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Fig. 1 Location map of the study area. 1: Distribution of Paleogene to middle Miocene volcanic rocks in Far
East Asia. 2: Locality of obsidian sources in southern Primorye region. Samples are collected from

the Illistaya River source group.

The obsidian investigated in this paper was found on
the Shkotovo and Shufan Plateaus (Fig. 1). These are
basaltic plateaus distributed throughout the southern
part of the Shikhote-Alin, which contains Early Pliocene
to Eocene volcanic rocks widely spread over the eastern
Eurasian Continent and Sakhalin Island.

Igneous rocks are distinguishable using their chemical
compositions. For example, the subalkaline volcanic rocks
are classified into basalt (45-52 wt%), basaltic andesite
(52-57 wt%), andesite (57-63 wt%), dacite (63-70 wt%) and
rhyolite (>70 wt%) on the basis of the SiO, content (Le
Bas et al. 1991).

The obsidians used as lithic raw material in prehis-
tory generally have rhyolite compositions. This is because
the obsidian will be enriched in phenocrysts and become
brittle with decreasing the SiO, content. Such the obsid-
ian is unknappable, and difficult to make the sharp edge,
which is not suited for the lithic raw material.

Contrary to this general character, the obsidian from
the Shkotovo Plateau had been widely used from the
Palaeolithic to the Bronze Age in the Primorye region
because of its glassy textured quality, despite an andes-
itic composition (Doelman et al. 2008).

This paper focuses on the following four points: 1)
observation of occurrences of Shkotovo obsidian, 2)
analysis of whole-rock chemical composition using wave-
length dispersive X-ray fluorescence spectrometry (WDX),
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and 3) outlining the basic data for sourcing obsidian
artifacts using the results of energy dispersive X-ray
fluorescence spectrometry (EDX), 4) comparing the
chemical composition of obsidian from the Akan area
(Japan) with that of the Shkotovo Plateau (Russia).

All analyzed obsidian was collected during the above-
mentioned research period, with the exception of one
sample which was collected by one of the present authors,
V. K. Popov, on another occasion. Based on our agreement
for joint scientific research, the obsidian used for analysis
had been officially brought by A. V. Grebennikov for the
international workshop entitled “Methodological issues
of obsidian studies and the standardization of geologic
obsidian”, which was held at the COLS on November 5
and 6, 2011. All samples are being stored in the COLS.

2. Occurrences of obsidian

The Shkotovo and Shufan basaltic Plateaus near Vlad-
ivostok were formed between 7-13 Ma, and they are
divided by the present Razdolnaya River (Chaschin et
al. 2007). The K-Ar ages of the obsidian-containing lava
suggest that it had formed ca. 13 Ma (Popov et al. 2009).
This implies that the obsidian occurred during large-scale
activities of lava plateau formations. According to Doel-
man et al. (2008), the lava flow in the Shkotovo Plateau
is distributed over 4,536 km? and that in the Shufan
Plateau over 3,082 km? These plateaus consist of basal-
tic to andesitic pillow lava and hyaloclastite or a thin lava
flow. The hyaloclastites and pillow lavas are overlapped
with massive and porous basaltic andesite lava flows of
different thicknesses (from 1 to 7 m). On the Shufan
Plateau, only a thin (<2cm) volcanic glass layer formed
in the quenching crusts of pillow lava. This obsidian,
therefore, has been evaluated as less suitable for the
manufacturing of flake tools. Mukai (2011) described the
obsidian of the Shufan Plateau and the Obryvisty obsid-
ian in the southern tip of the Shkotovo Plateau near
Vladivostok as unsuitable for making stone tools because
of the low quality of its small-sized and high concentra-
tion of phenocrysts.

Glassy textured, fine quality obsidian with poor phe-
nocrystic and conchoidal fractures is distributed through-
out the upper region of the Ilistaya River, running
southeast to northwest, located in the northern part of
the Shkotovo Plateau. This region is referred to as the
Ilistaya River obsidian source group in this paper.

Several outcrops of pillow lava and lava flow of about
20 m in thickness altogether are present in this region
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Fig. 2 Occurrence of obsidian from Ilistaya River source group and shape of obsidian from Akan area. 1: An outcrop of mafic obsid-
ian at Ilistaya River source. 2: Obsidian formed around pillow lava. 3: Obsidian constituting the center of a pillow. 4: Obsidian
gravel of Ivanovsky River. 5: Subaerial lava with a ropy structure. Obsidian is formed on the surface of lava flow. 6: Obsidian
of Akan area.

(Fig. 2.1). Obsidian was generated in the quench zone of R, FOFEHIEETAINATOUZ T AY L MR L,
pillow lava rind (Fig. 2.2) and hyaloclastite that vitrified AL SN EIC BB SER SAT WD, —EBDFEEE
in the lower part of the pillow lava. In some of the out- Sl MR ORI E TR L7 b o> (Fig, 23)
part of the pillow (Fig. 2.3), and the ropy structure that R, B EICHER L 722 — MRS S ORI 025 RIR A 1L
formed the surface part of the thin lava flow has also LTWwWb30LH0, 78K 4 KA BEICE SN L HIRE

crops, obsidian has formed even in the extreme central



WRT YT, vaa— Y RilERRA O E AR

Fig. 3 Photomicrograph showing the Ilistaya River source group (1-3) and the Akan source (4). 1: Black color obsidian. Its volcanic
glass is colorless. 2: The transition area from a glassy to a lithicly zone of black obsidian includes more microlite and spheru-
lite. 3: Grayish-blue color obsidian. Its volcanic glass indicates a brown color. 4: A eutaxitic texture.

distributed (Fig. 2.5). These surface structures are quite
rare for rhyolitic lava. Although a glassy component is
frequently formed in the quench part of basaltic and
andesitic lava, it is an unusual phenomenon to have a
very low content of phenocrysts and to be vitrified even
in the central part of the pillow, with the thickness of
the glassy parts sometimes exceeding 10 to 30 cm.

As for the coloration, black obsidian is abundant, but
gray or blue-gray obsidian occurs only rarely in the
Ilistaya River source group (Fig. 2.4). When observing a
thin section under a polarizing microscope (Fig. 3), the
groundmass consists of completely homogeneous volca-
nic glass in the glassy part, and the ratio of microlite to
spherulite increases in the transition area to a lithicly
part. Blue and blue-gray obsidian have brownish volcanic
glass under a microscope compared with black obsidian.

HEEALZTEEFE LTI RBAZEDHELELTVD
(Fig. 25). 20 X9 KEERBIZFHEINEICZ LW ithls
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OO, FITHGHDEL, T T AEEHSA5~10em, HE
12 & o TE 30cm KOMIRGEE D HLERE TH F 2L L
TVbHDEFHBDTE L.

mIlconTiE, BROD0L, KEH»SFKLERE
FTAHREBENEZELWEHO L 02RO 5N 5 (Fig 24). &
R oBlgE (Fig. 3) T, AXEEHE R KILT T A0
LV, KEREEICERT 0TI 0E AR5k
WoOBEN% L %5 ERT. T2, KR FIKOE
RYTDHDITONTIE, BELZDOIZHN, ST TIdKL
HIADPELTH B L) MDD 5.
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3. Andesitic obsidian in Japan

Andesitic volcanic glass is found in the lava quench
zone, and the chilled margins of dikes or pyroclastics
have a largely phenocrystic and heterogeneous texture,
and are frequently too small. Because of this, andesitic
volcanic glass is not adequate for use in flaking stone
tool production. Therefore, the obsidian in the Shkotovo
Plateau is exceptional. However, andesitic obsidian of a
quality good enough for making knapped stone tools is
also available in the Japanese islands.

Post-caldera volcanoes have been formed to the south
of the Akan caldera in eastern Hokkaido. Cobbles of
glassy welded tuff (10-15 cm in diameter) are distributed
from a volcanic fan formation in the north and at the
eastern foot of the Furebetsu Volcano, which is one of
the post-caldera volcanoes. The glassy cobbles have a
lot of phenocrysts and a heterogeneous texture. It is
highly probable that they have distributed over Tsuruoka
in the Kushiro area near the Akan Lake, which has al-
ready been described by Mukai (2009). In rare cases,
some of the cobbles have the characteristic features of
low phenocrysts density and formation of glassy conchoi-
dal fractures (Fig. 2.6). These coincide well with rhyo-
litic obsidian fracture characteristics. The Akan obsidian,
therefore, has the eutaxitic and heterogeneous texture
of volcanic glass when a thin section is viewed under a
polarizing microscope (Fig. 3). These contextual phenom-
ena can be evaluated as glassy welded tuff.

These obsidian resources may have been supplied
from the nearby Furebetsu Volcano, the Akan caldera
or the Kuccharo caldera. However, an estimation of the
geologic resources in this obsidian is not yet clear because
of their secondary re-deposited materials.

4. Quantitative analysis

Quantitative analysis involves the use of a wavelength
dispersive X-ray fluorescence spectrometer (Rigaku,
RIX1000) at the COLS. The major elements analyzed
were Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K and P, and the
trace elements were Rb, Sr, Y, Zr, Ba, Cr, Ni, V and Zn.
Analytic values were calculated by the calibration-curve
method. The details of standard samples and calibration-
curve accuracy are based on Nagai et al. (2008). The 10
major elements were shown by wt%, the trace elements
by ppm, and total iron could be converted to total FeO
(i.e. FeO®). The analyzed samples include 1) four samples
(N1-3, N7) from the outcrops, 2) five samples collected
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iz W eR I EE S S, Ti, Al, Fe, Mn, Mg,
Ca, Na, K, P& Rb, Sr, Y, Zr, Ba, Cr, Nij,
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Table. 1 Contents of major oxides (wt%) and trace elements (ppm) using WDX from the Ilistaya River source group and Akan source.

FeO*=09Fe,0,+FeO.

Locality Ihs:izya Ihsizya Tlistaya-4 Ilistaya-3 Ilistaya-3 Ilistaya-3 Ilistaya-1 I:E;l]? I:E;(g' Tlistaya-2 AL};?;; ALI;EE;
Sample No. N1 N2 N3 N4a N4b N4c N5 Né6a N6b N7 HD09072 HD090T2
9-4-1 9-4-3
Occurrence las:lal(l((:)c‘)ze) 1;1;5;;) hyilic::(;las gravel gravel gravel lava gravel gravel Sul;;j;lal gravel gravel
Color black black black black black  blue gray black black  blue gray blue gray black black
Major elements wt%
Si02 56.20 56.04 55.22 56.84 56.74 56.15 56.63 56.07 56.62 56.71 60.27 60.97
TiOz 1.35 1.46 1.45 1.37 1.36 1.37 1.61 1.36 1.37 1.41 1.46 1.42
Al203 15.03 15.09 14.83 15.21 15.12 14.93 15.01 15.09 15.15 15.17 14.85 14.90
FeO* 9.84 10.34 10.25 9.93 9.81 10.10 9.75 10.07 10.14 10.11 7.61 7.41
MnO 0.15 0.15 0.15 0.14 0.14 0.14 0.14 0.15 0.14 0.14 0.20 0.20
MgO 5.61 5.96 5.94 5.67 5.61 5.65 5.60 5.78 5.71 5.66 2.27 2.19
Ca0O 7.45 7.75 7.70 7.48 7.46 7.47 7.39 7.60 7.52 7.43 5.96 5.76
Na20 3.14 2.90 2.84 3.06 3.12 3.13 3.16 3.06 3.07 3.15 3.37 3.23
Kz0 0.48 0.68 0.69 0.48 0.47 0.47 0.51 0.55 0.47 0.45 1.52 1.87
P20s 0.17 0.21 0.21 0.17 0.16 0.17 0.21 0.18 0.17 0.17 0.55 0.53
Total 99.42 100.56 99.25 100.33 99.99 99.57 100.02 99.90 100.36 100.40 98.08 98.47
Trace elements ppm
Rb 9 9 11 6 6 6 4 8 6 5 39 40
Sr 292 329 332 288 290 293 347 299 290 300 339 338
Y 27 25 24 26 25 24 27 27 27 27 38 42
Zr 77 91 92 76 75 76 93 78 77 76 118 122
Ba 145 203 204 152 140 143 170 167 145 139 392 401
Cr 192 225 187 198 204 198 196 223 192 223 37 27
Ni 108 132 130 106 106 110 102 115 107 111 9 9
\'% 142 151 152 149 141 143 157 144 150 143 76 76
Zn 102 98 102 102 100 101 104 101 103 103 95 98

from river gravel around an outcrop in the Ilistaya
River source group, 3) one sample from outcrop (N5),
and 4) two samples from gravel around the Akan Lake
(HD090724-4).

The analyzed results are shown in Table 1, which also
shows SiO, variation diagrams (Fig. 4) plotting the
chemical composition of obsidian from the Shkotovo
Plateau and the Akan area. In addition, obsidian sources
in Hokkaido and Tohoku district, obtained by Kannari
et al. (2010) are also plotted. Based on these results, ob-
sidian from the Shkotovo Plateau has a basaltic andesite
composition (SiO,= 55.6-56.7 wt%), and is categorized as
Low-K series by Gill (1981). Although the obsidian col-
lection points, occurrences, and colorations are different,
the chemical compositions of the samples in the Shko-
tovo Plateau are similar. The analysis resulted in nearly
the same outcome as preceding studies using an electron
probe micro-analyzer (EPMA) by Popov et al. (2009) and
Wada et al. (2011). These results suggest that a homo-
geneous magma is involved in the generation of obsidian.
Variations in color, one of the characteristics of obsidian
from the Shkotovo Plateau, have resulted from different
factors. For instance, Popov et al. (2009) indicated that
volcanic glasses appearing to be black or another color,
such as blue-gray or gray, have different microscopic
inner textures when examined under a SEM.

O BRI 7230k 4 05 (N1-3, N7) &, JEHEOMHR
BoRE5 2 (N4, N6), FABUE LD BEERNL 725
AL (ND) W2z, BRI s54id 5 BIRAERA
2 1 (HD090729-4) TH 5.

SiO: ZALIA E (Fig. 4) (4B OGAFER Iz, ALiE
B RAIC B B ER R BEAOSHRR (S
2010) 7wy L7 Yaa—bYrRbEREAHO
Si02 13 55.6~56.7wt% & 1wt% Hi 2 DR FH, LA
BRWAOMBZ7RT. Gill (1981) 12X % X5 TIdEA
VY LARINCET B, ENENG TR %2 5 |
PFEIRRPEFIIN) =2 3 VICEATWAHO®, SiO:
ZALK ETid BB L h—0MHEEIc 7Ty FERTEY,
KE LB DOENTED Sy, Popov et al. (2009)
£ Wadaetal (2011) TIREFTu—7~<4207F5
A ¥ — (EPMA) %AW KILH T 2O TR GRE ST

FERBLTBY, ThH50F—F LU THRELE
WiTZRw., IRSORE,SIE, BELGOARICES L

e 7=RIEFE—THY, vaa— 7+ BlbEREAO
FHO—2>THLUHDONY) 2= 3 Y OERFIZIE, F
DENPHFHEL TSI EEZ/RLTWS,. Popov et al.
(2009) (2B B EABEFHMEE (SEM) % v 7i-g&fs
FEPLTIX, BRODOICHN, FKkf, KOERETS

— 101 —
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Fig. 4 SiO, variation diagrams for obsidian of the Ilistaya River source group, the Akan source and representative samples of obsid-
ian in Hokkaido and Tohoku districts (Kannari et al. 2010). (a): Major oxides (b): Trace elements. Legend: 1: Ilistaya River
source group, 2: Akan source, and 3: Hokkaido district 4: Tohoku district. Classification of potassium content series after Gill
(1981).

The obsidian from the Shkotovo Plateau has a much b DO N MG T > TVD 2 AR ENT VD

more mafic composition than obsidian sources in Hok- N
SRE A (2010) Ty w5 - dbiEE o B
kaido and Tohoku districts (Kannari et al. 2010), which S ( ) THEER AL - deiiE

are lower in SiO,, Na,O, K,0, and Rb, and are rich in MEATAARL L IS 5 &, SHZZL <, Ti Fe, Mg, Cr, Ni,
TiO,, FeO* MgO, Cr, Ni and V. The Akan obsidians are VICER, WEMETHL. —7, WMIEHOREHIDONWT

characterized by more felsic composition (Si0,=60.3-61.0 1%, SiO2=60.3~61.0wt% fFLED L INEEHMKTH Y, ¥
wt.%) than obsidian from the Shkotovo Plateau. 23— N BHEDDL D LT 5 LR ThH S
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5. Qualitative analysis

It is common to need a non-destructive method for
analyzing archaeological stone tools or artifacts. The
analytic method is the qualitative (semi-quantitative)
method of direct X-ray irradiation on stone tools (Hi-
gashimura 1986; Mochizuki 1997). The analytic instrument
used at the COLS is an energy dispersive X-ray fluores-
cence spectrometer (JEOL, JSX-3100s). The analyzed
samples were the same ones from the quantitative
analysis. The measurement method is based on Kannari
et al. (2010). Analyzed line are all K, in which the major
elements analyzed were Si, Ti, Al, Fe, Mn, Mg, Ca, Na
and K, and the trace elements were Rb, Sr, Y and Zr.

5. EMAMA

EEA S L aee 2k, @, JEmEcolE
PEREND. 207280, fAwIHEEXHERET 2%
P CRER) SWafTbn s (R 1986; ¥ H 1997).
DA H 2o TE, BRAERFAREATEL Y ¥ —D %
W F — S HOE XA 28 (H A 78, JSX-3100s)
AL, EmAHIMHEH L 2H0E & [ U v T
TV 2 BT o7z @Ik OFEMIE 44 (2010)
WEEL W, @ eRE, B Ic#RIE S, Ti, Al Fe,
Mn, Mg, Ca, Na, K®OFt9cE, M=EIXHIERD, Sr,
Y, ZrOFH4TEOGRN3ILHRE L, TNHDKHOM
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Fig. 5 Discrimination diagrams of the Ilistaya River source group, the Akan source, and representative samples of obsidian sources

in Hokkaido and Tohoku districts (Kannari et. al. 2010).

Abbreviations: Ny, Nayoro; Ak, Akaishiyama; Ti, Tokachi-Ishizawa; Sn, Sanabuchi; Ik, Ikutahara; Ok, Oketo; To, Tokoroya-
ma; Ke, Kesyomappu; As, Asahikawa; Tk, Takikawa; Ks, Kamishihoro; Bi, Biman; Ai, Akaigawa; Ty, Toyoura; Kd, Kodomari;
Na, Nishi-Aomori; Iw, Iwakisan; Fu, Fukaura; Og, Oga; Kk, Kitakamigawa; Ga, Gassan; Yu, Yunokura; Si, Sikama; Tu, Tsuchi-
kura; Ba, Babamachi-Kita; Is, Ilistaya River source group; An, Akan.

Scatter plots were created using the parameters of Rb#
as Rb intensityX100/(A = Rb intensity + Sr intensity +
Y intensity + Zr intensity), Sr# as Sr intensityx100/A,
Mn intensityxX100/Fe intensity, and Log (Fe intensity/K
intensity) from Mochizuki (1997), which were calculated
by measuring intensities (Fig. 5).

The values of obsidian in the Shkotovo Plateau and
the Akan area were concentrated in individually different
areas compared to the obsidian sources in Hokkaido and
Tohoku districts (Kannari et al. 2010). The explicit dif-
ferentiation shows an application of potential for the
transregional sourcing of obsidian stone tools from be-
tween Primorye and the Japanese Islands.

6. Conclusion

The obsidian in the Shkotovo Plateau has a basaltic
andesite composition. However, it has almost no pheno-
crysts and a groundmass similar to rhyolitic obsidian
with homogeneous volcanic glasses. This suggests that
obsidian in the Shkotovo Plateau was produced by dif-
ferent processes when compared to the Akan obsidian
of welded tuff. The shapes of the lava flow including
obsidian in the Shkotovo Plateau are pillow lava and
pahoehoe. This suggests that the Shkotovo obsidian was
transformed in an environment of super cooling condi-
tions from mafic magma with a high temperature and

BEEMELZ., SO TELNEREZD L2,
H (1997) 12# U TRb 43 {Rbi#EE x 100/ (A=Rbi#
FE + SriftE + Y SREE + Zr )|, Sr43=E (S x 100/
A), MniRFE x 100/Feb#f¥, Log (Feiff /KifE) %
koo, HHIKEZERL7 (Fig. 5).

FIPIKTIE, HE - deipE I e 2 B A 07
— % (&HUTA 2010) bPFETTa Y b L7z A5
OBRBAOGHEE RS 5 L, 23— MY+ GHE
SR R0 BT SERE SN 13 2 B UMY L 7 e B RIS
Tuy b, iR REG L EPIFH B RE T H
5. L7ahio CEEME ORI OV T B kO 5 H &
179 28T, FEREMIEEOREIC R D EEZ NG,

6. HHWIC

AR L 723 HE LR H L2 A O 2 A L Tw
BHG, WRCEEOBREA & kL MO TRAMZZ LS
OHEDITE T T AT SN D, TRIEREIKE T
B B PISEI O B SRR RS 2 L ZRLT
W5, F7z, EEROTEBEMRE SR /SR A R A #Ha
THbHIEND, mEDE L, WEIMEICE RE TR
L7z eSS NS, v aa— by + iRl TRk
SNBRCIE, EERLE T, Bmshs L)%
BET ORI BI abhTw/ieZErb6Nb. L
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low viscosity, and is a rare case in the world. Conse-
quently, questions still remain for further research and
discussion regarding the elucidation of obsidian genera-

tion processes.
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