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Data Report
Measurement of magnetic susceptibility of obsidian from Shirataki,
Hokkaido, Japan, to identify the source of obsidian tools

Kyohei SANOV

Abstract
Magnetic susceptibility is often used to identify the source of tools and tombstones that are made from igneous
rocks, such as obsidian and granite. This study reports on how the relationship between magnetic susceptibility
and sample thickness of obsidian contributes to identifying the source of obsidian tools. Obsidian samples from
Shirataki, Hokkaido, Japan, were analyzed, focusing on those from the lava flows of Tokachi-Ishizawa (TI), Akai-
shiyama (AK), and Horoka-Yubetsu (HY). The sample thickness ranges from 2.74 to 20.84 mm and the magnetic
susceptibility ranges from 6.1 x 107 to 4.2 x 10#SI for the TI lava, from 2.52 to 13.78 mm and 3.3 x 10 to 2.1 x
10*SI for the AK lava, and from 2.05 to 23.28 mm and from 1.9 x 10~ to 7.3 x 10*SI for the HY lava, depending
on the thickness of the sample wafer. The results revealed that obsidian from the HY lava demonstrated the highest
value of magnetic susceptibility among the analyzed samples; thus, obsidian from the HY lava could be identified
by this characteristic. Concurrently, heterogeneity in the magnetic susceptibility within a single lava flow was
observed in the AK lava. These results could contribute to the identification of the source of obsidian tools and

development of nondestructive techniques for measurement of magnetic susceptibility.
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tools, since the end of the Paleolithic period

Introduction

Obsidian is a volcanic rock formed by the
eruption of viscous magma and is characterized
by an entirely glassy matrix with a small amount
of crystals, including phenocrysts and microlites
(Sano et al., 2015; Sano and Toramaru, 2017). In

Japan, it has been a natural resource for making

(Kanomata et al., 2015). Previous efforts to
identify the sources of obsidian tools have focused
on the chemical composition of the glass,
differences in color among hand specimens, and
textures of rock, including the morphology of
microlites (Wada and Sano, 2011). However, the
methods for its analysis have often been

destructive. Because it is important to preserve
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Fig. 1. Distribution map of the 0bs1d1an lava flows in Shlratakl Hokkaido, Japan. This map is compiled
from Wada and Sano (2011) and Wada and Sano (2016). The locations of the four outcrops, from which
the obsidian samples used in this study were collected, are also indicated. This map is based on the topo-
graphic map published by the Geospatial Information Authority of Japan.

cultural properties, recent studies have attempted
to obtain useful information via nondestructive
method of analysis, such as X-ray fluorescence
and Raman spectroscopy (Carter et al., 2009;
Kelloway et al., 2010; Mashima, 2018). Magnetic
susceptibility has also been used to identify the
source of obsidian (Kanto, 2015) and granitic
tombstones (Sakiyama, 2019a, b).
Inthisstudy,[focusedonmagneticsusceptibility,
because it is a nondestructive analytical method to
identify the sources of obsidian and other types
of igneous rocks. Additionally, obsidian has an
advantage involving magnetic susceptibility,
since it is entirely composed of glass and a small
number of crystals, including magnetite. In
principle, magnetic susceptibility depends on the
type, amount, and size of the magnetic minerals.
Thus, using obsidian is an easy way to detect the
effect of such parameters on the measurement
of magnetic susceptibility. This paper reports
the magnetic susceptibility of obsidian and its

relationship with the thickness of the samples
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to improve methods for identifying the source
of obsidian tools and to develop nondestructive
analytical techniques. Sample thickness is an
important factor, because microblades and flakes
of obsidian can be sometimes found in remains
smaller than 10-mm thickness (Nakazawa et al.,
2019). It is important to consider the effect of
sample thickness on its magnetic susceptibility.
This paper first describes the textures of
Hokkaido,

Japan, and thereafter, the methods used. Next, the

obsidian samples from Shirataki,

analytical results of the magnetic susceptibility
and the thicknesses of the obsidian wafers
are reported. Finally, this paper discusses the
application of using magnetic susceptibility for
identifying the sources of obsidian tools and the
relationship between rock texture and magnetic

susceptibility.
Samples

For the study of magnetic susceptibility,
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I used the obsidian samples from Shirataki,
Hokkaido, Japan. I collected the samples from
the following lava flows: Tokachi—Ishizawa (TI;
Tokachi—Ishizawa outcrop), Akaishiyama (AK;
Hachigosawa and Kyukanosawa outcrops), and
Horoka—Yubetsu (HY; Ajisainotaki

Figure 1 shows the distribution of the obsidian

outcrop).

lavas and outcrops in the Shirataki area. The
chemical and textural characteristics of the
obsidian samples from each lava flow have been
reported by Wada and Sano (2011), and the lava
structures have been described by Wada and Sano
(2015) and Sano et al. (2015).

In the Shirataki area of Hokkaido in northern
Japan, dacite and rhyolite magma erupted during
the late Pliocene period and formed a pyroclastic
deposit. This magmatism formed a caldera
structure, which is called the HY caldera (Wada
and Sano, 2011), which corresponds to a region
of the Bouguer anomaly (Yamamoto, 2004).
After the formation of the HY caldera, aphyric
rhyolite magma began to erupt and explosions
within the caldera formed several pyroclastic
deposits, including lake deposit that contain
obsidian fragments (HY formation; Konoya et
al., 1964). Subsequently, effusive aphyric rhyolite
lava erupted and pyroclastic materials buried the
caldera lake. Thereafter, the volcanic activity was
subaerial, with aphyric rhyolite lava erupting at the
caldera rim and inside it. The age of obsidian lava
flows in the Shirataki area have been estimated
by K—Ar dating as follows: circa 2.24 Ma (+ 0.05)
for the AK lava, circa 2.26 Ma (+ 0.07) for the HY
lava, circa 2.20 Ma (£ 0.11) for the TI lava, and
circa 2.11 Ma (£ 0.05) for the Shikatoride lower
lava (Wada and Sano, 2011). The flow units that
form the monogenetic volcanoes can be classified
into four geochemical groups (TI-A, TI-B, AK-
A, and AK-B), based on their glass composition,
comparing the concentration of FeO* and CaO
(Wada and Sano, 2011).
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Wada and Sano (2011) have outlined 10 flow
units of obsidian lava in Shirataki. However, a
recent geological survey indicates that the AK
summit and upper lava flows are part of a single
unit called AK lava (Wada and Sano, 2016). This
present study follows the description from Wada
and Sano (2016).

Obsidian from TI lava is aphyric and mainly
consists of glass (>97 vol.%). Further, it contains
microphenocrysts of magnetite (0.05-0.1 mm),
microlites of plagioclase (<0.2 mm), oxides (<0.05
mm), rare K-feldspar (<0.05 mm), rare biotite
(<0.01 mm), and plagioclase phenocrysts (0.4—1.0
mm) (Sano et al., 2015). The volume fraction of
rare crystals is less than 1 vol.%. Obsidians from
the AK and HY lavas are composed of mostly
glass (>98 vol.%) and microphenocrysts and
microlites of magnetite (< 0.07 mm) (Wada and
Sano, 2011).

Methods

I constructed an obsidian wafer for the
measurement of magnetic susceptibility. First, I
cut the samples with a rock cutter to create wafers
of different thicknesses, ranging from 2.05 to
23.28 mm (Fig.2). The length, width, and area
of the wafers range from 28.4 to 38.3 mm, from
22.2 to 34.0 mm, and from 724.2 to 1302.2 mm?,
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Fig. 2. Photograph of a representative obsidian
wafer used in this study.
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respectively. Thereafter, | measured the magnetic
susceptibility by using the KT-10v2 magnetic
susceptibility meter (Terraplus Inc.), which has a
sensitivity of 1 x 107 SI and range from 0.001
x 107 ST to 1999.99 x107 SI, along with the
sample thickness by using a digimatic micrometer
(Mitutoyo Corp.). The analytical error for the

digimatic micrometer was 2 um. I conducted

15 analyses on the center of each wafer for the

measurement of magnetic susceptibility.

Results

The results of the measurements of the sample
thickness and magnetic susceptibility are shown

in Tables 1-4. This section summarizes the results

Table 1. Results of the measurements of the thickness (mm) and magnetic susceptibility (SI) of the

samples from the TI lava.

Lava  Thickness Magn.et.ic. Lava  Thickness Magn.et'ic. Lava  Thickness Magn.et.ic'
name [mm] Susceptibility name [mm] Susceptibility name [mm] Susceptibility
[S1] [SI] [SI]
TI 2.74 6.1E-05 TI 7.65 1.9E-04 TI 20.78 4.2E-04
TI 2.75 7.4E-05 TI 7.65 1.9E-04 TI 20.77 4.2E-04
TI 2.75 6.6E-05 TI 7.65 1.9E-04 TI 20.74 3.6E-04
TI 2.75 6.8E-05 TI 7.64 2.1E-04 TI 20.77 3.6E-04
TI 2.76 7.6E-05 TI 7.66 2.1E-04 TI 20.82 3.5E-04
TI 2.75 7.4E-05 TI 7.64 2.0E-04 TI 20.81 3.9E-04
TI 2.75 6.8E-05 TI 7.65 1.9E-04 TI 20.78 3.9E-04
TI 2.74 8.5E-05 TI 7.64 1.9E-04 TI 20.74 3.7E-04
TI 2.76 7.5E-05 TI 7.64 1.8E-04 TI 20.76 3.4E-04
TI 2.76 7.8E-05 TI 7.64 2.0E-04 TI 20.84 3.8E-04
TI 2.77 7.8E-05 TI 7.65 2.1E-04 TI 20.76 3.7E-04
TI 2.76 7.1E-05 TI 7.64 2.1E-04 TI 20.73 3.9E-04
TI 2.77 7.3E-05 TI 7.64 1.8E-04 TI 20.78 4.0E-04
TI 2.75 7.7E-05 TI 7.66 2.1E-04 TI 20.78 3.7E-04
TI 2.75 8.2E-05 TI 7.64 2.1E-04 TI 20.73 3.8E-04
TI 7.36 1.8E-04 TI 12.13 2.3E-04
TI 7.34 1.7E-04 TI 12.13 2.5E-04
TI 7.36 1.6E-04 TI 12.10 2.2E-04
TI 7.36 1.5E-04 TI 12.11 2.2E-04
TI 7.36 1.7E-04 TI 12.10 2.2E-04
TI 7.36 2.0E-04 TI 12.08 2.4E-04
TI 7.36 1.5E-04 TI 12.12 2.4E-04
TI 7.37 1.8E-04 TI 12.10 2.4E-04
TI 7.37 1.6E-04 TI 12.09 2.1E-04
TI 7.37 1.7E-04 TI 12.13 2.4E-04
TI 7.37 1.8E-04 TI 12.11 2.3E-04
TI 7.37 1.8E-04 TI 12.07 2.4E-04
TI 7.37 1.5E-04 TI 12.11 2.3E-04
TI 7.37 1.9E-04 TI 12.07 2.3E-04
TI 7.37 1.6E-04 TI 12.10 2.3E-04
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for the obsidian from each lava flow.
TI lava

Table 1 shows the analytical results for the TI
lava. The thickness of the obsidian samples ranged
from 2.74 to 20.84 mm, whereas the magnetic
susceptibility ranged from 6.1 x 107 to 4.2 x
10 SI, depending on the thickness of the wafer
(Table 1). The solid red circles in Fig. 3 show the
analytical results for the TI lava. The bold red
line corresponds to the regression line (y = 1.95
x 107°x, R? = 0.98) obtained for all the analytical
results (Fig. 3).

AK lava (Hachigosawa outcrop)

Table 2 shows the analytical results for the AK
lava from the Hachigosawa outcrop. The thickness
of the obsidian wafers ranged from 2.52 to 13.78
mm, whereas the magnetic susceptibility ranged
from 3.3 x 107 to 1.6 x 10~ SI, depending on the
thickness of the wafer (Table 2). The solid orange
squares in Fig. 3 show the analytical results for
the AK lava from the Hachigosawa outcrop. The
bold orange line corresponds to the regression line
(y = 1.14 x 103x, R? = 0.98) obtained for all the
analytical results (Fig. 3).

AK lava (Kyukanosawa outcrop)

Table 3 shows the analytical results for the
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Fig. 3. Measurements of the thickness (mm) and magnetic susceptibility (SI) of the samples from the TI,
AK, and HY lavas. The regression line for each analysis is also shown. The bold line corresponds to the
regression line including all the measurement results, and the dashed line corresponds to the regression
line including the results for the samples under 12-mm thickness in the HY lava.
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AK lava from the Kyukanosawa outcrop. The
thickness of the obsidian wafers ranged from 3.48
to 9.96 mm, whereas the magnetic susceptibility
ranged from 8.7 x 10 to 2.1 x 10*SI, depending
on the thickness of the wafer (Table 2). The solid
green squares in Figure 3 show the analytical
results for the AK lava from the Kyukanosawa
outcrop. The bold green line corresponds to the
regression line (y = 2.19 x 103x, R? = 0.98)
obtained for all the analytical results (Fig. 3).
HY lava

Table 4 shows the analytical results for the HY
lava. The thickness of the obsidian wafers ranged
from 2.05 to 23.28 mm, whereas the magnetic
susceptibility ranged from 1.9 x 10* to 7.3 X
10 SI, depending on the thickness of the wafer
(Table 4). The solid blue rhomboids in Fig. 3
show the analytical results for the HY lava. The
bold black line corresponds to the regression line
(y = 3.58 x 107°x, R? = 0.83) obtained for all the
analytical results, and the dashed line corresponds
to the regression line (y = 6.13 x 107°x, R?=0.92)
including the results for samples less than 12-mm
thickness (Fig. 3) in the HY lava.

Discussion

This section summarizes how the measurement
results relate to the characteristics of each type
of lava. Overall, although the results of HY lava
exhibited a peak in the magnetic susceptibility
for thickness over 11 mm (Fig. 3), the HY
lava exhibited the highest values of magnetic
susceptibility among the samples I analyzed
(Fig. 3). This peak could be because the sample
thickness is beyond the range of the analytical
depth for magnetic susceptibility. This implies that
the samples have boundary thickness to make the
magnetic susceptibility constant. This study calls
that boundary thickness as the effective thickness.
The results indicate that the effective thickness for
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the HY lava is between 5 and 11 mm.

The dashed regression line obtained for
samples below 12-mm thickness reveals a good
correlation between the sample thickness and
magnetic susceptibility. To identify the source, it
is important to determine the effective thickness
of the targeted samples.

Results for the AK lava from the Hachigosawa
and Kyukanosawa outcrops exhibited different
trends for magnetic susceptibility, although they
were based on the same lava flow (Figs. 1 and 3).
In other words, some heterogeneity in magnetic
susceptibility was found within a single lava flow.
Based on this study, a sample with low magnetic
susceptibility that ranges from 3.3 x 10 to 1.6 x
10 SI could be considered to be originated from
the AK lava. However, a more in-depth study of
the overlapping range of magnetic susceptibility
is necessary to understand the heterogeneity in
magnetic susceptibility within single obsidian
lava flows.

In this study, I used the obsidian wafer which
has a flat surface. However, obsidian tools found
in remains sometimes have an irregular surface.
For accurate source identification, it is better to
adopt the flat surface of tools, and further research
is necessary to reveal the relationship between
magnetic susceptibility and the morphology of the
analyzed surface.

Texture of obsidian from Shirataki

Magnetic susceptibility depends on the texture
of the rock, especially its number density, size,
and the morphology of the magnetic minerals.
The number density of magnetite in obsidian from
the Shirataki area was reported by both Wada and
Sano (2011) and Sano et al. (2015). The microlite
number density (Nv number/m?®), in particular,
was calculated from the number of crystals and
the measured volume. The Nv values for Shirataki
obsidian were 5.0 x 10°-7.9 x 10" /m’ for the
TI lava, 1.0 x 10%-1.0 x 10" /m? for the AK lava
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Table 2. Results of the measurements of the
thickness (mm) and magnetic susceptibility (SI)
of the samples from the AK lava (Hachigosawa
outcrop).

Table 3. Results of the measurements of the
thickness (mm) and magnetic susceptibility (SI)
of the samples from the AK lava (Kyukanosawa
outcrop).

Lava Thickness Magn‘e Ilc Lava Thickness Magn? m Lava Thickness Magn? tlc Lava Thickness Magn.etﬁci
name [mm] Susceptibility name [mm] Susceptibility name [mm] Susceptibility name [mm] Susceptibility
[S1] [S1] [ST] [ST]

AK 2.54 3.5E-05 AK 7.27 1.1E-04 AK 3.48 9.0E-05 AK 9.93 2.1E-04
AK 2.55 3.7E-05 AK 729 1.0E-04 AK 3.48 9.2E-05 AK 9.94 2.0E-04
AK 2.54 3.7E-05 AK 7.30 8.9E-05 AK 3.49 9.8E-05 AK 9.92 1.9E-04
AK 2.52 3.4E-05 AK 7.28 9.9E-05 AK 3.50 1.0E-04 AK 9.93 2.0E-04
AK 2.52 3.6E-05 AK 725 1.1E-04 AK 3.51 9.3E-05 AK 9.93 2.1E-04
AK 2.53 3.9E-05 AK 7.28 9.6E-05 AK 3.51 9.4E-05 AK 9.93 2.1E-04
AK 2.54 3.7E-05 AK 727 1.1E-04 AK 3.50 9.1E-05 AK 9.92 2.1E-04
AK 2.55 3.8E-05 AK 727 1.1E-04 AK 3.49 9.5E-05 AK 9.96 2.0E-04
AK 2.52 3.3E-05 AK 7.28 9.5E-05 AK 3.49 9.2E-05 AK 9.95 2.0E-04
AK 2.53 3.3E-05 AK 725 1.0E-04 AK 3.49 9.0E-05 AK 9.93 2.0E-04
AK 2.54 3.7E-05 AK 729 8.6E-05 AK 3.49 8.8E-05 AK 9.95 2.0E-04
AK 2.54 3.9E-05 AK 727 1.1E-04 AK 3.49 8.7E-05 AK 9.94 2.1E-04
AK 2.53 3.5E-05 AK 731 1.0E-04 AK 3.50 9.9E-05 AK 9.95 2.0E-04
AK 2.58 3.7E-05 AK 729 9.3E-05 AK 3.50 9.1E-05 AK 9.89 2.1E-04
AK 2.53 3.6E-05 AK 7.25 1.0E-04 AK 3.50 9.8E-05 AK 9.89 2.1E-04
AK 5.05 6.8E-05 AK 13.76 1.4E-04 AK 6.76 1.6E-04

AK 5.08 6.4E-05 AK 13.77 1.4E-04 AK 6.77 1.6E-04

AK 5.08 6.4E-05 AK 13.76 1.4E-04 AK 6.74 1.7E-04

AK 5.08 6.9E-05 AK 13.76 1.4E-04 AK 6.78 1.8E-04

AK 5.09 6.1E-05 AK 13.76 1.5E-04 AK 6.75 1.5E-04

AK 5.05 6.2E-05 AK 13.78 1.5E-04 AK 6.74 1.5E-04

AK 5.13 7.3E-05 AK 13.77 1.3E-04 AK 6.78 1.7E-04

AK 5.10 6.9E-05 AK 13.75 1.3E-04 AK 6.75 1.6E-04

AK 5.11 6.3E-05 AK 13.77 1.4E-04 AK 6.77 1.7E-04

AK 5.10 6.7E-05 AK 13.76 1.5E-04 AK 6.77 1.7E-04

AK 5.10 6.7E-05 AK 13.76 1.6E-04 AK 6.76 1.6E-04

AK 5.08 7.3E-05 AK 13.76 1.4E-04 AK 6.78 1.7E-04

AK 5.09 6.3E-05 AK 13.76 1.4E-04 AK 6.78 1.6E-04

AK 5.10 6.9E-05 AK 13.75 1.5E-04 AK 6.76 1.5E-04

AK 5.09 6.7E-05 AK 13.75 1.5E-04 AK 6.79 1.5E-04

from the Hachigosawa outcrop, 1.1 x 10-1.8 x
10" /m® for the AK lava from the Kyukanosawa
outcrop, and 4.5 x 10"*~1.2 x 10" /m® for the HY
lava (Wada and Sano, 2011; Sano et al., 2015).
Based on the results of magnetic susceptibility
and reports regarding the number density, it is
difficult to explain the difference in magnetic
susceptibility based only on the difference in the
number density, as the values of number density
overlap among the lava flows.

For example, the magnetite in the obsidian of
the TI lava is dominantly acicular in morphology
and has an aspect ratio (length/width) that
ranges from 1 to 50. In contrast, the obsidian of
the HY lava from the Ajisainotaki outcrop has

an aspect ratio, which ranges from 1 to 15. The
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size and morphology of magnetite has variations
(Wada and Sano, 2011). Wada and Sano (2011)
present microphotographs of these variable
magnetites and report that magnetite in obsidian
from different outcrops within the same lava
flow can vary in morphology, including either
Although

further investigation is necessary to reveal the

euhedral or bead-like magnetite.

relationship between magnetic susceptibility
and the texture of rocks, this heterogeneity in
magnetite morphology could explain the different
magnetic susceptibilities found in this study. To
reach a better understanding of the relationship
between magnetic susceptibility and rock texture,
it is important to consider not only the number

density but also the size and morphology of the
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Table 4. Results of the measurements of the
thickness (mm) and magnetic susceptibility (SI)
of the samples from the HY lava.

Lava Thickness Magnfe tlc Lava Thickness Magn.et%cA
name [mm] Susceptibility name ] Susceptibility
[S1] [S1]
HY 2.07 2.0E-04 HY 11.29 6.1E-04
HY 2.06 2.1E-04 HY 11.28 6.4E-04
HY 2.05 2.1E-04 HY 11.29 7.0E-04
HY 2.06 2.2E-04 HY 11.29 6.4E-04
HY 2.06 2.1E-04 HY 11.29 6.6E-04
HY 2.06 2.1E-04 HY 11.29 7.3E-04
HY 2.06 1.9E-04 HY 11.30 5.1E-04
HY 2.06 2.0E-04 HY 11.29 4.8E-04
HY 2.06 1.9E-04 HY 11.32 6.2E-04
HY 2.06 2.1E-04 HY 11.30 5.8E-04
HY 2.05 2.1E-04 HY 11.31 6.3E-04
HY 2.05 2.2E-04 HY 11.29 6.3E-04
HY 2.06 2.2E-04 HY 11.30 5.9E-04
HY 2.05 2.3E-04 HY 11.29 5.1E-04
HY 2.05 2.1E-04 HY 11.27 5.6E-04
HY 4.69 4.8E-04 HY 23.23 6.2E-04
HY 4.70 4.7E-04 HY 23.21 7.3E-04
HY 4.69 4.9E-04 HY 2322 5.8E-04
HY 4.67 4.3E-04 HY 23.16 7.2E-04
HY 4.68 4.3E-04 HY 23.19 6.9E-04
HY 4.70 4.3E-04 HY 23.28 6.2E-04
HY 4.70 4.8E-04 HY 2322 6.7E-04
HY 4.66 4.7E-04 HY 23.24 6.1E-04
HY 4.69 4.9E-04 HY 23.14 6.5E-04
HY 4.68 4.9E-04 HY 23.16 6.7E-04
HY 4.71 4.8E-04 HY 23.20 7.1E-04
HY 4.75 4.8E-04 HY 23.23 6.6E-04
HY 4.67 4.0E-04 HY 23.18 6.1E-04
HY 4.69 3.9E-04 HY 23.17 6.8E-04
HY 4.73 4.9E-04 HY 23.17 7.2E-04
minerals.
Conclusion

In this study, I provide the data of the magnetic
susceptibility and thickness for obsidian from
Shirataki, Hokkaido, Japan. Heterogeneity in
magnetic susceptibility within a single lava
flow was observed in the AK lava, although
these samples exhibited a lower value of
magnetic susceptibility compared with the HY
lava. Analytical results revealed that the HY
lava exhibited the highest value of magnetic
susceptibility among the analyzed samples and
obsidian from this lava could be identified by

magnetic susceptibility.
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