). WIRBIZE2 S Tl
HHHTER T @I BT D MR U E i 2 2 C
&bo DF ) YEAEDOALEET B A HCIRE A A
BRI % R I N TWR LB 5759,

B, ABRBEOSMHIZOVWTATWI ), 7avy 7

W7 ey ZIZHITHEE R RSN D L. TRy T2
OBNMEEH R T, Ta v 7 30I/NEH R O Y
HEE L Z 26N 5, —0 EVRBAROAET, 70y
7 1~4, 7, 8IZBWTEMRE LT HRH T OHEEL
ANTEAMEE, Ty 7 20T RToTaE Y 70
LMIMENTWE, 78y 278, 9IZoOVWTIHESEZE
fhe Lz S 2, 70y 7 8ICHEEH o # k%
AR EEEEI RIS TWw 5,

HERH T OVERNZERBEA 0T 03% <, A%, #H v
R ofETd ks, LarL, REREAOT A7
Wkt E W0 HBUEWRIBA R E T2 (KD,
COZ LR OAE (KA 7AW
OFHAREIEHNEF X 5, Jhit, BREREAOREAH
AR T XTHIRTH D, B DR OB D 5 Z
DR EFEAHITERN SN T2 & LRVEIR
BHDDTIERVIELI e 2F ), FHAZENT LI
ECUBOAKREO THEZA X, $FMNICENTH S
MG OREEH T ZELL, TORMBREE? L THE
AL LT ) EAEETE S, T LTHERZ, Z
DX P R D LS RBILEG L A%EEE L

o




——

IR AR B 2P0 38 1) 2 R IRAT TR b B 5 > — KAl

1 FERERETT TR [EHE T ARFERE

B AR | b EEEA S
Jav 7 No. | HE/ At | %/ T BRUA | Kn Gr Bl Rf Fl Sp Co Rm
B PEN FYEPER
15 1 2 5 T 7 I
1 61/80 16 2 9 16 ] 12 4 9
13 6 11 13 7 6
2 79/145 36 2 2 15 13 4
13 5 7 13 49
3 102/141 54 4 5 o7 4 4
13 ] 4 2 ] 5
4 68/95 55 7 18 ] 93 9 3 ]
14 1 2 5 2 ]
g 30739 16 4 ] 3 7 ]
18 3 2 4 7 2
7 45/69 27 9 1 14 1 9 9 | 4
18 2 ] 7 4 3 ]
8 49/72 31 9 5 9 6 ] ]
5 ] 1 3
9 10/27 ; ) ; 1
1 1 1 1 1
10 8/15 b : ;
73 7 31 53 2 12 2 T T
pas=t
et 452/683 274 24 32 107 3 78 18
0y ZAME | 124/169 — 1 3 7 1 1 1
Ty s hhE | 113/149 — 8§ 15 5 ]
2y i — — 4 6 7 6 3

x7ay 7))y FINEEFHGRBERERORARONBORE AT ¥ M LT,
¥ Kn: F A4 7%, Gr: Wes Bl #EHA (AHN), Ri: ZRIMTOH2HK, Fl: K, Sp: #H, Co: #%, Rm: HA

EEDTHZENTE S,

3-2 BARETFA 7HARARFOIEE
B EFAaH

AR T A 7 T4 b e it O 8 & R AT Bh IS B3
BIFRIZOWTIE, TV L 220458 25% % (R
[H1994 2003, JR M 1996 7 &) o R — B KIZ L UE (FF
J6 2004 - 2005), —3EA BB 3 CTHLE Y R A A
(RSP NEOAN) EEGE U [ R ERR
ELTHmOT SN, SHOAM % F-NICFHAT 2
LRI SN TS,

SATHLPIC DT, BUbH 5 H A0 I e s
DX ICHEEAEZFIRL T2 At HErbis - B
WELHIR O X5 ICEHEM A, BEARRIE % &
LI AMHEEICKRELS Db rn s (PH 2010),
KR THHT 203BEOMIBTH S, §TIIHLKIC
X o T, EERHIE & B DU L s & @ BRI DO W TR)

A OHTEN ZHBE ORI HRRHE N TV LA (K
J62004), MHIETIEVWINSREEARLTILGELE Vo
7B L L CREED AR & Z M E R FERIIHT L
TVBERZOND, —J, BRIV TIEH IR
BrMERBAZAHLTEY, X ERBROAMTH
HEEZ LN D, WER R R AT X, BA
;A TR A ERE L AL LTES Y, %
72 BT ST OOV — N BRI 7 0 B BR A AE
LTwRWnI ERd, FA—Hiliz b - 72 R0
Wi, &%\ IS ARG D & ) R ERTENIEE T
v HETHEA S B RUE LI BV B R E 04
FAERNCEARE & L COERICHRW - EZ2 6N, T
ST SRR B L BT b TR AR UL A
JFUF % i 72 A7 SR IEOR O — i A M5 & L CREE D %
ZenTED Y,

o




<ZL L URY
_

e

i

i

1~6:+4 7%

CYNTREREAR (EE 2R 2000 & 1)

8 FREEMEITERE I @HHLARO




| —o— I

IR AR B 2P0 38 1) 2 R IRAT TR b B 5 > — KAl

AR R OB RO
(hOEL,»LOMEFFOXEERT)

12~16 : #ERRIF (15 - 16IFEFEODR 7Y F)

MhOmEH D OHFREEE
RYRERELTRE#LE

9 HMRREMET TR EHELIARQ  TNTRRREAR (K£HE 24 2000 & V)

| o |



——

4. RAREF A IaHaRFECAe
F¥#t 0 BRI B EFITED

4-1 [FNHE| BEREAOHH

EZAHT, TEEIEME I A ST O REEN
B OO X ST RE I X % e Mo HE & o AT i R 2
51, FIHEEEIGHE » BRE L V) ZDOREHERITK
ENDHZLEDPRROND. Wl BRI, LI
MR b fie W A LA S T B PR 7 S5 3
THdHEEZEZLNL. —FOMMEE, F 2 SHHEE LT

RO SN D (A 2009, T 2009, KJI2010). 3y
B, 2KEIMICHAE A S W LR R S b,
ZDEITERD L, o BRI E I (AT
B0 AGEOILH LB &) RE RIBINIX 5705 % 12
EHMTH S )0 ZOPT, HMHKEMSIFOMNTE, 75
REMEOHIEICH L TWb, ZO5KEZFEILICH
ATRLEROIROUE L CHEEMTD 5, HDRIE
FTHEE L 720 o3RS EICFIH S iR & &
BIZHML, Flodsbkid, srAREMMICAES 2 RE
B BHO L) ZaRBEOMILER R ST 5 L)
OO ERoTWAEEFR b,

4-2 BF% - EiL— b OFRERE

By HUM S BREE B FUEBR T, BBEEEAICZ T,
Wi ERET B A EZ AR F A4 7RAZRICHAL TW
%o ZOFPNIARFHICBNT, FEMOBEL— T OE
BV AT 2 72O EETH Do 5 WA 5
Gl ANyl R MY SV o RN Lk S
ARGV =1, ZON— b EIEANER L THARTEH
T ORISR Z TN - ERIIV— P EIPRZE L35
(1o TOZDDN— b DOTEEBEIIZOWT, HlHE

HHLZzW,
BT S 2t T, ISR UL 7 S0 SR AR & R 0 1

BHGEEE 2 R SAREV— MZBWT, T EA &R

MTEMWICFH SN Tz, EHICZOWMAMIE, /ANME s

RFFE B THAMDRETHIEL TVD I Db,
ARG I R R 2 R R & LTI - A5V — b
PHbbENbDE-ESNL, EPDIEST, B
TR EGRE T, W BT 2 oh O s B 2 B

A ENTVE (K7 F)o 2DLIL, THOZDDI—
MIMARRI T 1 7 I B © MBSk e B % 3l
CTBHRERTWEE2bN5, BERERA L TEL
LWV TODAMDMAFTLEERZ TN I LT, #
NBRBLF A T A A ke, T AR JE TR B i £ 25
B, IMBUAEAZRR (SRA=A0) AE V- bk
WA L Cwa HEBEH LV, ZOmAMOMALD
S o2k, BROLOTIER Y - Eiftv— bo
JESRPE L W) IRAETIRR HREEE R D,

4-3 BEAREF A THEARORIERN L i
BIXAE DR R IEE

¥ 5 BB = A B ORIICIR D Z A S BRI,
BT RBAG ORI (BFREER, S20REIE T - M
LW BT RAEERS) 2. ZOmHIE, T
WA REHAM I L B 2 & D, BUREA & v ) o
LA TS aHdl, & L CEMBREED? LA
R E V) =00 RIS B LT 5, Tk
o, REHHEE B Z D < B f R UL R OB Y
S, [ U < PE I B THCIRE AT 2 BIR A 1 -
R b L3 ENS X o TEMIR 2 PR3 2 W i 3
BB REG RO NS EE 272 (K1 2010).

A CTHRTE7ZMY, ZoOBRMNRERITEIE, BA
WAL A 7T AR AR S DIE5, £ LT, MK

HIIBUEETOLI A, W OPrDBIFIZHR SN, K
THWRGE LIBAREL T 4 7 A S AR & dul &
LTwREmHALTBEZV, DF D, MBI,
BAREF A 7T At a s e 2 ik L NEERNE, e
72 R & 53 % 7R3 A Bk 0 B I e L % BRSE L C
VB EDPEETHS I

CC TR & 2 5N SR U L B R AT E) S
DVTHIKELTAL ). HRERKICZL 5T, HHNMT

o




| —o—

IR AR B 2P0 38 1) 2 R IRAT TR b B 5 > — KAl

—

5em
]

19 SWHD

NOEA D DRERR
DFEE % RS EAH

22 WDTY

R RREAROHRR F DEAH
GEErEZEE®)

23~25: FERARHH T
23 - 4FMBIRFEERRRERR

26 HRIKER
WDTK

10 ¥BREEETTEE &N - BR A SIFHEESE (EHE #2000, #£E - 1LZATR 2006 £ 1))

| o




——

WO N AR & WNTFRIRHHE A2 fEIC B W T [EAR
AR A G | A3 S (EIR 2003 - 2008), 4
EWHB OISR L a2 R EbiAEn, #YERL
B3 2GR (o) 2B ENE LS
NTWwa, F7, FIFENE TOMDIAKENEA S, A3
EB O LA S FIb EE A A LD 127 < & v )
BHBECEAL TV S I EMEHIN TV 5,

R Cld, BEoOAMH, Lirdbiekike Bokh%
HE, BEME TIRINLIATS 22 E—RNaHME
L7478y (B®) & LT [HWWEETE] 2Ek L7z
Vo F72, BFHIOMBEESENZO L) @R L
TwetidE2 oy, HEHOBEELZ EIANEED
S EMGRVDS, WL ORDOERD O D FER L EEE
EFHORBEPHEESINLD, ZLT, 2OLH) RREDE
W CREE TR & o BIAEA) % 50 i 5 C i R
LIZATATENE, A O CIEk L TERTE 2w
3 X 2 FIRIRGB) L AR TEI THH L ERD
Nb, 72, PARTZ2EROZIFLHEE (hHIED)
DR E EHICHBRLTCI LI, 2F ), BIEAOH
TG 2 A O SR o B RS AT B O i 19 5R
AN ERE, BARES S T ARASIICE
TEIVDIFLIEVRIONDEDTH 5,

MAREF A 7T %, WIS, MR
B E V) F oK R L) IS TE
A BRI, RO JERE L I 2 HUY & < N A
HEHRET I L ZOEBEBROLIRIC X > THMBEE LT
WS RED B S D o FAHBEED SRR, € LT
HSCREAC RS S B E BT~ & ) B O Hiahrk v i
JEEE L CORFEDOMA L, B TO - FIHRN &
ERERNCHFET 2720 OMIKETFT NV EMBEL TV S
EICESTRIAEL T ZEREENR L,

Bz 2L, SHOMEIBARIL S L TIHS
T R ST R R A, BRI AR Y, AR = A g
Fle v s ERICL 2N (BH) LZ2oftaoR
AT TH D, BIIESRATE 24 o 725 B B S % 42 [
ZELN B IRKETOLIEHEST 22, IR E O
I PR & AR O 2 F0IT L7z [ A J502E HhBA
W] (3 2009) & LCO#EmALETDH D,

i

ARFFeIE, P 22 4E WA S0 SRR IR SR [ e b
—EIRBRBE R O 5 BIRA OPRIEB) & BRI AT | (F
Zef0EY N RAMTEIR) ok e, RINCS 2 oh
7oA R SR AR AR 4 THARGESICB T 21
BUNAS L OTEBGEE ] CFRE 21 ~ 22 45)8), B X UK
23 4EFE H AR AR B RBHA R e BBl & O PiFse B) [
AT ORELT: & WD © AT SE B I N & O T B AR
(AR 5 23720392 - WERARFRE KIAE) 2FIH LT
H5o

T/, AWEMERT 212725 C, BEELOM R ER R
FREZBWTUTON 4, HEICBHEEICR) F LA, i
LCE#H# LTS,

JNHERESIR, REERE—IC, RERZK, ORI, IR
W, WR WK, HERMEWE - RER e, HETRE
THE, ERTIAA

£
1) $Fs ORI 2010) (2B T, BREERA L TEAED [3#
TE - MR oA AR L <, R B3 D178
IR EBIL — MZOWTUTD 20088 — v %4l
L7
a AHHEASEN R S S — o (TEARAE = M) (hE /2 i
DA - /NEZIE= M) + IR D
L — b - OF o E—BWR  BlA—F v — 1 - &
g, @F rle—IufEliim - Ba—EE, OF%F
We—35 o W T A JFRE L - A — T &
AT - AR - B (MR gl A i
PHLCRIIG), 404 O EZEM 0 - EOR— G A dth o (v
ki) - 3T
b. BAEMEAGR S5 — > (T2 - FIEEAE )
TRV — b B W R R —F o We— dUfE R
HE, A O AR (SRA RS
SRR T R MR

A1 M OERBEIFERTE D, TEAICOWTIE, k
FLOBR Y — 2 E LORLZZEY, SRS & HE /i
EPEOR RENV—1) THi%HBEREAE LTS,
OV — b SIER EIG RSB 5 % L~ 2 5
X912, L b HhCln -8B 3 2 R0 0 & [k
Al ELCo5AiR s — 2T 5, AMlgi~oiE
WL BB E R 2 EH 2 R L Twbdb0LEZL
N, GAiokEfgNE LThEIT) 5,

2) H¥GEE RN, RETZAHAEWE ICRRB T
%o ERORAITE L COMER LRI SHORTAV 72,
IRERD T I THH OBREE T, AITIRTE IR IE D% R
BIRAEA S MRS % 4 R L T b,

3) TITHY RIF7REAE L, HEREOWIRBIZIZ X DRI
MR R ERIB A2 EATWARETH DL EE A Do
F 5 72 S REWARBROBRA IO W TR IZAH DY
FELHBICTE S, SHIIMAT, BRTED DL




——

IR AR B 2P0 38 1) 2 R IRAT TR b B 5 > — KAl

RRETDDDND Lo FEEMAF L P FR—8—
RT, KHEDOFEZEDRFH D WO T L BTV 22, ik
BIER R DL E2 5. LA LEDS, FHEHMESBE
ek bl LmMBUTAHHIA SRRV T HMmE 3
CAGIERBICAHENTWwAZ En, B2 MK
WHEORBATH L LEZ NS, I TH L HIRD
WL o THRFARLEANREL LEZ OND,

4) FERKE, RO EEEH VKRB 2 — 5L
HEFRR R o T, HPFRTEIT EWHE AT
BB Loz L 2 LAkl etk 2 R L <
Wb, 7z, HIEHITH B IR A BBk DR S,
LD A BIRNE S X B W TIE % <, [/MNEEA OFF
OB RIIINOMRME Z ET 2 LENH D] L LTw»
bo HERDVED L) HEFIRNZHE L TV 20135
AN VA, BRADAFIZOVWTARRICL 2EL%
F9IEEICL, BRI OAENEE OERSS R ER R
MIZHhDBEEZ D,

5) BHIEHIUA BB O WT D, FIH TG e g i
PHHENTVDL I ERNDbRroTWwD (I 2009, 3
1984) o U4 BRI O W T OHH IR % #lh TH
%o

5 A 3k

TR - R R B - B AN - 0ROk R
JNAELHSE - B 72003 85 1055 B 0 2 38 e 12 5 1)
B IHf gk (R BF O JE AR AT (30 | TR STLrsE)
2 A7-TTH B0 BRARANSCRA e

LR B - BEAE - R - R B 2005 TR -
JEE LB B AE o0 AR 7E & IR Bt ] IR b o)
67 7T1-84H HH IHAELE#GER

SR S HE 2006 48 56T O B %7 o0 I BL & 3% )11 BF o0 2 A5
e ociiar | TBratias] 128 21-43H Hul B
[EE e

MWAHE 2 2009 [HAMEA B 35 o0 S e e A2 | [RRH it v AR
EBRITSE 100 AEDFCER] 234-257 H  R¥F HAREBRT
EiE

N #2003 [ HY B 8 0 B2 78 & b r e B — H i
B B BIBGAH OB E» 5 - ) DR SLT
78] 2 145-166 H  Hint WIS AT~ ZET

Bl #2006 [ B4R 68 % 8 < AT By — R IR
OGRS O 0T b — ] [ZhEdT] 2 1-
22 H R WRERAESCAEE A TE S

KU M- idk 482007 [REA—EEHEEEZ © <5
NEHBO—HA—] [FHZWnE R noElhg]
99 917-21H BT HElE

Bl ##2008a [ RSOt % 30 < B AT B s AF7E—
BB O RS iy o3 WA 2 RN L 72 g 76— IR de%
Wt FREAEREAG] 70 1-10H A IHAERT
LRl &

Bl H2008b [ HAMEAT H R4 B) ORI B 5 5 GH R E
— IR SR B UL SRR 1S A B e M L PR
HAEOWED 5—] [ &3 LifsE] 14 134-138 H

B AsUbiiges

Tl 20092 [ TE A 7258 A oo i S—13 i Al A i v
TR A D < B FFE 1 & BRI IE F AR L3RR R oA
—| TREBHERAERE 7O Y = 7 M F— 25 2 [FsE
& - s [REBHZE O 2008]) 63-74 B [ 1L
KERGRERE O Y 27 P F— 24

eIl HE2009b [45 B ab Al A & A 72 FEH W e s e | [
ShM AR BIFZE 100 4EDFLER] 442-452 H EW
AR B ZE S

Tl 22010 [RREH 1S S HGE Bk & BIRA % 0 <5
WIS AL D@ ] [BMNEESA 7 + —F 2 2010—H
TE MR L B < B ERE—] 8-9H
EW EMNEBA7 +— 7 2 EFERS - EWERINA R
SRR 2

[ 2 1 5 2003 [ Th7 R 3R 36 1 % E 0 B SR — B SO 7 V I -
IV T BB B 2 & B0 1AL 233 T o 3 b 11 2 ik s o0 3 g
P—| 5% 1 52-77H HEl “iiEA

[ 5 3 2008 [ 1R SR O FEE | [IHA #2078 4 83-
98 H EH HARIEfAMFE

AR 2007 [ o faaH ] 1421 MEdEd Ao
IHA# AL E B2 S TRE] 76-84 H HILHADIHA
WL EEL A

FE AR 2008 [EIJF+aEBk) 324 H BENE BRI IEE
AL A SN

e — - A 3 - ZEEIE T - mILE B 2000 [T R
T SR — ] S P A 38 L A ) T R A e
HFH—] 252FH B HWMIEERESA

TEMERE— - LA SeiE 2006 [H AT 2 AE B < IH 7 2510
AR >— 1B R b T 2 Bk 3 L P ) S BRI A s
H—] 197H W8 FEEHITHERAS

R %1994 [ E 7S A s A EconT] [ EH)
FE BRI A S b SEREs A #ia%] 92-108
H O FBREEZRES - WRENEARE K
[ A S

IR 5% 1996 [0 B Bh 8 B AR Fs i A s 8 b
B CHi] 113 EH HiE MBRBEEZRHS - B
[ A W I ST A L i A 2

IR %2003 T35 o (RaEHE B i i i W s e S o A |
(%17 MBI AROIEA %L 2555 4) 75-81 H #
B ORI AROIHAR b E S &

FE5 FHAN G - ZEFRBUME - oG RS BIHE - IR 3 - TN BE 2006 [
L R IR I o b S AR TRE V2 BV B 51 oot L B 5 B F
72 ] [HAREHHHEE 72 MRAHERERE] 37-
408 | HAZENEHS

FIAG 2 - w0 2008 [ B U3y o T I 0 D5t o B
O BIRAHRTESE | [HARIBA 245 6 [l - Mot
W YRV ATRI%E] 68 H HI HAIHAL
FR

FZRIE R - ANRZHE 2004 T35 008 W) 0 HARER2 10 5B L2 BY
T AIE— IR M7 — 7 R— 2 —] [BliEREEAN
SCRHEWRGEITARCEE] 55 Bl BHA RSN SCRHERSERT

Y& B 1984 [ RS Tt o el k| T— g (138 246 5 (K

o




——

A+ JEARNA VS MR E S AR A ) )]
K HERRES
FoFE i 1924 [ARGEESL 25—%) 605 H RIF HiREH

LW

RMWHHEER

135 H K

RMTHHELER & -

133 H R4

RMMHHEER %

134 H R¥

RMWHHEER

2TH RY

G LS A A
RMIT#EER &
S 1L AR ) 2 1
RMWT#ELZR &
IS 1L AR ) 22 1
RMIN#EER &
G LS A A
RMIT#EER &

1989 THE ILEBREE T )

1991 [R§ L bfae 1)

1999 [ 1L 5 B I )

2000 [ LB BREEV ]

RMITEEZ RS - ISR N 2001 TR L8V )
87TH RY RMNETRAX

HORT = AR ARG E 1959 [ Uk e AR AR v T RS B
[EASAE] 29 1-11H SRa BIERREREEZ sy

HAS S - ARSE—T - FRHERLS - S - SR Y - IR
AE# 2008 T b JBEEE (55 5 %k - Wl ) Jed i 2
il RY BRNEELZRZ

TR EEME 1977 [RURA 1B RimiE 23
RHF e

HATEERE 1983 TR -] 47H RIF b

TED K — 1960 [HGEh M EAROH A | [1F#]R] 12-7 371-
383 H KW FilLEz

BB — 1965 [INAEOIFAL 244 H W 44

JEARIE . 1996 [ )50 B B HH - O IRIR SR 10 o T T
AELWE] 68 1-6 H R¥F HEAEZEHYS

140 H

TEARIE 19971 W U Kb > UL L 8 D AT I DT
[MEAFZd@E] 70 4-7TH RE (EAELFAR
E 12006 [RMETORERE AT THRESG L)
4 129-141 H MG BRARAWAE

B 2008 [HaH IR S A R O RRIE | e
#5110 163-170 H M)l A&Il#ESR

B - HPRBURERA 2008 [RBFIR T ARG, BT HR A 5 i
PRI R Bl —] 1-95 " RE
L SUE S 36

EY T 2009 [ BBECA ORI &5 E B FE ] [E M
WA 7+ —F 5 2009] 21-24 | R¥ EHEEA
74— 7 LENTEHR

AL —H 2004 [MARMRI A& DAL E T DFF—E
I H A H AW S o BeH I IRE —] [Zih] 1
4-75H1 FuC kA

ARG 2005 [RADREL S tE O w e udgiz | Tt g Be i
O L7ORIMM ORI Bl Wi ESE R &

B 2000 [RESCRUEAI R FI2 B0 2 B A A 5o
AT RE— i i 2 B —] [ ILE RV ] 197 -
206 H RY RMNEERRS - ISP

P 2010 [ ARG BRI BT AN LG#HFEE O
AMBEE] TEBEY v R Yy o BHIBAERRERO X
)7 & HAR—R#KIN BT 2 Ao B8 #I6 T8 —]
81-84 1 Hint BRSSO AIUARIRE A E b2 Ef5E

i=2%

(201141 H 22 B34+, 2012452 H 9 0 %3)




——

IR AR B 2P0 38 1) 2 R IRAT TR b B 5 > — KAl

Exploitation of obsidian sources and Late Upper
Palaeolithic industries in central part of Japan: focusing
on the Sugikubo knife-shaped tool industry

Minoru Oyokawa

Abstract

This paper aims at revealing technological interaction between obsidian procurement in the Central Highlands,
Nagano Prefecture, and the Sugikubo knife-shaped tool industry using obsidian as a lithic raw material in northern
part of central Japan. The analysis focuses on reconstructing obsidian procurement activities based on comparison
among obsidian reduction sequence. Special attention is paid to obsidian originated from Wada-Takayama and
Wadatougenisi-furutougeguchi in the Central Highlands as a key tracer.

As a result of analysis, it can be concluded that in the Sugikubo knife-shaped tool industry, obsidian yielded on
the ground surface in the Central Highlands is directly transported to the residential sites with intentional selection
for tablet-shaped blank suitable for blade production. Obsidian provenance data by X-ray fluorescence analysis on
the Shimohara site and the Ijiri site also support this conclusion.

Consequently, strong connection among the specific obsidian source, the shapes of blank, and the lithic
technology producing the stone tool forms is observed in the Sugikubo knife-shaped tool industry. It is considered
that the highly structured relations between obsidian procurement and lithic technology as seen in the Sugikubo
knife-shaped tool industry continue as a cultural trend to succeeding bifacial point industries, microblade industries,
both in later half of the Late Upper Palaeolithic, and arrowhead industries in the Incipient Jomon period which were
distributed in the Central Highlands and adjoining areas.

Keywords: Obsidian procurement, Paleolithic, Sugikubo knife-shaped tool industry
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N5 [HoAFh/zEmE | (embedded strategy) & L
TR L 722 (Binford 1979), Zhuid, [7V b1 —]
NOEIEE LTHE ShARETHA), T/, EME
HEGISED L) REYOHFIEIHOENTES T, Mz
HEFRIIADPEAI ZTThHo72b, THTHREV
HE 2 BEHT201XHWEETH 5722 v FE (Audouze
2006) bAMEHTEAWVL, - b - EEREO A E O
#EA, PHIHASRRROb D LHF N ELLTniRn
(Geneste 1988) &\ 9 Z & HEEEICHR A7 9,
2—=J VT REOWEICMET A7 5L =T YA
[RKIE] &, oA ERENDTS [T MY —]
WNERBE L T7z2%, ROERMZFMOBIZIE, 2o
BEZ B R CREBEICH 200l 7)) b — N TiT o
726 L, ZLTC, INHDAAIE [KIK] &FkTldk
, B bs iy 2y - Z V=T Th - W hEN

N

3. AHREEALHK

fAwEAD [79 M) —] Th oML S Nz 58l
HHOUTHM AR TH Y, HorETh, FLATVL
SN TH S L31UL, 155 OB 2712
KAOMRE BT 2L o701k, [79 M) —]
OIE»S b7 b b0, HLOMFITHFEL T
BWELEBREDDOZIETHY, TNHDE LIidHE
fiiih 7 EDFMIRThH o7zl

K 2AVRL T2 2 EDi—, BREINASGRRAOR
W r=vr7 M) oM (75 v=7 )
AT, FEHL & EBRE O OFEEATREEIIZILRT 5
EwH 2k, BT WI—a v SIlBWTE, A
BEHMICL L THHEOZAPHE SO RATWS S
E,EEIC, Ha—ua vy BV TR, Ao BEIRIPE
HHELLIEL, Fhidlia —ua vy 3o OB E)E 2L

o
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AR NAT S ) — b

K2 F#-UFI7 8 (A 775072 8 (B) OFEM# (1 : B, 2 : B OF#E (Djindjian et al.1999)

Wzl w)ZeThy Y, HFUIL, F—-UFTT M
POUGE 2 EME (RICHEMR) o [7) b —] 28
Oz 2 BBEOBENE, ~7F =7y ickbe, K
Ve A Sk —a v XETET L LIRS
e Thb, Hih, A HMANEIIRR TR
LTWidn) ZENTE L,
BAMEAMEDOIED-OI2IE, ROFEEVPER S
NBLENHL LI F—L, EMEORELZ
DWMEDOMETH 5o HAHDOEMEZ, - 220
fii « R L) Z0DGMEICIX ST H T EHNUEETD
D, ThiE, BIEROFRIZHA LTS A O
— I HAE - B - RSB ICHE S s 2 E
MBTE% (Liolios 2006)s H4HMICHET 2 EWICIRAET
B E AT, AT IIRATIE SN D T A o s
BEZ, EEEEOHTIC LEAE L 7 WG A%yt BV A
T, FAROE—ZAD [a—X - FAXF T =]
&, EBRICT Y ERADELT S REEILETREA LS O
ThoT, ZOXH)LEYWOER LW T, &
¥, BERLZZVIOTHY Y, LY BEIIH S
ELTRBAZIN TV, Borid, FEOMBDOH Y
TZBCT, BAROHPILNPIHMETH L EVH T
ETHb, YADMOML AN LIUE, B xR B
, VI EYM T2 &R, Hige /v
FRwR AN A LR/ aFXF )L LTHRALTITbh b
L (Gvozdover 1995), Z®IIHN, #MEZKIZET S,
WEED, BEMZb, ) EBETS, B REDE
EHDHY, INSIIHNA - IS4 7 W s

R EBE-EHELEPHAONDEDOTH L, BRI,
HREORFEL W) S THh D, T, QEMAES
OHME, @F0K - FiEThh, OFhEEHT 72
DOFAMTH %o FHEHEROBHEIZOWTW 21T,
Peflidh 7 EAWANYTH B0 HHiSIIN 4 OB BN 24
15, HERCTHEELOHHLIZLDTH-T, TDLH
b ONERINLOE, EHOLIO [H] 207
EEIENRBRENTVWEOTHY), EBETHE I
5, DENIBLALORNEETE, LEICHETES
MBI CERE L IRANICR L 2D0TH S, Bz
X, HEENZBESS BN ED O EDD - [
EHENBEHGH—T2L 23Ry Y —0k %
CEIRIFAGRROAHTIIEZ ONLWEAS ), I
o, MBI oMETH 2, ks [BRX] A7RE)
M7 BIRICH 5 AHICILL T, BARE, 38R ED
L) ICHBENICELIN TV 20Xl TH Y, 0k
e MR BEENTH 5. At BARO»»HH
HIE, WHOBRIIMIIE S N TS, BlZIE,
BRI BAREEANTZOOBETHY, [BADD
DEE| THBH, O L) ITAMIEAHEITS LT
B, CRIRERCH B LT, fgo [HIR] A
AN o TTRN R LD THLDIFHALI L
Thb9)o bt DO LRSS T HHI% - Wik
ElE, R=AF v v T SN 5 FKHEHE A (domestic
tool) THHDIZK L, BAGHO R DOEIERRELE %
CIEIAFHUHE R (hunting tool) & L THHHHE THIA =
NHLOTHLEV) T LHENDLDIFITIFVRZR W,

o
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BLOFE, [50)] OMETH L. Efimo O ED
Tha [EiY] OV—XIROBFIZE SN 55 5LI,
R ORFER % S Lzl (R y) E# X -
TH7263N5d5DTHY (Cemenon 1957), 0% &
WO IZZENT TORGOEERRIIZIFZEAER N E
NolebDTHL, £72, ROMFMEIE, ZIITHRA DA
ZMTIEEARTGTHY, rr@lden)leid, #l
ZITEPLIRITZ L) BELSEENTIIAATEL 2 2V
bDOTHb, HEAORIE, UMM RAEEEE V) ZET
Hbo PIZIFTZIIL, B LITLIEA SN B
MR ZMAAL TN LR ST ninw) 2
EThHb, IV 2547 YICHBET AV 4 —F X
EmEND [RAVG] CALNE X I, BARICA
SNDEMIRRPIIRBITHOVLEOTH Y, »b
R a2, BAREEZIRENLZZ55DT
H5bo

4. AMEBFROHE—I—Ov /D
ARRRLD S

-0y BT REDAMIIIED S B THE—IC
EHINZWE, 77V ALOREBICHZET A4
TOVZ)TH|IHICHLET LA YT 4T (Arene
Candide) #&PF& NV Y - @ v ¥ (Balzi Rossi) 38 B
DTIT2TAT Y A YFTAM) —OAMERICH
T5A7) 27505 TH S (Negrino and Starnini
2003) 51, 2D OMBRAH T OB O 3
FEBRED o TWAZ L EHLMIL TS, HHAIT
&, Ay TEW L AL L VOTRE (rhyolithe), i
REO Y + — 7 V— X okEnE L7~
I (silex bédoulien et oligocéne), HETX, V7V 7
7 OFRBEE (jaspe rouge), FAH—FHIHD [A
A =17 -1 v (silex (Scaglia Rossa)) & FiXh
57 Y FHRYFEIPICEPRL TR ) 2L, Zh
i, FEEICEEIE, 300km 2 HZTRBE LTV L
X% %, LaL, BEIZZNITIE 52w, 2w Dld,
A5 THEZ» SEICPTTES 7= VIR % B
RIHBTHHEI) THHOEE, TVTART S
Ly y—==lllo7 9 ¥} (silex alpin) 7% &DAHAHE]

LT ThHb, 72, MELMITIET 245
BIFCBWT, RF ROV Y Y MR ENTVS D
EDEYTE R, U, MO, KREILE
ERRL TV EERIZELTVEES I,

CIHhobrsdl i, WHEREOHREOTTT T4
7 B oA OMICIE, ST 300km %8R 5
IO hiEs FLTTR=VIIRABL, 7TUVTA%H
X, 7R TS LTV AL ORI LT
Wiebkwy 2k, T, phLAaMoOREEEET S
BT, RTROEAMMOBAN — FBFEL Tz n
AL TH b

HWHENRICASDNS, 20X ) REEHEOFREZ,
AN OBEEESEE ), "M AT AL VDbNLSI
MATEEFEIAREN, ALO¥MASEZ Y, Fhns
JET1E 5T, BEAN L OBz, Mg RS
n, EREINTWL &) (Féblot-Augustins 1999)
MDOANPBELZAZLIITELVOTIE VLM
9o FHiOAEPSEHEONLDWE, [TV M) —]
DN 2 > TV daRe AN O RS, RSk
F¢ (hierarchy) fb&N7z4y P T =27 IZHEL TS
(Gamble 1999) &\ ) BAHTIZ W25 9
BOEHTREMZRIE, PRI —a v ROHEpITH
bo MFHIT OB, 5 VIFHREN L AL (felstic
quartz prophyry) 25, 3 —a v s hifeg — o v o8 (E
I 4 TUE) TRASATVS (Thoid, Bkl
T 360 ~ 340km TH 5 )0 Z DIHIH O W B E L
TVRLODNYHY) —DF 7 — (Vah) EAITH 5B
Thb, ZOBRBTERIND A (radiolarite)
BZORWEOWHIFDOEIFTHERAINTVE EW) T
L, 2F), TNHOWMIEAENYH Y —D@EME &
ALHTDOMRE D > T2 EidEEVwE ARV, —
Ji, AAWAR—=F  FOFaal— Muzk L7250 7
)~ + (Swieciechow) HET T4 7T THREEINTVDS
A, B a7 R LA LA EHINTYD
(M #3812 13 360km D HiEEA H %) LT, RI3Y
CNSOMPITH Y 7 — (Vah) FEAFE D BB A5HE
AENTVEDTH b, ZIhbbib I Eid, 300km
VLB - R & A e & A RIS, STy —
(Vah) BEROBBETRELTWD LW HRTH

o
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AMBERBIEICNA TS — b

% (Féblot-Augustins 1999)s COZENBLEZ LT &
&, B2, AMAY300km BEN 2o HUISABEI TS 2 &
Bholzlw) Tk, 212, 29 LEEROTRICH
5D OIFAETH ), L72h o TH=IZ, #ELRE
7o o oM HISIE LT LS ERN 2B/ E R Lo
TRAEVWSLWZEY, oFh, Akw) i, B
W) I AS, C &) kb2 A L TR KA, £
BALC, CEBEVIHBDOLES>TVEDTH-T,
ALBAPEFENICEHRLZOTREZVEV) ZETH
5, bLHZOZLREOOLNS EFIUE, FH km 12
bRSITRE ARRRANE S L7z & v ) Iz X
9L EWEICRE7259, RUWHZRE L0
&, THRIE] CidaMegmEThdy, [THKE] Tk
FAGPEEL DO TH o7z, BIHIIBWTIE k]
PRATELTWE I ERHALNE T2,

BT, BREAICET 2R oMEE RN Lzv, Ly
TN =B =D REANED A A =T Thb LT
iE (Renfrew 1966), O« W - V=7 A W8 F T 1l
MROBBEAGWFED A =T Th 5. B & #HEFA 5
W B A & BALEIS AT L, IR AR
R & H I bz 2 FlEE, OANIRF T~
1 (A7 7 X7 OER), @QANIFT ¥ 2a NI
V=), @ANNSFT Y20 NIAY =) DEDODHT
TY—ZHEL A=) =Xy 2SI VT T
2a, 797 =274 T yMEPHBIERIZIZI NV SFT ¥
1, ZLTHABBRIIEINAFT > 22k 2b BFN
ZHAIHEND & LTz A=Y F 27 VI, B
A L7203 E OB ALE T 2 B0 AT, B
WA OAM KI5 2841210 ~ 20% TH B, 7
TT2TATYHNCESL L, 3EALORGHERAT
BESND L) ko7 ok d, BREADIEH
R ENZ200%, HAFIES N, HIERIFER S
N7 AR TH ), BIEARES AN AGORED
MEE SNz E2A05 FhaGRROBIICRS &,
AAS [hidg] L7con, BEAIC»DboTT7Y ¥ b3
HLAWOLND LI o7z F/2, HIWRFTEHR
W, &oVidHEO BEEAAFERHICHH S E 2 &
Ehroizbw) 272, Fratiof ) 7o —
Z VAR (Grotta Tartaruga) XHIFLT, 2 Z T3,

HVRFT 1 EHHEOBBASIEFA L TwzE v
5,

WoFrmE LoD L, H—I12, BRAOS - il
FPIEARC, BERORL 2 S O FRFCHH S5 2
L mrolzbw) 2k, FI, BEADOAFITIZH
B EHEBRWNO SO KRS o722 8, HZIT, %<
DBIASTN DOFEIRIAFTE L TV B DT, WA T
BLhol- MO L L, HUIC, HRFETY v
PEREU LD BRRREE b oo AMOEM L SINTE
D, WHEIRHALD)BEBRCH 722k, B, [
fr B ) 12id, @ 25km, @ 85km, 250 ~ 350km &
HY, BEA>AMHEEISE O 5E G, O2580%,
@055~ 10% TdH > 72 (Thorps et al. 1984)

EREBHBLTVWZAI L, AMELTOT7Y) VM E
BIEADS, A YA N) —ofp TRz L7z HIE
WoTWBHEWNW) ZETHhD, BIEAIEZTY ¥ MIko
THRHAENLZ LR TH - 72 L, #F & EH o Bk
7)Y POFBIIEHT 2D TH S, 72, MO
RBELZEEAPAIN TRV E W) Z &id, figshy
FRNDEER % T 252 0T QIR ?) & OBfR%
HMEFR LB 728 nwH Sk, F72, BB O L 72 B
ANEROSEVULZHEDDE V) T b, FOYH
PO AR EAL [T P = NIZH o
T2l WnH T ENTELESLH, LTAHT, hka—uy
2NIE, ANRFTITBT B X9 b EEBRE B R dh
THLOLIEIMKOZ L %D, FEEHMREICE S 55
WADHMONTWEA, TheT, 7Y oM
LNAHZLETHhb,

BEOFNE, BiECHD2Y) I 7 REORHIHA S
Ro@EWOGERF (Y - ¥ (Cappi-Kas), ¥AHY
F ¥ < 3ackaasiHaga >V, V) TH5 (Cremanayk 2006,
Ryzhov et al. 2005), #HWIBAZRRARONZEIEX, 7V 3
T BB TITBEIF DWW T 5 & v ) FiEd
HoTHhEVHEATHRVD, BIEETOL A, AM
PEHLC B L Tl IIEA SRR o2 & K& vt i
MInTwiw, ARl Ed, 79727107 YHiIC
BS 577y Y ULEBOBMIHA SR A,
WA GRREROAM ER U O E il Tz i v
ZridERTES Y,

o
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JVITHERBIIBWTIE, £12, AMER S B
DO OEFEEE, 1FEALEOEESkm INICBE T D,
10km ## 2 2 DEL LAKINHTHL L) T &, L
7ehio T, D B WIidE RO A L & O BRI
FEAERLBNZWEW)ZETHY, HFIZ, GFH
DE =AML LTV LDT, LI L 72 KEILED
WG EBEREALTV/ZE W) T EATE S,

INETHALCERT T T 2747 Y HOMHH % %
We oL, B2, i (300km) OFFHEKRE I
PboTWons, WO #EEOFF, 2L T7) ¥
M FERICL7ZZA VA M) —2AT AR E -1 v
DO#EPBO—FWTHY (Thr [EFEER] LR LI
L&), —J, ANAFTHHORERZFRIC L
AYFAR)—, ZLT2 I I 7 EOEBICBVTIE
20km FiEOHIRED [ 7)) M) — 1 WA G E D
WEBLVH)ZEDVZDE (Thi [Pl LITs
ZrIZLE)). L, T TALNLmEEEL 7
v AV Es ) CHi S 7w (30 ~ 80km) @
HIEZEPICERETLIIDOTHLEN) T L, HEZIC,
Z D X9 % yE FEE A G B ST U 72 Bk
WMOFIENH -7 n) 2T & THY, HMIZ, FMEHED
gL, 7)) I TERBORBIPSLZBMITIR L TWD &
I, LAMOUIREOEY FEIZREDbDT
Holcbn) T EThHb, HAGOEEHEID:5BE)
1, A OEEHEREENCETT 51300 TR, 20O
HED HERICR V. AMOERERESETNS ) 2T,
FRAGEOWEH R LIAZFIREho72b DL b
%o

F=F 7 VHOBERIIBIE AL L T B DD
RTH2B2, N—iZksE, MM YOF—1)F T
7 Y OA RN OFFRHINE, A & O BiR
LHW LT, BEZFkmAEIZAZ LTV EVT,
Z OFEPH 2 GBI L 5 O EE T, 100 A5 500
ANZEoTHEEINTWE L Ww), MUERE FMUSE

WER (F3) CLkoTETiENAMms1d, AdAXE
EMER MR E AT 5HEME SN D (Hahn 1977)0

&

b= 1111}
b1 |

777274 T VM, BCRENERBOT 01
Tk L7289 7% [7) M) —] 2R&PTH L) [BE
B ORI (release from proximity) | &9 Bl
E TV MY =] CHBLTL VI BERLHE
Thbo Higid, HEMIZEHZEDE WL ARMERZ
RANDPZ IR W—EHZEDERV—E V) BN
BEIEDLILTHY, T, K &SP T
KPR IR S ED L V) T L2 ERT 5 (Gamble
1999), $#F1E, FIZIE, AV F—IVEHEP L= - N
A=Y s #THALND LD LEEESLBTLZ L
ThY, Thid<iik (adiew) 75 H#E (au revoir)
~ > ( Gamble 1999) OZALE LTE 52X 5T LA5 g
Thbo WE)L TS AHRCAIF CHP—E%2 >
o 7oT—Z IEMEICEEE L C, 22XV HR-TL S
EVWIHHRIE, vay - =I5k bE, LBNER
E L ToAT (lieux dexpression symborique) 2%ilik
ShapZ b, BARMIZEE - 2 - BB 2ay - &
W WA Sl ko TRARVPERSINLEZETHL L
w9 (Leroi-Gourhan 1995), & Z THfig L7z 2 &1
ZD X %y Y RNVKIRIER S L2 EGR ORI LT H
NoECTRELE, [79 MY —] WIZREE L ToORk
AFx rTELERF Yy VTP SN Z EOBERENT
HHY. ZOoDF ¥y TRMERMA ] otk
VW) ZENRTELESH Y,

—J, T2 T4 T VMM I L TS E A
GOV, AMOWEIZLATS 21E0) TR, V¥
RV RE T Z B ZRZL2E ) DR
B, ZIUL, AU F—OVEBEOEIZEIZE S R D
BlzASND X912 (Anercces u Bamep 2000), JF&E
OMWADPHE L, #KT S L0 BERAEVIIBWTTH
b0 fimEME L 2 L) AW, AMOES LI
F o/ R il (BH) LR L TWwzb L,
Thig, 20 FAEHREELTTHY, Thic
M R L 72 &) RIBEEW 36130 7% < %
Vo FrARRICBVWTIE, Thbo B 2bbn
LNT=0W, 1EETHY, HTH Y, FkDB A (exotic)
LD ThHolzb ) T & (Tykot 1996) 2%, H 5w
BZEZIT R 500 Lk,

o
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AMBERBIEICNA TS — b

B
[F4FRaY—] ZRRILLIZF - KV FOAMEIC
B3 % 5 & (Bordes et Sonneville-Bordes 1954 7 &)
3D T,
7T v AW IEBOAMBITEOBEN DV T,
(Turq 2005) #ZMWoOZ &,

WD SRR

N[y xa—XFXRF bT— VI L TIE, kD Xk Julien

4)

5)

6)

1992) #ZfoZ &,

=2 )IBFWIcH b5 1 4+ L (Etiolles) #Hr (& <
I2U5 & P15) T, #L#&, WHiHE, #HEH3I >0
Hfr 7V —ZOHEEDFW S22 Eh T D (WLEET
7zt TH B E V) ), &I, P15 TiE, B A5
FLABPLED R L LTEshzEw
9 8% (Olive 1988) WXHFEHIR&ETH L, V7 b 1Y
R—EHHATRELIAEMZA TN N —%1ff
4% (Pigeot ed. ) 2004), H» D%, b
DICHAREZRLIr — A E TS (Bodu er al.
1990)c 2 L7Z#ERED LI BRI EDPELLZONE W
I &, THE] NSRBI [P —X - F R
FhT—= ] EEIHLEANESNDE DL DOBETH
o O [Yz—=R - FRFbT—=N] 11X, RELAN
EEETH-OTIE AL, [HEFE] 2HMWE LTHIFR S
NTVwLOTHY, brEwkcohg (B L dE
RN ER L AL TRETHHH. N—rbFT,
Tl FA4 v o+ — =% v 7 O O—EAT, R
Z (Tt OTFRCEoTwBEV) ZERERHLTVS
(Hahn 1987)

[H18] (support) &%, FEEMESE (débitage) 5k
5%, FARFRAEIDLWII/NAGH R EOABGIEND
TRELHEMHLELIRTOLO, ZRINTLEEsh
LMD H LB DT RTEZAZMETH 5,
[BTHEOM, NIFHEE -7 FBEY vl % @
LT, 5 3EMOLEN-S LT L 2 TR 540
BHICHE T, BEHIFHRZ B VERIS, BLIESH
TR, B xR o7 BiA, HEI OB, —D F ADE
F, AUNEPE, EoTwiRWAEEZMLTHET
HDOTHAH, 2F 0, WHIT T EHIREBRZ, 5
OV NEIRE, L, BRL, RWTHET 2
DTHbo DX LHHMERMEELIT) LI 1%k -o
72720, EADIZEZ TS, MR ) OZERMICZE
WTh, OLDEVRBILDOTHS, hdlE, ZHL7
A WA S AR HE L LTH &V Tn L, £
D X 9 TR PEAREM R & L CHRAE L T A HRIE R
WS, BHEFE LTENL ARSI LIITE S, Eikldig
DRLFESN, BRINZBRETERT S I L & R
CENDD, ZNTL, FHAHOMNEEE BT
5 EEATEETIE V.S E OMEBOEM E VI
Z, —RTBERFEELLTLE D &) BB AR T
5, BEEMICIEREERL Z2WHFEE VWS, —oDHMH R
4fK (une réalité complexe) ZHHTHHIE VI b
DTHb, EHLIMNETELDEIROZIETH D, £
D& ) BHEEIPIREINL KD, —HE oWk (une

7)

8)

9)

10)

11)

12)

13)

14)

o

séquence narrative) DFERZ Lo TVWHEWVWH) I T
Hbo IFHAE BEEEFES] ZOONTHY, #Y
BEL TV, YR TIRVEiE (2 VIdHEE
LABWHE) oril, BRE—ELEREZHAL S
Wz b o7 N72572] (Ginzburg 1986, 2010), F
AT E D &, F#E e, BHO L2 THRE LA
Bex 25— % % [HERIIIRBETE 2V LD ORE
WZRBFE]L $bb [—H&E oWkl (28 THEK
FTHIEDTELBBREL VI LI D, BEWw) ¥
BIED LA SBNITIR LTS E Vw5725 9,
MEH S BT B O FLEIZ DOV T, ke v
T EFETHR S N2 (Soffer eral. 1989) @ X 9 =W
AEDS R &) BESRI ST b (Audouze 2006)
HHOBEHEEAE < (B X% 100knii ) o3 L
FfimOZFNAEY CFH LT 200kmiZ L, BISTI
» %03 B0kmB By L7zFIA K oND) ia—a vy (H
WAL 2R L, 300kmZ ik 2 CTRE)TL I ENBLL 4
WAMOBEHIPE & i OZFNEPELR )G HIT —
a8 ORI ofMozR e, BARMN 2% ESHPEO
MEEE WD &, MWW ST, FHIWICRBI 2 28)
FHYVBETTVEAR N FAA B EOKAEE B S TV
2RI =1y RO E 2 ) TrWHERIOE G (Féblot-
Augustins 1999) 7%, KELERE R ->TW5 I LIk
TR,

G H £ TR BT R 2 [ & 0 B
—ZNCE b LI WiRh LoBRA—7RF, FRAhok
A THEGEINIHENCH#EIN T 2 2 EFIFE A EATRET
Hbo FHARODE—ZAD [V 2 =X - FARF PT—)V]
BT BHIGFOERY, Y TEROL—F 1 ) T+
(IOnuHoBO) MMFTHEEIN TV L, TOWRNYME —F
TWVZIE, KA X o THRIRICKIE L 7245 o £
BRI L o TF 2 AR - FIZEHZXFTFL, Z22Hh
LHEMRObOZE ) ML, HICEoTHEILL, WHHE
L, KEOVY—XZ—BICEETLEVIBDOTH D
(I'puropsiBa 2002) o

RYF Y MIAMENZHPOEIOVTVRIE, £
FLAEDIBEFY A THY, /2, HOLITLFY
ADOREPELEWICFH SN T B LI FHiL, AL
OB R EERPEEINTVD 2 L Z2HNST L,
ENSHDO - JEDY—ThH 5 L) BRIFE TS
W HEPEATE V.
COFEAIE, F0LIAF =) F T T YoMk ET
WENTWiRWwWOT, 29) LRI =274 7~
WCRE L) 203 T& % (Dobosi 2009) .
NZH) =BT, Wil Y =7 0 = T,
O — A Vi AR LTH 5720, T - I T
TAT VAL LER oM EHHT2 L) %%
TV 722546 A3 % v (Dobosi 2009) 6
FABERICBWTY, AV FT7TORMBEBO L
i, OB TIZ L A LRI TR (Tykot
1996) o

75 v X M xE REICDZ> TRIEL TS, A-
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Y A= 4 v FROPORIZE B,

15) BEHOEME R EBONRX—ZAF ¥ v Ik oniz b
WA Z LI, AU F YT U ETEDDITH IR
Hbo N— IZEBE, BHHNIE, WEW UMNE?)
EEE W) REEESSH D, BiEDIFEA LT ERT
XTCELHTH Y, A (Vogelherd, Hohlenstein-Stadel
DR BEHTHoEW), BHRFRI LI
B#L-oT, WENMEEr/2EwI T2, K
S NzBWEAR, ZhckoL pay) —FHE, S X
HWEn s EEOEMENEIZE, 1 A (Langmannersdorf,
Fosse, Ceahlan-Dirtn #&#5) %5 27 A (Muralovka i& )
LlFED-TBY, [EFEHCIE, —22 DDA
L Cw7 (Hahn 1977),

16) B b F VAT TR SN/za 7 (Coa) HEBDEEIC
sl s 7-RE 8, HEoKEHPOLERTE L2380
AD EMFEICAZE LT 7279 ) —dH]] (territorial
marks) Tl 72V & &l S LT % (Zihao 2003) . 7 6.
D% BRILREDOWFEIM I 72130 ) TH % (Bahn
2001)
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Notes on the studies of lithic raw material sources: a case of
European Upper Paleolithic

Masayoshi Yamada

Abstract
This paper discusses some methodological issues on the physico-chemical analysis of the geologic source of
lithic artifacts, setting into the archaeological studies. Main discussing points are 1) on the controversial points of
typological analysis of lithic tools, 2) necessary research of whole industry consisting lithic tools and bone artifacts,
etc., as viewed from so-called chaine opératoire, and 3) critical importance of researches between the “territory” of
hunter-gatherers and the source provenance of lithic raw materials.

Keywords: sources of lithic raw materials, “chaine opératoire,” “territory,” bone ornament
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Archaeobotanical investigations of charred plant remains and
seed impressions on pottery using the replication method from
the Mekiri site, Okaya, Nagano Prefecture, central Japan

Susumu Aida, Michihiko Nakazawa , Hiroo Nasu,
Yuka Sasaki, Takefumi Yamada, Hajime Koshiishi

Abstract

We identified charred seeds and fruits from four pit-house remains, and the six seeds and fruit impressions on a
pottery found by the replication method from the Mekiri site, Okaya, Nagano Prefecture, central Japan.

From the four pit-houses remain, along with 454 stones of Juglans mandshurica Maxim. var. sieboldiana (Maxim.)
Makino, 50 cotyledons of Castanea crenata Siebold & Zucc., and 461 pericarp of unknown nuts, 49 seeds of Vigna
subgen. Ceratotropis as large as wild ones and two seeds similar to Glycine max (L.) Merr. subsp. soja (Siebold et
Zucc.) H. Ohashi, 14 seeds of Leguminosae were recovered. This find showed that wild legumes were used together
with nuts of Juglans mandshurica and Castanea crenata.

The six seed impressions on a pottery did not show enough details probably due to effect of the binder applied
to the pottery surface, but could be identified as one legume seed and five Vigna angularis var. angularis type seeds.

By comparing charred Vigna subgen. Angularis seeds and seed impression from the same site, we discussed
size difference between charred seeds and seed impressions, change in shape through preservation processes, and
possibility of artificial treatment of seed impressions.

Keywords: charred seeds and fruits, seed and fruit impressions, replication method, Vigna subgen. Angularis, Glycine,

domestication
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TETVLDT, HENICTOHMENDLLEN D L7
590 Lo T T TIRABGEEE W HFEOMHBIO
MM THS ) MIZTERTICEEDTEE W,

Re

1-2 EFHEFMNAT

WSO HFER AT 204, FREFN R
BHTUIFEL L VI IZEHMTIEZ VY, LIFLIZH%Z
WS BWHELL WV, LaL, ABGRED —Ino#Hel %
ERRTBLILBMEVTIERWES S, B, AH
FEIZIEEE D anthropography & X d % 2 & ASHifE TH
%o

GHEBIMEDLN TN HFEFEEZ L L —HZTH
FERUTDOLITH A,
< /NRFES (RAEACER) WRFEAL LA TR L4 5 It 1980

4o

anthropography n. R NS NEHOHKG (b
B A, ANEEWRYER AR 5) o ABGEE

S F 0, AHFEIXPEEE D anthropography & Xt 3
%, Tl anthropography 2SN DIz DIE VDD,
OED. IZI3ZMMAS 1570 & H h, WILploEIRE, £
DHEDOHBIAIREN TV S,

- The Oxford English Dictionary, Vol.l Oxford, at the

clarendon Press 1933.

Anthropography

1. A description of all the parts of the human body.
Obs.

1570 DEE Math. Pref. 33. Anthropographie, is
the description of the Number, Measure, Waight,
Figure, Situation, and colour of every diverse
things, conteyned in the perfect body of Man.

1839 Hopper Med. Dict., Anthropography...... a
description of the structure of man.

2. The branch of anthropology which treats of the
geographical distribution of the races of mankind,
and their local variations; ethnography.

1834 Penny Cycl. II. 97
A series of anthropographie, of different epochs,
would form the true basis of ethnography.

PLEo X 912, Anthropography B&IX, 1. i2H 5
MNMEICB S 558 & L TOFORERT 16 LD &A1
MDHTHNT=DS, 2. 12D & HI1219 il 30 4412
I3 ethnography @ XL 2§ TibN TWn5E, L
2L, OED.933 M Tld Eid 1 Ok Obs. & 5
IS, AMER ANEOREEIZHET A2 ERIEP LD T
DEFETIIBERL o TWH I LD S,

20 HALDOMD OFEETIZE D
- Funk & Wagnalls New Standard Dictionary of the

English Language upon Original Plans. Funk &

Wagnalls Company, New York and London, 1914. T

i,

1. The branch of anthropology proper that treats
of the geographic distribution, variations, and
peculiarities of the human race or its component
parts; descriptive anthropology.

2. A description of the physical structure of man.
LoD EHIT, BEANEANLZERIIHREBL TV S,

- ;f%12, Webster's Third New International Diction-

ary of the English Language Unabridged, G. & C. Mer-

rian Company, Publishers, Springfield, Massachusetts,

U.S. A, 1963. TiZ,

Anthropography

A branch of anthropology dealing with the

distribution of the human race in its different divisions

o
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Integration of research results and the conceptual frameworks
of prehistoric anthropography

Akira Ono

Abstract

The term “anthropography” was discussed compared with “ethnoarchaeology” as well as with the bibliographical
chronology of a word anthropography, concerning our ongoing project title; Historical variation in interactions
between humans and natural resources: towards the construction of a prehistoric anthropography.” A difference
between anthropography and prehistoric anthropography is also clarified. As the reconstructed prehistoric world is
not a concrete ethnography, a neutral term anthropography will be more adequate when discusses the prehistoric
objects. Research results among collaborative projects with various disciplines including archeology and natural
sister disciplines sometimes face with integration issues. Reconstruction as a prehistoric “human history” should be
avoided when the various data have not well organized each other. It should be a feasible strategy integrating by
the term “prehistoric anthropography” when some parts have correlated well with each other between different
research disciplines among the total data set.

Keywords: prehistory, anthropography, ethnoarchaeology, related disciplines, analogy
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Lithic artifacts of Microblade industry from the Yadegawa site
and their provenances: the sixth analysis

Takashi Tsutsumi and Akihiko Mochizuki

Abstract
An analysis of 17 obsidian artifacts collected from the surface of the Yadegawa site, Nagano Prefecture was con-
ducted by the energy-dispersive X-ray fluorescence method. The specimens include microblade cores (n = 13), mi-
croblade core blanks (n = 2), a core surface rejuvenation flake of microblade core, and a flake. The results suggest
that geological sources of the analyzed obsidian were designated to the Suwa-Hoshigadai group (n = 6), Tateshina-

Tsumetayama group (n = 8), and Kozu-Onbasejima group (n =3).
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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:

1.V.K. Popov et al, Doklady Earth Sciences, vol.403, No.5,
2005. pp.803-807

2. ]J.C. Kim et al., Bulletin of the Indo-Pacific Prehistory Asso-
ciation 27, 2007, pp. 122-128

3. N. Cho and S. Choi; Provenance Study of Obsidians from
Gigok Paleolithic site in Donghae-si using Trace Ele-
ments, Hanguk Sanggosa Hakbo November,2010, pp.5-20

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 Palaeometal
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 Tkeya
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 / H#I[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 SIT 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 / ¥JHJX# (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 2 Tateshina
(WD) »
Wada
(Wo) Suwa
Tokyo @
. == _MtFuji
(=]
Mt.Hakone
Mt.Ashitaka AL Hakone

/4

lzu Peninsula

¥ Obsidian Sources
0] 50km
N —

2D Kouzulsie

Fig.1 Location map of obsidian sources in Chubu
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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

Q. Fuyooraito WDHY
&0 Takayama WDTY
Kobukazawa WDKB

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

Furutouge WDHT

Takamatsuzawa WOTM

( Wada(WO) |Budoozawa WOBD
ﬂ 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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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
. 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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