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INTRODUCTION

Geochemical techniques have been widely used in many parts of the world
to link volcanic glass artifacts with their geological outcrops as the first stage
in the study of prehistoric trading patterns. For example, studies by Kuzmin
and his associates have used instrumental neutron activation analysis (INAA)
and x-ray florescence (EDXRF) to trace the ancient distribution of glass ar-
tifacts in Far Eastern Russia (Shackley ef al. 1996; Kuzmin et al. 1999;
Kuzmin and Popov 2000; Kuzmin et al. 2002). Both these analytical meth-
ods measure the varying concentrations of elements in the volcanic glass.
Bivariate plots of results combined with cluster and discriminate classification
statistically differentiate geological outcrops (Kuzmin et al. 2002, 506—508).
The geochemial signatures of 24 naturally occurring localities (outcrops)
throughout the region were then compared to INAA and EDXRF studies of
110 artifacts from 36 widely distributed archaeological sites dated to the Late
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Paleolithic (c. 20 000—11 000 BP), Neolithic (c. 10 700—3 000 BP), Early Iron
Age and Medieval periods (c. 3 000—300 BP). Their results show that two local
(Gladkaya River Basin and the Basaltic plateau, which is comprised of the
Shkotovo and Shufan plateaus) and one distant (Paekutsan Volcano) sources
of volcanic glass with good flaking properties were targeted and exploited (Fig-
ure 1). Furthermore, they argued that the use of volcanic glass from the re-
mote Paekutsan Volcano at archaeological sites within the Primorye Region is
evidence for long-distance exchange beginning as early as 10 000 BP.

Our new research applies the Proton Induced X-ray Emission and Proton In-
duced Gamma-ray Emission (PIXE-PIGME) technique (¢f Summerhayes et al.
1998) to a suite of geological and archaeological samples in order to confirm and
broaden the pioneering INAA and EDXRF analyses. The use of additional meth-
ods to strengthen and complement previous geochemical studies of volcanic glass
is standard practice in archaeological science (e.g. Tykot 1998, 70). We have se-
lected PIXE-PIGME for our archaeological research because it is a nondestruc-
tive technique that can be applied to rare and unusual artifacts. A preliminary
attempt at Fission Track Dating of the basaltic glasses from Primorye was also
made since this has been found useful in other contexts to assist with understanding
when and how raw material sources could have been used in the past (e.g. Bonet-
ti et al. 1998).

Our results substantiate the existence of long-distance movement of volcanic
glass beginning in the Late Paleolithic and continuing into the Bronze Age. In
addition, we found that volcanic glass was transported from a distant source into
areas where it was already available. Temporal variation in the frequency of vol-
canic glass obtained from local and remote sources as well as changes in the di-
versity of sources provide tentative indications that different procurement and/or
mobility strategies operated during the Late Paleolithic, Late Neolithic and Bronze
Age of the Primorye region.

GEOLOGICAL SOURCES OF VOLCANIC GLASS

For a provenance study to be successful, according to Tykot (2003, 63), all
relevant sources must be known, the sources must be characterised by their physical
properties, variability within and between sources must be known, and differenc-
es should be measurable and statistically divergent. All such studies begin with
basic geological research to locate the potential sources. The location of the ma-
jor source areas of volcanic glass in southwestern Primorye is shown in Figure 1.
In these regions volcanic glass occurs naturally in the form of basaltic glass, rhy-
olitic glass or perlites, each of which are associated with different geological for-
mations (Kuzmin et al. 2002, 506). Basaltic glass can be found in the two Basal-
tic plateaux of Central Primorye (Shkotova and Shufan Plateaux). Perlites and
rhyolitic glass, associated with Palaecogene basalt-rhyolites, are found in the Krabbe
Peninsula and Gladkaya River Basin in Southern Primorye. Perlites are also found
as part of the Sikhote-Alin volcanic belt in Eastern Primorye.

Within the Primorye Region, primary sources of volcanic glass in the form of
geological outcrops are mainly associated with volcanic-tectonic depressions and
calderas. But they can also be found within smaller structures such as extrusive
domes, dykes, lava or pyroclastic flows (Kuzmin and Popov 2000, 161). When
these geological features are eroded, blocks of volcanic glass are released. These
can then be water-rolled and transported down waterways that drain the volcanic
regions. The resulting redeposited cobbles are considered secondary sources of
volcanic glass.

The location of the outcrops combined with the distance these cobbles travel
downstream determines the size of the source locality, or the area in which hu-
mans could have obtained volcanic glass (Figure 1). Basaltic glass from the Shko-
tovo Plateau can be found in the llistaya, Partizanskaya and Arsenievka Rivers,
while tributaries of the Razdolnaya River that drain the Shufan Plateau also yield
obsidian (Figure 1). Tertiary dykes and small extrusive domes within the Glad-
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kaya River Basin have been eroded so that cobbles and blocks from this source
can be found in the Ryazanovka and Vinogradnaya Rivers (Figure 1).

Outside the region, rhyolitic glass (obsidian) is also found at the remote Paek-
tusan Volcano on the border of China and North Korea and more than 300 kilo-
meters to the southwest of Primorye (Figure 1).

SOURCE ASSESSMENT

The first step in an archaeological study of how people used volcanic glass in
the past is to assess the properties of potential sources that influenced how peo-
ple might have selected and worked the available material (Torrence 1986; Tor-
rence et al. 1992; Bamiorth 1990, 1992). The sampling locations from the three
source localities described in this paper were assessed according to a series of
variables that might have been relevant to their prehistoric use: %l) depositional
context (water-rolled cobble, outcrop); (2) size of the available material; (3) qual-
ity of the material (flaking properties); (4) geological origin (basaltic glass, per-
lite, obsidian), (5) ease ol extraction. The summary provided in Table 1 is based

Region Location Topography Source Type Extraction Quality Vogllizlsuc
Central Outcrop 1, Krivoi hill slope outcrop Hard low- basaltic
Primorye Stream, Basaltic medium glass

plateau
Central Ilistaya River, Point B,  stream bed cobbles and Easy medium-  banded
Primorye Skhaya Stream, boulders good basalt
Basaltic plateau (10—25 cm) glass
Central Ilistaya River, Point R,  stream bed  small cobbles Easy medium-  basaltic
Primorye Nikalaevka, Basaltic (5—8 cm) good glass
plateau
Central Ilistaya River, Point S,  stream bed  small cobbles Easy medium-  basaltic
Primorye Otradnoe, Basaltic (5—8 cm) good glass
plateau
Central Ilistaya River, Point Z,  stream bed  small cobbles Easy medium-  basaltic
Primorye Ivanovka, Basaltic (5—8 cm) good glass
plateau
Southern Krabbe Peninsula hill slope, outcrop Moderate low banded
Primorye coast perlite
Southern Olenyi Stream, stream bed, small cobbles, Moderate  medium-  rhyolitic
Primorye Vinogradnaya River dyke outcrop good glass
Gladkaya River Basin
Southern Vinogradnya River stream bed, small cobbles, Moderate medium  rhyolitic
Primorye  Gladkaya River Basin dyke outcrop glass

Table 1 Description of the source areas assessed during this study

on previous fieldwork by geologists supplemented by a recent joint geological and
archaeological field trip to the Shkotovo Plateau in 2001.

Beginning with the Basaltic plateau primary and secondary sources, we can see
that there is considerable variability across the region, although the flaking quality
of this glass source is generally quite good. For example, a preliminary analysis of
cobbles along the Ilistaya River shows that cobble diameter declines with distance
from the outcrop. This is important because the size of the cobble may influence
the procurement strategy employed as it oiten dictates how the raw material can
be reduced and what artifacts can be manufactured (Bamforth 1992, 132). For ex-
ample, boulders up to 25 ¢cm in diameter were observed in the stream bed at Point B.
As Point B is still located in the volcanic belt, the cobbles have not experienced a
great deal of water action (Figure 1). In contrast, at Point Z, approximately 50 km
from the outcrop, the size of the available cobbles has been reduced to 5—8 cm in
diameter. Furthermore, as large cobbles of reasonably good quality material are easily
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extracted from the stream bed near the outcrops, there may be no need to exploit
the nearby outcrops. For example, volcanic glass from the Krivoi outcrop, located
at the headwaters of the Ilistaya River, varies in flaking quality due to the inclusion
of phenocrysts and is difficult to extract from within the basaltic flows, but there is
an abundant source of relatively large volcanic glass cobbles in the adjacent stream.

The perlite outcropping on the Krabbe Peninsula has very poor fracturing prop-
erties and is moderately difficult to extract making its attractiveness as a source
low. Similarly, the perlite from the Sikhote-Alin volcanic belt (Eastern Primorye)
is also poor quality. In contrast, the volcanic glass available in the Olenyi stream
and Vinogradnaya River and its tributaries (part of the Gladkaya River Basin) occurs
as small dykes of medium to good quality material making it a suitable source of
archaeological volcanic glass. As with the Basaltic plateau region, however, the
stream cobbles may have been as good il not better as a source because they are
easier to collect and have a wider spatial distribution.

The summary data in Table 1 shows that there is considerable variability in
the physical characteristics of the source localities in the Primorye Region. It is
likely that the geological constraints of the available material impacted on the
ways that volcanic glass was procured and worked in the region. At present the
comparison of the potential source localities is based on very general observa-
tions. A more comprehensive investigation of the source localities needs to be
undertaken to quantify their similarities and differences.

GEOCHEMICAL ANALYSIS OF GEOLOGICAL SAMPLES

Geochemical analysis of geological sources of volcanic glass by Kuzmin and
Popov (2000) identified ten distinct chemical sub-groups from three geological
formations local to the Primorye region: Gladkaya River 1, 2 and 3; Basaltic pla-
teau; Krabbe Peninsula; Sikhote-Alin volcanic belt —Sadovy, Chernaya Rechka,
Samarage. The only distant sources were Paektusan Volcano 1 and 2. They con-
cluded that as the geochemical analyses did not match any artifacts with glasses
from the Sikhote-Alin volcanic belt, the Krabbe Peninsula, Paektusan-2 and the
Gladkaya River 2 and 3, these geological formations were not used as sources in
the past (Kuzmin and Popov 2000; Kuzmin et al. 2002, 509—510).

PIXE-PIGME is a non-destructive technique of a wide range that measures a
range of elements over a short period of time using both Proton Induced X-ray
Emission and Proton Induced Gamma-ray Emission analyses (Summerhayes et al.
1998, 134). During PIXE analysis, samples are irradiated by 3 MeV protons pro-
duced by an accelerator. As a result they emit x-rays that are characteristic of
individual elements. These x-rays can be measured by a Si(Li) or High Purity
Germanium detector which identifies the spectrum of the elements in the sample.
PIGME analysis measures the energy produced when protons are charged. Charged
protons create a nuclear reaction which results in the emission of high-energy
x-rays (gamma rays) that can be measured by a lithium drifted germanium detec-
tor. As each element has a different energy, this can be used to quantify the ele-
mental composition of volcanic glass. A «pinhole» filter is used to limit the inten-
sity of the major elements making it easier to detect trace elements and discriminate
the sources to a finer degree. Statistical analysis of the results using a series of
multivariate techniques is used to identify the geochemical subgroups.

A total of 39 samples (Figure 1) from primary sources (outcrops, Figure 2)
and secondary sources (river cobbles, Figure 3) were collected and characterized.
Results from the PIXE-PIGME analyses support the initial groupings made b
Kuzmin and Popov (2000) using Energy Dispersion X-Ray Fluorescence (EDXRF
and Instrumental Neutron Activation Analysis (INAA). Three source localities were
defined in the Primorye Region: (1) basaltic glass from the Shufan Plateau (2)
rhyolitic glass from the Krabbe Peninsula, (3) rhyolitic glass from the Gladkaya
River Basin. In addition, a group of artifacts was identilied as derived from the
Paektusan Volcano on the basis of a comparison with the INNA data. The results
are summarized in Table 2.
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Volcano. Plateau “River . Krabbe Peninsula
N 20 62 4 2
F Mean 1905 217 350 855
SD 424 21 28 933
Na Mean 2.68 2.23 2.32 2.34
SD 0.02 0.03 0.02 20.5
Al Mean 6.41 7.89 5.67 5.56
SD 0.04 0.05 0.02 1.43
SI Mean 35.63 21.75 37.81 29.65
SD 3.7 1.61 3.14 4.66
K Mean 4.32 0.61 4.55 3.49
SD 0.09 0.05 0.08 0.09
CA Mean 0.79 6.75 0.37 0.91
SD 1.61 0.04 0.001 0.48
TI Mean 1267 9594 442 1536
SD 2261 1214 33 586
MN Mean 420 1268 280 277
SD 234 86 20 88
Fe Mean 1.68 8.2 0.06 1.37
SD 1.69 0.04 0.02 0.03
ZN Mean 140 140 33 4261
SD 0.06 0.08 0.01 0.06
RB Mean 247 13 101 149
SD 57 5 13 65
SR Mean 31 313 11 57
SD 58 40 3 49
Y Mean 51 14 21 26
SD 12 5 4 22
ZR Mean 244 87 80 195
SD 40 13 19 23
Pb Mean 33 49 20 32
SD 8 45 4 6

Table 2 Concentrations and standard deviations for elements measured by PIXE-PIGME.
F, Ti, Mn, Rb, Sr, Y, Zr, and Pb are measured in parts per million (ppm) and Na, Al, Si,
K, Ca, Fe are in percentages.

Paektusan Volcano Basaltic plateau
Element PIXE INAA Ratio INAA/PIXE PIXE INAA Ratio INAA/PIXE
Fe 1.60 1.08 0.643 8.20 7.08 0.863
K 431 4.17 0.965 0.6 0.4 0.653
Mn 420 308 0.734 1269 1097 0.865
Na 2.68 3.06 1.140 2.23 243 1.087
Rb 247 236 0.956 13 11 0.845
Sr 31 28 0.909 313 381 1.215
Zn 140 85 0.609 139 131 0.940
Zr 244 252 1.031 87 94 1.078
Mean 0.873 0.943

Table 3 Comparison of the trace elements results from INAA (Kuzmin et al. 2002) and
PIXE-PIGME analysis
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As shown in Table 3, the mean values for eight elements shared in both the
PIXE and INNA analyses (Kuzmin et al. 2002) show that the measurements for
glass from the Paekutsan Volcano and the Basaltic plateau are highly compara-
ble. The results show a close correspondence between the two approaches for the
volcanic glass from Paektusan Volcano, particular for potassium (K), sodium (Na),
rubidium (Rb) and scandium (Sc). A comparison of the results from Basaltic pla-
teau, although not quite as closely related, shows that the measures of sodium
(Na), scandium (Sc%, manganese (Mn) and rubidium (Rb) are similar. Further-
more, these results show a high degree of discrimination in the varying amounts
of trace elements in the two sources.

GEOCHEMICAL ANALYSIS OF ARCHAEOLOGICAL SAMPLES

Obsidian artifacts are commonly found in archaeological contexts throughout
the Primorye Region (Korotky et al. 2003, 41). To measure changes in obsidian
use and distribution within the Primorye Region, 76 artifacts from 15 archaeolog-
ical contexts were characterized using PIXE-PIGME and compared to the geolog-
ical samples (Table 4). These artifacts were selected from excavated sites in three

Site Region Paektusan  Basaltic plateau  Gladkaya River Basin
(~kms) (~kms) (~kms)

Late Paleolithic
Gorbatka 3 Central Primorye 450 0 200 (not used)
Ivanovka 1 and 2 Central Primorye 450 0 200 (not used)
Molodeznaya 1 Central Primorye 450 0 200 (not used)
Novovarvarivka Central Primorye 450 0 200 (not used)
Risovaya 1 Central Primorye 450 0 200 (not used)
Tigrovaya Central Primorye 450 0 200 (not used)
Timofeevka Central Primorye 350 0 100 (not used)
Late Neolithic
Valentin-peresheek  Eastern Primorye 550 70 300 (not used)
Zaisanovka 1 Southern Primorye 260 70 0
Zaisanovka 7 Southern Primorye 260 70 0
Zara 1-A, 1-C Eastern Primorye 530 60 260 (not used)
Bronze Age
Anuchino 14 Central Primorye 450 0 200
Kievka Eastern Primorye 470 40 210
Sinie Skaly Eastern Primorye 630 130 370
Zara 3 Eastern Primorye 530 60 260

Table 4 Approximate distances from source localities to archaeological site locations

geographic regions (Southern, Central and Eastern Primorye) and are dated to
three archaeological periods (Late Paleolithic, Late Neolithic and Bronze Age).
The location of the sites studied is given in Figure 4.

The approximate distances from the source areas that volcanic glass was po-
tentially being transported during each of these periods in presented in Table 4.
This comparison is limited by the lack of sites in some of the regions for various
time periods. However, the data given in Table 4 does show that volcanic glass,
and especially obsidian from the Paekutsan Volcano, had been moved, often over
considerable distances. Furthermore, the simple comparison of the frequency of
artifacts from remote and local sources in the different archaeological periods pre-
sented in Figure 5 shows a significant increase in the proportion of material from
the remote Paekutsan Volcano during the Late Neolithic.
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Analyses by PIXE-PIGME of volcanic glass artifacts from fifteen archaeologi-
cal locations indicate the changing use and transportation of the volcanic glasses
through the prehistoric period in Primorye.

Late Paleolithic (c. 20 000—10 000 BP). A total of 28 artifacts from Late
Paleolithic sites were analysed from 7 sites located in the Basaltic plateau of Cen-
tral Primorye (Table 5). Most of the artifacts came from local Basaltic plateau

Late Paleolithic | Basaltic plateau Paektusan Total
Sites

Gorbatka 3 3 3
Ivanovka 1 and 2 1 1
Molodeznaya 1 4 2 6
Novovarvarivka 1 1 2
Risovaya 1 2 3 5
Tigrovaya 10 10
Timofeevka 1 1
Artifact Types

Microblade 2 2
Microcore 1

Flake 11 11
Drill 1 1
Burin 1 1 2
Blade-like 1 1 2
Retouched flake 1 1
Retouched blade 1 1
Blade 5 2 7

Table 5 Comparison of the sourced artifacts and artifact types
found in the Late Paleolithic

sources (n=21, 75%). However, the proportion of obsidian sourced to the remote
Paektusan Volcano shows that a significant number were imported from a consid-
erable distance (n=7, 25%). The artifact types indicate that both local and non-local
sources were used in blade manufacture, but a wider variety of tool types were
made from the local sources (Table 5).

Late Neolithic (c. 5 700—3 000 BP). The Late Neolithic Period is represent-
ed by 24 artifacts from only 3 sites which are all located on the coast (Table 6; Fig-

Late Neolithic Basaltic plateau Paektusan Total
Valentin-peresheek 3 3
Zaisanoka 1 15 15
Zaisanoka 7 1 1
Zara 1-A, 1-C 5 5
Artifact Types

Microblade 2 2
Flake 2 10 12
Endscraper 3 3
Arrowhead 1 1
Blade-like 5 5
Retouched blade 1 1

Table 6 Comparison of the sourced artifacts and artifact types
found in the Late Neolithic
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ure 1) At Zaisanoka 1 and 7 in Southern Primorye, only obsidian from the Paektu-
san Volcano was represented in our sample, whereas only glass from the Basaltic
plateau was transported to Eastern Primorye (Valentin-peresheek, Zara 1-A and 1-C).

Within the sample as a whole, the Irequency of volcanic glass from the re-
mote Paektusan Volcano is much higher (n=16, 66.6%) than the local basaltic
glass (n=8, 33.3%). Obsidian from Paektusan Volcano was found within the Late
Neolithic contexts at Ustinovka 3 indicating that it was moved a distance of
~670 km from the source locality (Kuzmin et al. 2002, 513; Fig. 2).

Most of the blades or blade-like flakes in our samples are sourced to the Paek-
tusan Volcano. In contrast, a variety of flakes types were made from the local
material. These differences in the use of the local and remote may be an indica-
tion of the development of specialization and exchange networks. The increase in
the proportion of obsidian from Paektusan Volcano during the Late Neolithic was
also identified by Kuzmin et al. (1999, 98) who proposed that it was related to
the development of the Zaisanovka Culture. This cultural complex is defined by
the present of a zig-zag ceramic motif which is thought to have originated in North
Korea and spread along the coast of Primorye (Cassidy et al. in press).

Bronze Age (3 500 BP). With the exception of Anuchino 14 (Cassidy and Konon-
enko 2001; Figure 1), the Bronze Age sites in our sample are predominately coastal.
The PIXE-PIGME results for 20 artifacts indicate that a wider diversity of sources
were used in the Bronze Age than in previous periods (Table 7). Volcanic glass from

Bronze Age Bp?;:lel:lf Paektusan Gladll;?;?anver Unknown Total
Anuchino 14 5 5
Kievka 3 3
Sinie Skaly 3 1 1 1 6
Zara 3 1 4 1 6
Artifact Types

Retouched knife 1 1
Retouched flake 3 1 4
Retouched blade 1 1
Retouched arrowhead 1 1 1 3
Flake 4 3 1 8
Blade 1 1 2
Biface 1 1

Table 7 Comparison of the sourced artifacts and artifact types found in the Bronze Age

the Gladkaya River basin was identified in an archaeological context for the first time.
At Zara 3 three sources of obsidian were identified with most originating from the
Paektusan Volcano. Similarly, at Sinie Skaly four sources, including an unknown source,
were used. Obsidian from the Southern Primorye region was transported ~370 km to
Sinie Skaly, while material from the Paektusan Volcano was transported ~640 km.
There is a major difference with the previous Late Neolithic period because the fre-
quency of local sources is higher in the assemblages (n=15, 75%) then the volcanic
glass artifacts from the remote Paektusan Volcano (n=>5, 25%). Most of the retouched
artefacts are derived from Basaltic plateau glass, whereas the retouched arrowheads
come from three different sources (Table 7).

FISSION TRACK DATING

A preliminary study using Fission Track Dating of volcanic glasses was also
made since it is important to know when the glasses were formed. For example,
in dealing with young glasses, it is possible to monitor how differences in the
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way these were exploited for use or trade are related to the age of the formation
of the deposits themselves. In addition, some archaeologists have found that fis-
sion track dates on artifacts can be used to discriminate among geological sourc-
es of different ages (Bonetti et al. 1998).

The results of Fission Track Dating on basaltic glasses derived from the
Basaltic Plateau region of Primorye is presented in Table 8. The method which

Sample Source Spontaneous track | Jpduced track density Age (Ma)
density
3110 Ilistaya River 214+18 1 467+67 9.8+1.0
31 llistaya River 193+27 1172118 112422
P-501/2 Chernyatino 12413 2 000+213 3.97+0.65
P-515 Neginka River 130+19 1619+213 5.74+1.26

Table 8 Results for fission track dating of basaltic glasses of Primorye Province. Results for fission track
dating of basaltic glasses of Primorye Province. The induced track densities are normalized to a standard

neutron fluence of 10¥¥15 n/cm?

is described in more detail in Fleischer and Price (1975), Durrani and Bull
(1987), and Bonnetti et al. (1998), is based on studying and counting latent
and induced fission tracks which are created on the sample by etching with a
strong acid and bombarding with a known thermal neutron fluence provided,
in our case, by the TRIGA Mark Il Reactor of the LENA laboratory at the Uni-
versity of Pavia, Italy.

Dating the basaltic glasses in Primorye turned out to be a difficult procedure
because the method requires a transparent sample in order to detect the fission
tracks, but this material is very opaque. Moreover, it turned out that such mate-
rial was very Uranium poor, i.e. 2—3 orders of magnitude less than typical rhy-
olitic obsidians. The results presented in Table 1 show two groups of ages which
correlate with two different regions. The fission track data indicate that volcanic
glasses from the Shufan Plateau belong to volcanic eruptions of Pliocene age,
whereas the volcanic glasses from Shkotovo Plateau, located within the Pravaya
Ilistaya River Basin, are associated with a Late Miocene stage of volcanic activi-
ty. From an archaeological point of view, the age of the basaltic glasses is clearly
well beyond the age of human presence. Consequently, they would have repre-
sented highly stable resources during the time when ancient humans occupied
the region.

DISCUSSION AND CONCLUSIONS

Since different geological source localities of volcanic glass have a unique
trace element composition, individual artifacts can be linked directly to the source.
This makes volcanic glass an ideal raw material for examining changes in pro-
curement strategies and mobility patterns of prehistoric societies (Roth 2000,
305—306). Along these lines, our preliminary study of geological sources and
archaeological material from Primorye has revealed interesting chronological
changes in the use of distant and local sources and in the form of the artifacts
made from these sources.

The movement of material into the Primorye region from the distant Paektu-
san Volcano, beginning during the Late Paleolithic and continuing onwards, has
been viewed as «unquestionable evidence for intensive long-distance exchange of
obsidian» (Kuzmin et al. 2002, 514). Although our study confirms that volcanic
glass was transported over extensive distances, the actual mechanism behind this
movement must remain open to discussion. Without a detailed assessment of the
source localities, a typological and technological analysis of the assemblages, or a
systematic study of spatial patterning and fall-off with distance, one cannot yet



121

distinguish between exchange and mobility as the mechanism for the movement
of obsidian, nor for concrete differences between the various periods.

The mechanism of exchange may be inferred from the composition of the ar-
chaeological assemblage. For example, if exhausted or broken specialized tools
are sourced to only one location, than they are more likely to have been exchanged
than transported within a mobility pattern (Roth 2000, 306—307). In contrast, if
local and non-local sources were used in the same way, stone was probably ob-
tained through direct procurement. By examining our data in this light, we can
see that during the Late Paleolithic both sources were used in the same way. In
contrast, during the Late Neolithic blade production was generally from made from
obsidian derived from the Paektusan Volcano, suggesting that exchange may have
taken place. These results only hint at the potential variability that could occur in
the procurement and mobility strategies that developed in the Primorye Region.
To explore these patterns further, a larger sample of the glass artifacts needs to
be characterised in conjunction with a detailed technological and spatial analyses
of the assemblges.

Within the Late Neolithic the development of the Zaisanovka Culture has been
observed throughout North-East Asia Cassidy et al. in press). At this time there
was an intensification in the sphere of human interaction along the Sea of Japan,
including Korea. The influx of rhyolitic glass from Paektusan Volcano into South-
ern Primorye in this period may be the result of a greater degree of human inter-
action over a wider area. In particular, the presence of blades and blade-like flakes
in the assemblages from Paektusan Volcano tentatively suggests that exchange
may have been the primary mechanism of movement from this source locality
into the Primorye region during the Late Neolithic.

During the subsequent Bronze Age, our data exhibit a wider diversity of sources
being exploited and being moved along the coast. It has been proposed that at
this time complex agricultural societies Irom the Northeast of China were moving
into the Primorye Region along the coast. However, an alternative explanation is
that there was an in situ sudden shift from a saltwater marine based economy to
a dependence of freshwater resources which was driven by climatic conditions
(Cassidy and Kononenko 2001, 142).

It has been suggested that the reason obsidian from Paektusan Volcano moved
into the Basaltic plateau, an area where plentiful in volcanic glass sources are
readily available, was because the local sources did not provide enough good quality
material (Kuzmin et al. (2002, 513). Preliminary fieldwork conducted in 2001 by
some of the authors of this paper suggests that this hypothesis is no longer tena-
ble. The team found abundant quantities of useable volcanic glass river cobbles in
a number of places (ci. Table 1), but a more thorough geoarchaeological survey
of the source localities should be undertaken to determine in more detail how their
physical characteristics may have influenced the way they were used in the past.
This type of assessment has been undertaken successfully in the Mediterranean,
Papua New Guinea, Australia and Northwestern Mexico (e. g. Tykot 2001; Tor-
rence 1986; Torrence et al. 1992; Doelman et al. 2001; Shackley 1998).

In conclusion, our preliminary study confirms the importance of geochemical
methods, and in particular the PIXE-PIGME technique, to characterise geological
sources and archaeological artifacts in the Primorye region of Far East Russia.
The analyses reported here also highlight some potentially important changes in
the use and transport of several types of volcanic glass. The research has also
identified a number of avenues for further investigation. The potential mechanisms
which created the long distance movement of volcanic glass (e.g. exchange vers-
es mobility) need to be examined more rigorously. In future work a detailed geoar-
chaeological survey of the source regions combined with typological, technologi-
cal, and spatial analyses of the assemblages are essential. These approaches, in
combination with further geochemical studies to enlarge the sample size of char-
acterised artifacts, should provide the necessary information for better understanding
the societies who procured, transported and worked volcanic glass in the Primorye
Region.
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PE3IOME. [laHHasa cTaTbsl rpynnbl aBTOPOB MOCBSLLEHA NpeaBapuTenb-
HOI reoNIorM4YecKomr N apxeonornyeckom oLgeHKe HeCKOJbKMX NCTOYHWKOB BYII-
KaHu4eckoro ctekna (obcuauana) B MNMpMMopbe U UX UCMONIb30BAHUIO B Te-
YeHMe TPeX UCTOPUYECKUX NEPUOOOB.

PaccmaTtpuBaloTcs 4eTblpe UCTOYHMKA BYJSIKAHWYECKOro CTekna, BKoYa-
lowme B cebqa: a) 6azanbtoBoe cTekso LLkoToBckoro un LydaHckoro nnato,
cocTaBngowpye 6asanstoBoe nnato LleHTpanbHoro Mpumopbs; 6) nepnuto-
BOE M PUOINTOBOE CTEKJIO U3 ABYX UCTOYHUKOB KOxHOro MNMpumopbs — nony-
ocTpoBa Kpabbe n 6accelriHa p. [nagkon; B) pyMonnToBoe CTEKSIO C By/KaHa
MekTycaH, pacnonaratowierocs Ha rpaHuue Kntaa n CesepHoin Kopen. Mpea-
BapuTeNbHasa reonormyeckas 1 apxeonormyeckas ougeHka 3TUX UCTOYHMKOB
yunTbiBana takme pakrtopbl, Kak reoslormyeckoe nNpPoMCXoXaeHNe U XxapakTep
3asieraHnsl ByJIKaHMYECKOro CTekna, cTeneHb AOCTYNHOCTU AN A00bluM 1 pa3-
Mepbl CbIpbEBOro MaTepuarna, ero Ka4eCTBEHHbIE XapakTepucTmku, obycnoBs-
NnvBatoLme cnocobHOCTb K packanbiBaHuio (Tabn. 1).

Feoxnmmyeckuin aHanna 39 obpasyoB, 0OTOOPaAHHbLIX HENOCPEACTBEHHO
B BbIXOJaxX Ha MOBEPXHOCTb MCTOYHUKOB ChIpbsl (MEPBUYHbIE UCTOYHUKMN)
M B PEYHbIX OT/IOXEHUSX (BTOPUYHbLIE UCTOYHUKMK, NpeacTaBnsowme co-
60 peyHoN raneyHuk), Obi BbIMONHEH ¢ ucnonb3oBaHnem PIXE-PIGME
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(Proton Induced X-Ray Emission / Proton Induced Gamma Ray Emission)
TexHukn. MNpenmyL,ecTBO 3TOro MeToAa 3aksyaeTcs B TOM, 4YTO OH MO-
3BONSEeT UAEHTMOUUMPOBATL NPOMNOPLUNIO FEOXUMUYECKNX SNEMEHTOB B re-
onoruvyeckom obpasue, unn aptedakrte, He nogBeprasa nocnegHne Kako-
My-nnbo paspylieHnio. PedynbTatbl aHanuM3a nokasanam reoxXxmmMmyeckoe
pasnuyne Tpex UCTOYHMKOB, MOATBEPXAAS OaHHble NPeLIeCTBYOLNX
aHaNM30B, BbIMOJIHEHHbLIX C UCMNOJIb30OBAHNEM APYrMX TEXHUK U METOAO0B
(EDXRF, INAA) (tabn. 3).

PIXE-PIGME TexHuka Oblna Takke Ucnonb3oBaHa ajis uaydyeHus 76 aprte-
dakToB ¢ 15 apxeonornyecknx namaTHMKOB, pacnonaraiowmxca B KxHoM,
Bocto4yHoM u LeHTpanbHOM [MprMOpbe U XPOHOMOrMYECKN OXBaTbIBAKOLLMX
nepuoael NO3JHEro naneonuta, NO34HEro HeoONNTa N 3ANOXM BPOH3BI.

Ona wvasrotoBneHus 28 aptedakTtoB C Mno3agHenaneonuTU4ecKkmx
(12 000 n.H.) CTOSHOK, pacrnonaralwuxcsd B panoHe bazanbToBOro nna-
TO, B OCHOBHOM MCMNO/b30BaNIoCb MecTHoe 6a3anbToBOe cTekso (75%).
B 10 Xe Bpema 25% apTedakToB ObIIO caenaHo n3 obcmamaHa ¢ ByJka-
Ha lekTycaH, OTOANEHHOro OT pamoHa CTOAHOK Ha 450 km (Tabn. 5).

Mo3nHeHeonuTnyeckne aptedakTbl (16 06pasuoB) co CTOAHOK HOXHOro
Mpumopbs (5 700—3 000 n.H.) ObINM NIrOTOBMEHBI N3 0OCHMAVAHa ByJiKaHa
MekTycaH (paccTtosiHue 260 km). Hanpumep, nosgHeHeonnTuyeckue aptedak-
Tbl LleHTpansHoro n BoctoyHoro Mpumopbs (8 06pasuoB) Gbinv caenaHbl U3
MecTHoro 6asanbToBoro crekna). bonee Ttoro, mopdgonormnyeckn aprtedak-
Tbl U3 06cnavaHa lNekTycaHa NnpeacTaBfeHbl B OCHOBHOM MaacTUHAMM U Mia-
CTUHYaTbIMKU OTLLENAMMN, B OTAMYME OT OTLLEMNOB U3 MECTHOMO ChIPbS.

ApTtedakTbl 9noxm 6poH3bl (3 500 f1.H.) B OCHOBHOM COOTHOCSITCS CO CTO-
AHKamMu, pacnonarawwmmuca B BoctouHom MNpumopbke (15 obpasuyos). Cpe-
OV NpoaHanmM3npoBaHHbIX 00pa3uoB 7 CBsA3aHbl C MECTHbIMU UCTOYHMKAMMU
BasanbToBOro nnarto, 5 npuHeceHsl ¢ lNekTycaHa, oanH obpaseL, NPOUCXo-
OVT U3 UCTOYHUKOB p. naagkon. [ing AByx 06pa3L0oB MCTOYHMKM NOKa HE NAEH-
TNOUUMPOBAHDI.

OTu NpepBapuTeNbHble Pe3ynbTaTbl MOKAa3bIBAOT, YTO BY/KAHMYECKOE
CTEK/I0 B APEBHOCTU PACMPOCTPAHSANOCh U MEPEHOCUNOCh HA 3HAYUTEb-
Hble paccTosiHMs. Toka He COBCEM SICHO, ABASINOCh NN JAHHOE MNepemeLle-
HUE CbIpbs OJ19 KAMEHHbIX Opyaui pe3ynbTaToM oOMeHa MexXay nepBoObIT-
HbIMW KONJEKTMBAMW UAU OHO ObINO CBA3AHO C MOOUbHBIM 06pa30M
XXM3HN OXOTHUKOB U cobupartenen, nepeHocuBLLIMX ¢ coboll Habop 3aro-
TOBOK U Opyaui B HOBble MecTa obutaHua? Mbl npegnonaraem, 4To oba
crnocoba mMornm ObiTb MPUMEHEHBI B Pa3Hble XPOHOJIOrMYeckme nepuoabl.
Hanpumep, ncnonb3oBaHne obcuamaHa c BynkaHa [lekTycaH ans npows-
BOACTBA MAaCTUH B 3MOXy MNO3OHEro HeonuTa JaeT OCHOBaHWE nonaratb,
4yTO 9TOT MaTepuan nonagan B lNpumopbe nocpeacTtsom odbmeHa. nga 60-
nee rnybokoro noHMMaHus ponm obmMeHa M MOOUNBLHOrO obpasa >XMU3HU
B pas3finyHble KYJIbTYPHO-XPOHONOIMYECKNEe Nepuoabl APEBHEN NUCTOPUN
Mpumopba HEOOXOAMMO AanbHenlee, 6bonee aeTanbHOE XMMUYECKOE U3Y-
YeHVe BYJIKAHMYECKOro CTekna M3 UCTOYHUKOB U apTedakTOB CO CTOSHOK
COBMECTHO C TEXHOJIOTMYECKUM, TUMONIOTMYECKMM N MPOCTPAHCTBEHHbLIM
AHaNMM30M BCEX OAHHbIX.






