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Abstract

The Ohnuma Moor in the eastern part of the Chugoku Mountains, western Japan, is located about 80 km 
west of Daisen Volcano and more than 100 km west of Sambe Volcano.  The moor has thick sediments more 
than 63 m that are composed of peat and organic clay and clay above about 17 m in depth, and of coarser silt, 
sand and gravels below.  The finer part contains four tephra layers of Kikai-Akahoya Volcanic Ash Beds (K-
Ah), Daisen-Misen Pumice Beds (MsP), Daisen Shitano-hoki Volcanic Ash Beds (Sh), and Aira-Tanzawa 
Volcanic Ash Beds (AT) in descending stratigraphic order.  Two volcanic ash layers are newly found in the 
finer sediments between K-Ah and MsP, and below AT.  Based on the petrographic characteristics of the newly 
found two tephras, the upper and lower tephra layers are correlated with the upper fall unit of the  
Sambe Ukinuno Pumice Beds (SUk) and the Daisen Nise-hoki Volcanic Ash Beds (Nh), respectively.  The 
eruptive ages of five tephra layers except for K-Ah are estimated using the 28 available Accelerate Mass 
Spectrometric 14C (AMS-14C) dates obtained from the moor deposits above 17 m in depth, with the assumption 
of a constant sedimentation rate between the dated horizons.  The resultant estimated eruption ages of SUk, 
MsP, Sh, AT, and Nh are 16,740±160, 24,010±150, 24,370±120, 24,830±90, and 35,650±200 y BP, 
respectively.  The estimated ages agree well with previous results, although the eruption age of MsP is 5,300 to 
8,200 years older than the previous estimation of 16,000 to 18,500 y BP.  This may result from the mismatching 
of tephra correlation and/or the effect of modern carbon contaminating into the materials used for the 14C-age 
determination in the previous studies.
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Introduction

Pliocene to middle Pleistocene volcanoes such as 
Mt . Hach ibuse , Mt . To rokawasen , and Mt . 
Hyonosen are located in the eastern part of the 
Chugoku Mountains, northern Hyogo Prefecture 
(Furuyama et al., 1993; Sakiyama et al., 1995).  In 
the volcanic fields, there are some highland marshes 
and moors like the Ohnuma, Konuma, Kosenuma, 
Sugigasawa, and Kahosaka Moors.  The Ohnuma 
Moor (N35º24´28˝, E134º32´36˝) with an area of 
about 2 ha is located at Muraoka, Kami Town (Fig. 
1), and is the largest raised mire in this prefecture 
(Takenaka and Koj ima , 1987) .  The moor i s 
surrounded by a landslide slope at the west side and 
by landslide blocks at other three sides.  It has a 
gourd-shaped outline and the lowest part of the 
moor surface is about 810 m in altitude.  This moor 
originates from the buried depression caused by the 
large-scale landslide on the northeastern slope of Mt. 
Hachibuse before at least 30,000 y BP (Katoh et al.,
2006), and the present raised mire have started to be 
formed since about 10,000 y BP (Miyoshi and 
Yano, 1986).

The northwestern part of Hyogo Prefecture is 
covered with Pleistocene tephra layers erupted from 
Daisen Volcano about 80 km west of the area, along 

with the widespread tephra layers l ike Kikai-
Akahoya (K-Ah: Machida and Arai, 1978) and Aira-
Tanzwa (AT: Machida and Arai, 1976) Volcanic 
Ash Beds derived from calderas in southern Kyushu 
(Katoh et al., 2001).  At the eastern foot of Daisen 
Volcano, Shitano-hoki Volcanic Ash Beds (Sh), 
Odori Pyroclastic Flow Deposits (Od), Ueno-hoki 
Volcanic Ash Beds (Uh), Daisen Misen Pumice 
Beds (MsP), in ascending stratigraphic order, have 
been recognized in the Daisen Upper Volcanic Ash 
Formation above the AT horizon (Machida and Arai, 
1979; Tsukui, 1984; Okada and Ishiga, 2000).  
Among these tephra layers, Sh and MsP were newly 
identified in the moor sediments at Ohnuma Moor in 
addition to the already found K-Ah and AT (Katoh 
et al., 2006).

We have taken five sediment cores drilled at 
Ohnuma Moor in 2002 and 2003 to determine late 
Pleistocene paleoenvironmental changes in and 
around the moor.  In the five cores, we have newly 
recognized two volcanic ash layers as well as K-Ah, 
MsP, Sh, and AT.  In the present paper, we describe 
t he s t r a t i g r aph i c pos i t i ons , l i t ho logy , and 
petrographic properties of the two ash beds and 
correlate them with the Daisen Nise-hoki Volcanic 
Ash Beds (Nh: Okada and Tanimoto, 1986) and the 
upper fall unit of the Sambe Ukinuno Pumice Beds 

Figure 1. Localities of the Ohnuma Moor in the eastern part of the Chugoku Mountains, and of Daisen and Sambe Volcanoes

Loc.1 (Shimofukuda) is one of the type stratigraphic sections of the Daisen Upper Volcanic Ash Formation.  A diamond in Lake 

Biwa indicates a locality of the Takashima-Oki boring site (Yoshikawa and Inouchi, 1991; 1993).
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(SUk: Machida and Arai, 1992), the latter of which 
is also ascribed to the Sakate Volcanic Ash Beds 
(Sakate: Yoshikawa et al., 1986) previously known 
as a widespread tephra layer in the northern and 
central Kinki District, western Japan (Machida and 
Arai, 1992).  We also determine the eruption ages of 
the five tephra layers except for K-Ah on the basis 
of the 28 available Accelerate Mass Spectrometric 
14C (AMS-14C) da t e s ob t a ined f rom the co re 
sediments at Ohnuma Moor.

Age determination of the late Pleistocene tephra 
layers from Daisen and Sambe Volcanoes has been 
applied to proximal pyroclast ic-flow deposits 
(Matsui and Inoue, 1970; Hattori et al., 1983; Miura 
and Hayashi, 1991; Fukuoka, 2005) and distal tephra 
layers in peat or organic clay sediments (Nomura 
and Tanaka, 1986; Nomura et al., 1995; Katoh et 
al., 1996).  However, the estimated eruption ages 
are slightly or in cases largely different among these 
studies.  Moreover, the eruption ages of Nh and Sh 
have never been clarified.  We determine more 
precise eruption ages of Nh, Sh, MsP, and SUk in 
the present paper and demonstrate the tephro-
chronological implications of moor sediments.

Lithology and Stratigraphy 
of the Core Sediments

According to Katoh et al. (2006), the sediments 
thicker than 30 m underlie the Ohnuma Moor, but 
they exceed 60 m at the central part of the moor 
having the largest width.  Around the center, we 
obtained five all-core sediments named the OB-1 to 
OB-5 from November 10 to December 5 in 2002 
and from June 5 to 12 in 2003 (Fig. 2).  The OB-1
core recovered 24.20 m thick sediments rather close 
to the western landslide slope, whereas the OB-2 to 
OB-5 cores were drilled nearly at the moor center 
about 10 m northeast of the OB-1 drilling site.  The 
OB-2 was cored up to 63.00 m in depth but could 
not reach to the basement andesitic rocks.  The 
remainders were taken by the newly developed 
or ien ted sampl ing method (Katoh , 2005) , to 
determine the paleomagnetic secular variation of the 
finer sediments.  The OB-3 and OB-4 cores were 
sampled at sites about 1 m east of the OB-2 site and 
the OB-5 core was taken about 1 m west of the OB-
2 site.  The sediments of the OB-3 and OB-5 cores 
were continuously sampled from 4.50 to 16.68 m 
and form 3.90 to 4.93 m in depth, respectively.  The 

OB-4 core in termit tent ly recovered the moor 
sediments form 3.87 to 5.28 m, 6.00 to 7.07 m, and 
10.00 to 10.80 m in depth.

Detailed lithology of the five core sediments are 
given in Table 1.  The core sediments at Ohnuma 
Moor a r e l a rge ly d iv ided i n to s even 
l i thos t ra t ig raph ic un i t s o f Unit I t o VII , i n 
de scend ing o rde r (Tab l e 1 and F ig . 2 ) . 
Unit I: Weakly and rarely decomposed peat toward 
3.0-m depth intercalates a gray to brown volcanic 
ash layer (K-Ah) at the horizon from 2.65 to 2.88 m 
in the OB-1.  In the OB-2 core, a lot of glass shards 
characteristic of K-Ah appear in the peat between 
2.95 and 2.68 m in depth, but detection of its 
accurate fallout horizon is impossible.  Many wood 
trunks are contained at some horizons especially 
from 1.0 to 1.5 m and just above and below the K-
Ah.
Unit II: Dark gray to dark brownish gray organic 
c l ay, c l ay, and s i l ty c l ay beds compr i se the 
columnar parts from 3.0 to 9.0 m in depth (9.28 m 
in the OB-1), with strongly decomposed peat or 
peaty clay layers between 8.0 and 9.0 m.  In this 
part, whitish gray volcanic ash beds of AT are 
intercalated between 7.0 and 7.4 m in depth and 
followed upward by the upper light grayish brown 
or whitish gray and lower whitish gray or pinkish 
white fine pumice beds less than 20 cm thick within 
the deposits between 6.5 and 7.0 m.  The two 
pumice beds have been correlated with Sh and MsP 
of the Daisen Upper Volcanic Ash Formation in 
ascending stratigraphic order (Katoh et al., 2006).  
In the OB-1 core, two gravel beds less than 25 cm 
thick are intercalated between 4.8 and 5.8 m.
Unit III: Dark brown, brown or light brown clay 
beds underlying the Unit II are up to 13.0-m depth 
(up to 12.45 m in the OB-1).  It sparsely contains 
plant fragments of wood, cones, and leaves, and 
includes a few angular pebble to granule sized 
andesitic clasts at around 11.7 m in the OB-3 core.
Unit IV: Dark to light brown clay and silty clay 
beds with a few plant fragments continue toward 
17.0-m depth in the OB-2 and OB-3 cores.  The 
corresponding unit of the OB-1 core from 12.45 to 
15.75 m consists mainly of silty and sandy clay with 
some thin sand and gravel layers, and very few 
plant fragments.  The fourth unit contains more 
angular pebble to granule sized andesitic clasts at 
some horizons compared to the above unit III.
Unit V: The moor sediments between 16.95 and 
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Figure 2. Geologic columnar sections of the five core sediments taken at the Ohnuma Moor with AMS-14C dates and correlated 

tephra layers

Tephra names and their abbreviations are after Machida and Arai (2003) for K-Ah, SUk, and AT, and after Okada and Ishiga 

(2000) for MsP, Sh, and Nh.  K-Ah: Kikai-Akahoya Volcanic Ash Beds, SUk: Sambe-Ukinuno Volcanic Ash Beds, MsP: Daisen-

Misen Pumice Beds, Sh: Daisen Shitano-hoki Volcanic Ash Beds, AT: Aira-Tanzawa Volcanic Ash Beds, Nh: Daisen Nise-hoki 

Volcanic Ash Beds.
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23.20 m in the OB-2 core are composed of the 
c layey sand beds inc lud ing many weathered 
andesitic gravels and of the sandy clay matrix-
supported andesitic gravels.  Alternating beds of 
weathered andesitic gravel and dark bluish gray 
clayey sand dominate in the corresponding unit from 
15.75 to 20.00 m in the OB-1 core.
Unit VI: This unit corresponds to the part below 
20.00 m in the OB-1 and from 23.20 to 58.10 m in 
the OB-2, and is composed mainly of the sandy clay 
matrix-supported weathered andesitic gravels.

Unit VII: In the OB-2 core, the lowest unit from 
58.10 to 63.00 m in depth is a weakly to moderately 
consolidated, and consists of gray to bluish gray 
sandy clay layer with some thin dark brown organic 
seams.  The sandy clay also contains pebble to 
granule s ized weathered andesi t ic c lasts less 
frequently than in the Units V and VI.

Two tephra layers are newly recognized in the 
core sediments shallower than 17.0 m in addition to 
K-Ah, MsP, Sh, and AT (Fig. 2).  Two light gray or 
gray fine-grained volcanic ash beds (tentatively 

Table 1. Lithology of the five drilling cores at Ohnuma Moor in the eastern part of the Chugoku Mountains, western Japan (OB-3 

to OB-5 cores).
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named ON-1 and ON-4) a re con ta ined a t t he 
horizons between 4.13 and 4.18 m of the OB-1 core 
and between 4.68 and 4.70 m of the OB-4 core, 
respectively (Table 1 and Fig. 2).  The ash beds are 
rich in crystals including some phenocrysts up to 1 
mm in diameter of feldspar, green hornblende, and 
biotite.  Two volcanic ash layers of about 2 cm 
thick are independently recognized in the OB-2 and 

OB-3 cores from 12.6 to 12.7 m in depth, and 
tentatively named ON-2 and ON-3 (Fig. 2).  These 
layers are densely condensed with whitish gray very 
fine pumice and highly rich in green hornblende 
crystals.  The ON-3 ash layer can be interpreted as 
an almost primary air-fall volcanic ash layer based 
on the distinct boundaries between the upper and 
lower clay beds.

Table 1. (continued) Lithology of the five drilling cores at Ohnuma Moor in the eastern part of the Chugoku Mountains, western 

Japan (OB-2 core).
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Table 1. (continued) Lithology of the five drilling cores at Ohnuma Moor in the eastern part of the Chugoku Mountains, 

western Japan (OB-1 core).
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Table 2. AMS-14C dates obtained for the Ohnuma Moor sediments.
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Methods and Results

Accelerate Mass Spectrometric 14C (AMS-14C)
dating

Plant fragments of wood trunks, leaves, roots, 
cones and nuts, and peat were carefully sampled 
from the core sediments of OB-1 to OB-5 taken at 
t he Ohnuma Moor fo r Acce l e r a t e Mass 
Spectrometric 14C (AMS-14C) dating.  The AMS-14C
dates of the mater ia ls were measured for 32 
horizons of the OB-2 to OB-5 cores using the Tande-
II accelerate mass spectrometer at the Center for 
Chronological Research, Nagoya University (Table 2 
and Fig . 2) .  In the OB-2 core , two AMS-14C
samples form the sediments of 10.00 m and 12.40 m 
in depth were processed by the Paleo Labo Co., Ltd. 
Six AMS-14C dates of the samples in the OB-1 core 
were determined by Beta Analytic Inc. or Institute 
of Accelerator Analysis Ltd.  These AMS-14C ages 
were corrected for δ13C isotopic fractionation.  All 
the conventional radiocarbon ages were calibrated to 
calendar ages (cal. BP) using CalPalA-University of 
Cologne Radiocarbon Calibration Program Package 
(http:// www.calpal.de).

Petrographic Properties of
newly found tephra layers

Petrographic properties such as grain and heavy 
mineral compositions and classification of glass 
shard morphology, were analyzed for the ON-1 to 
ON-4 volcanic ash layers following Katoh et al.
(2001).  Morphological types of glass shards were 
classified into H-, C-, T-types, and other types based 
on the criteria proposed by Yoshikawa (1976).  
Refractive indices of volcanic glass shards and 
heavy mineral phenocrysts were measured using the 
Refractive Index Measuring System (RIMS) 86 or 
RIMS 2000 (Danhara et al., 1992) according to 
Danha ra (1993 ) and Kama ta e t a l . ( 1994 ) .  
Refractive indices of more than 30 grains were 
de t e rmined fo r g l a s s sha rd s (n ) and fo r 
o r t hopy roxene (γ) , ho rnb l ende (n2) , and 
cummingtonite (n2).  Errors in measurement are 
estimated to be ±0.0002 for glass shards and ±
0.0005 for heavy and light minerals (Danhara, 
1993) .  We descr ibe be low the pe t rographic 
properties of four tephra layers from ON-1 to ON-4 
(Table 3 and Fig. 3).

In addition to the visible tephra layers of ON-1
to ON-4, we define the volcanic ash horizons 
corresponding to the ON-1 and ON-4 volcanic ash 
layers in the OB-2, OB-3, and OB-5 cores.  A 
sediment sample of dry weight of 2 to 3 g was 
taken at a given interval from 4.54 to 4.99 m in the 
OB-2, from 4.54 to 5.02 m in the OB-3, and from 
4.02 to 4.93 m in the OB-5 core.  It was washed in 
an ultrasonic bus and then sieved to obtain a sand 
fraction.  The sand fraction was dried at 60℃ for 6 
hours to measure the weight, and calculated the 
weight percent of the sand fraction to the total dry 
weight.  Grain and heavy mineral compositions, and 
morphology of contained glass shards were also 
analyzed through the same procedures as used for 
the visible tephra layers.

1) ON-1 (4.13-4.18 m in the OB-1 core, 5 cm 
thick) and ON-4 (4.68-4.70 m in the OB-4 core, 2 
cm thick)

These light gray or gray fine-grained volcanic 
ash beds mainly consist of light mineral phenocrysts, 
volcanic glass shards, and glassy pumiceous rock 
fragments with around 10 % heavy mineral grains.  
A few quartz grains are included in the l ight 
minerals.  Clear T-type glass shards and some other 
type shards are dominant.  Contained are a small 
amount of H-type shards but they are considered to 
be derived from AT.  Pale-gray to pale-brown 
blocky glass shards that sometimes include microlite 
crystals of feldspar, quartz, and heavy minerals are 
richest in other type shards.  Pale-brown or brown 
very fine-bubbled shards are also common in other 
types and include microlite crystals.  Refractive 
indices (n) of the clear T-type and other type glass 
shards in ON-1 and those of the clear T-type glass 
shards in ON-4 are 1.498-1.500 (mode: 1.499) and 
1.496-1.501 (1.499), respectively.  Heavy minerals 
are mostly composed of green hornblende (77 - 78.5 
%), cummingtonite (7.5 - 8.5 %), and opaque 
minerals (7 - 8.5 %), and include apatite, biotite, 
brown hornblende, and orthopyroxene crystals less 
than 5 % each.  In On-4, refractive index (n2) of 
most of green hornblende grains is 1.672-1.680 
(1.675-1.676), although very few green or pale-
brown hornblende crystals have higher refractive 
index of 1.687-1691.  Glass shard fragments often 
stick on the green hornblende phenocrysts in both 
ashes, while the other hornblende crystals have no 
glass shard cover.  Cummingtonite phenocrysts are 
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mostly with glass fragments and show the refractive 
index (n2) of 1.661-1.667 (1.663) in the ON-4
sample.

Based on the vertical changes in the weight 
percents of sand fractions, grain and heavy mineral 

compositions, and glass shard morphology of the 
OB-2, OB-3, and OB-5 core sediments, a volcanic 
horizon corresponding to ON-1 and ON-4 can be 
de tec ted a t 4 .79 , 4 .70 , and 4 .72 m in depth , 
respectively (Fig. 4).  At these horizons, the sand 

Figure 3. Distributions of refractive indices of volcanic glass shards, and of orthopyroxene, green hornblende, and cummingtonite 

phenocrysts for two tephra layers newly found in the Ohnuma Moor sediments and the Nh samples taken at Shimofukuda south of 

Daisen Volcano.
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fractions of sediment samples rapidly increase to 
more than 2.4 wt %, which is 4 to 30 times higher 
than just below the horizons.  Green hornblende and 
cummingtonite grains also largely increase in the 

heavy minerals.  More than 2 % of quartz grains 
appear as light minerals.  H-type glass shards are 
dominant below these levels, while T-type and other 
type shards become rich in the above sediments.  

Figure 4. Vertical changes in grain and heavy mineral compositions, glass shard morphology, and weight percents of sand grains in 

the OB-2, OB-3, and OB-5 cores showing the volcanic ash horizons corresponding to ON-1 and ON-4.

See Table 3 for legends of grain and heavy mineral compositions and types of glass shard morphology.
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All evidences indicate the deposition of a volcanic 
ash layer a t these hor izons pe t rographica l ly 
corresponding to ON-1 and ON-4.

2) ON-2 (12.66-12.68 m in the OB-2 core, 2 cm 
thick) and ON-3 (12.64-12.66 m in the OB-3 core, 
2 cm thick)

These two tephra layers are correlated each other 
because of their good similarity in petrographic 
characteristics and stratigraphic positions in both 
core sediments.  They are composed of light mineral 
grains and glassy rock fragments (> 90 %), with less 
than 10 % heavy minerals.  In ON-2, volcanic glass 
shards are less than 1 % within all counted grains, 
and comprise clear H- and T-types, and pale-brown 
or brown other type shards.  Very rare glass shards 
in ON-3 are mostly composed of colored other type 
shards.  Glass shards of both tephra layers show 
very concordant refractive indices (n) of 1.494-1.501 
(1.499) for ON-2 and 1.492-1.502 (1.500) for ON-3. 
Heavy mineral composi t ions are a lso s imilar 
between the two samples.  Green hornblende 
phenocryst (> 70 %) is the commonest in the heavy 
minerals.  Orthopyroxene crystals (5-20 %) are 
common, and accompanied with a few opaque 
minerals, apatite, biotite, and cummingtonite crystals 
less than 5 % each, and rare brown hornblende, 
clinopyroxene, and zircon grains (at most 1 % each). 
More than half of green hornblende grains have 
original shapes with small fragments of glass shard 
or glassy rock, but most orthopyroxene crystals are 
weathered to be rounded or to have milled edges.  
There are some green hornblende grains joining with 
cummingtonite crystals.  As these grains are counted 
twice as individual minerals, the ratios of green 
hornblende to cummingtonite crystals are 9.0 (90 to 
10 ) i n ON-2 , and 15 .7 (94 t o 6 ) i n ON-3 .  
Refractive index (γ) of orthopyroxene crystals has 
a very wide range (Fig. 3).  Many crystals show the 
refractive index ranging in 1.705 and 1.716, and a 
few have the lower refractive index of 1.694-1.703.  
Most of green hornblende grains have refractive 
index (n2) between 1.670 and 1.680 with modes of 
1.679-1.680 in ON-2 and 1.677 in ON-3, but very 
few grains show the higher refractive index of 1.685-
1.695.  Cummingtonite crystals in both tephra layers 
indicate almost same refractive index (n2) of 1.660-
1.665 (1.662).

Discussion

Correlation of newly found tephra layers at 
Ohnuma Moor

1) ON-1 and ON-4 = Sambe Ukinuno Pumice 
Beds (SUk) = Sakate Volcanic Ash Beds (Sakate)

The ON-1 and ON-4 vo l can i c a sh l aye r s 
stratigraphically situated between K-Ah and MsP 
(Fig. 2) show the heavy mineral compositions 
mainly composed of green hornblende with a small 
amount of opaque minerals and cummingtonite 
(Table 3).  In the Kinki District, the Sakate tephra 
(Sakate), a volcanic ash layer between K-Ah and 
AT , was p r ev ious ly known to have such 
petrographic properties (Yoshikawa et al., 1986).  
The Sakate ash beds are correlated with the BT6 
volcanic ash horizon in the Takashima-oki boring 
core (Fig. 1) that was drilled in Lake Biwa and 
included almost all tephra layers fallen in this 
district (Yoshikawa and Inouchi, 1991).  According 
to Yosikawa et al. (1986), the Sakate tephra is 
relatively crystal rich volcanic ash beds with large 
heavy mineral phenocrysts like amphibole and 
biotite existing in patches, and consists mainly of 
light and heavy mineral grains with about 10 % of 
glass shards (Table 3).  A few quartz phenocrysts 
are included in light minerals.  Clear or whitish 
volcanic glass shards are mainly of C- and T-types 
and show the refractive index (n) of 1.498-1.503 
(1.500).  Heavy minerals are mostly composed of 
amphibole grains with a few biotite crystals.  At the 
BT6 volcanic horizon, a percentage of glass shard 
increases to 58 % in the grain composition, and that 
of bioti te grains attains to 16 % in the heavy 
mineral composition (Table 3; Yoshikawa and 
Inouchi, 1991).  Volcanic glass shards are C- and T-
types, and other types with refractive index of 1.498-
1 .501 (1 .498-1 .500 ) .  No d i s t i nc t i on o f 
cummingtonite in amphibole phenocrysts, and no 
data of refractive indices of green hornblende and 
cummingtonite crystals may decrease the accuracy 
in cor re la t ing both tephra layers .  However, 
stratigraphic positions, grain and heavy mineral 
compositions, and morphological characteristics and 
refractive indices of volcanic glass shards, all are 
very similar between ON-1, ON-4, and Sakate 
(Table 3).  We thus conclude that these tephra 
layers can be correlated each other.

The Sakate tephra has been correlated with the 



42 ESTIMATION OF ERUPTIVE AGES OF THE LATE PLEISTOCENE TEPHRA LAYERS DERIVED FROM DAISEN AND SAMBE VOLCANOES

distal deposits of SUk by Machida and Arai (2003). 
Heavy mineral compositions and refractive index of 
glass shards are, however, different among SUk, 
Sakate, and their correlatives described in the 
Chugoku and Kinki Districts (Yoshikawa et al.,
1986; Nomura and Tanaka, 1987; Yoshikawa and 
Inouchi, 1991, 1993; Nomura et al., 1995; Katoh et 
al., 1996).  According to Machida and Arai (2003), 
refractive index of glass shards in SUk is 1.505-
1.507 (1.506).  This value is very higher than that of 
Saka t e (n = 1 .498-1 .503) .  P rev ious s tud i e s 
described that SUk included no cummingtonite 
phenocrysts as heavy minerals (e.g. Machida and 
Arai, 1992).  However, Katoh et al. (1996) found 
the tephra layer petrographically very similar to SUk 
at Kobe City, Hyogo Prefecture, containing a few 
cummingtonite crystals.  They considered that the 
tephra layer was a distal part of the Sambe Ukinuno 
pyroclastic-flow deposits (U1: Matsui and Inoue, 
1971 ) j u s t be low SUk , because o f a f ew 
cummingtonite phenocrysts in the U1.  At contrast, 
Fukuoka and Matsui (2002) revealed that a few 
cummingtonite crystals were also included in the 
matrix of an upper fall-unit of SUk and insisted on 
the correlation of the tephra layer found at Kobe 
City to SUk.

As for ON-1 and ON-4, refractive index of glass 
shards is different from that of SUk (Table 3).  
Refractive indices (n2) of green hornblende and 
cummingtonite crystals of SUk are 1.672-1.678 
(1.675) (Katoh et al., 1996) or 1.671-1.675 (1.673) 
(Mach ida and Ara i , 2003 ) , and 1 .660-1 .665 
(Machida and Arai, 2003), respectively.  Petrograhic 
properties except for refractive index of glass shards 
are thus very similar among ON-1, ON-4, and SUk 
(Tab le 3 ) .  Moreover, Nomura e t a l . ( 1995) 
described that the refractive indices of glass shards 
for the upper and lower fall-units of SUk were 
1.498-1.503 and 1.503-1.507, and suggested the 
lowering of refractive index of glass shards in the 
upper unit.  Accordingly, refractive index of glass 
shards is also concordant among ON-1, ON-4, 
Sakate tephra, and the upper fall-unit of SUk.  In 
these reasons, we conclude that these tephra layers 
c an be co r r e l a t ed each o the r .  Con t en t s o f 
cummingtonite phenocrysts and refractive index of 
glass shards both change in the fall-units of SUk.  
Probably, the upper fall-unit of SUk more widely 
but thinly spread over the central and northern parts 
of the Kinki District, while the lower fall-unit 

deposited thicker in the Chugoku District and in the 
southwestern part of the Kinki District than in the 
former two parts.

2) ON-2 and ON-3 = Daisen Nise-hoki Volcanic 
Ash Beds (Nh)

In the moor deposits at Ohnuma, tephra layers of 
ON-2 and ON-3 are situated below AT (Fig. 2).  In 
and around this moor, the Daisen Sekigane Pumice 
Beds of the Daisen Middle Volcanic Ash Formation 
(DSP: Machida and Arai, 1979) were identified 
below AT (Katoh et al., 2001).  Because of no 
tephra layers recognized in the moor deposits below 
ON-2 and ON-3, these tephra layers are considered 
to be stratigraphically positioned between AT and 
DSP.

We need to note heavy mineral composition of 
ON-2, as this tephra layer is recognized as the 
concentrating horizon of volcanic ash grains that 
includes many detrital mineral grains as outliers.  
Most of orthopyroxene crystals with the higher 
refractive index of 1.705-1.716 are detrital in origin, 
because many similar orthopyroxene crystals are 
contained in the sediments just below and above the 
ON-2 horizon.  Fewer orthopyroxene crystals with 
lower refractive index of 1.694-1.703 are relatively 
less weathered and considered to be of tephra origin. 
On the other hand, green hornblende crystals 
dominating in the heavy minerals show clear 
original shapes, and more than half of the crystals 
have glass shard and/or glassy rock covers.  Thus, 
such hornblende crystals are surely of fallout tephra 
origin.  Cummingtonite crystals were also derived 
from the fallout tephra, because of no existence of 
cummingtonite crystals in the moor sediments 
around the ON-2 horizon and of the occurrence of a 
crystal formed by both green hornblende and 
cumming ton i t e .  Tak ing t he heavy mine ra l 
composit ion of ON-3 showing an almost pure 
volcanic ash layer into account (Table 3), it is likely 
that the original heavy mineral compositions of 
these two tephra layers consist mostly of green 
hornblende phenocrysts with small amount of 
orthopyroxene, opaque mineral, biotite, and apatite 
grains, accompanied with few cummingtonite and 
brown hornblende crystals.  Representative refractive 
indices of these tephra layers are considered to be n 
= 1.494-1.502 (1.499-1.500) for glass shards, and n2

= 1.670-1.686 for green hornblende, n2 = 1.660-
1.665 (1.662) for cummingtonite, and γ= 1.694-
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1.703 for orthopyroxene crystals (Fig. 3).
The Sambe Ikeda tephra (SI: Machida and Arai, 

1992), stratigraphically situated between AT and 
DSP, is distributed in the Kinki District and shows 
the heavy mineral composition dominated by green 
hornblende phenocrysts (Machida and Arai, 2003).  
Thus, this tephra layer is considered to be one of the 
correlative candidates to ON-2 and ON-3.  However, 
SI is dominated by pumiceous type glass shards as 
grains and has the heavy mineral composition rich 
in b io t i t e g ra ins wi thout o r thopyroxene and 
cummingtonite phenocrysts.  Refractive index of 
green hornblende crystals ranges in 1.670 and 1.676 
with a mode of 1.673 (Machida and Arai, 2003).  
These petrographic properties of SI are different 
from those of ON-2 and ON-3, showing impossible 
correlation among them. 

On the other hand in the proximal area of Daisen 
Volcano, Nh is stratigraphically situated between AT 
and Daisen Kurayoshi Pumice Beds (DKP: Machida 
and Arai, 1979) and comprises alternating beds of 
fine pumice, and volcanic sand and ash.  Nh is 
correlative to the Kamogaoka Volcanic Ash Beds 
(KmA) designated by Tsukui (1984) and known 
within an area about 20 km east of Daisen Volcano 
(Okada and Ishiga, 2000).  According to Okada 
(1996) and Okada and Ishiga (2000), heavy minerals 
in Nh are composed mainly of green hornblende 
w i th a sma l l amoun t o f cumming ton i t e , 
orthopyroxene, and opaque minerals.  The ratio of 
orthopyroxene in all heavy mineral phenocrysts is 
the smallest among tephra layers of the Daisen 
Middle and Upper Volcanic Ash Formations.  These 
characteristics are very similar to those of ON-2 and 
ON-3, suggesting their correlation.  Because the 
detailed petrographic properties of Nh have been 
unclear especially for its refractive indices of glass 
shards and heavy mineral crystals, we analyzed such 
p rope r t i e s u s ing t he s amp le s f r om Nh a t 
Shimofukuda (Loc.1 in Fig.1), Hiruzen Village, 
Okayama Prefecture, to confirm the correlation of 
ON-2 and ON-3 wi th Nh fo l lowing the same 
procedure (Table 3 and Fig. 3).

Dominant light minerals including quartz and 10 
to 20 % of glassy rock fragments and heavy mineral 
grains characterize the grain compositions of Nh at 
Shimofukuda.  More than 90 % of glass shards are 
other type shards that consist of blocky shards and 
fragmentary shards sticking to phenocrysts.  At least 

30 % of pumiceous glass shards of T-type are 
included in the lower part of Nh.  Heavy minerals 
are composed mainly of green hornblende (50-70 %) 
with opaque minerals (10-30 %), orthopyroxene 
(<10 %), cummingtonite (<5 %), small amounts of 
biotite, apatite, and brown hornblende, and very few 
clinopyroxene and zircon.  Refractive indices are n 
= 1.494-1.500 (1.498-1.499) for glass shards, γ = 
1 .699-1 .707 (1 .700-1 .703) for or thopyroxene 
phenocrysts.  In the middle part of Nh, green 
hornblende and cummingtonite grains show the 
refractive indices (n2) of 1.672-1.685 (1.675-1.676) 
and 1.659-1.666 (1.662), respectively.  Co-existing 
crystal of green hornblende and cummingtonite is 
also common among ON-2, ON-3, and Nh.  The 
ratios of green hornblende to cummingtonite crystals 
range from 13.4 (93 to 7) to 19.0 (95 to 5) in Nh in 
the case of counting such grains belonging to both 
green hornblende and cummingtonite crystals.

Although slight differences is recognized in 
contents of opaque mineral and cummingtonite 
phenocrysts and in modes of refractive indices of 
orthopyroxene and green hornblende among ON-2, 
ON-3, and Nh, the petrographic properties are 
to ta l ly s imi la r among them, resu l t ing in the 
confirmation of their correlation.  Accordingly, we 
conclude that Nh is distributed at Ohnuma Moor 
abou t 80 km ea s t o f Da i s en Vo lcano .  Th i s 
conclusion contradicts previous studies that the 
distribution area of Nh was limited to about 20 km 
eastward from Daisen Volcano (e.g. Okada and 
I sh iga , 2000 ) .  Howeve r , mos t o f t he l a t e 
Pleistocene tephra layers erupted from Daisen 
Vo lcano l i ke DKP and DSP have e longa t e 
distribution areas stretching eastwards (Okada and 
Ishiga, 2000; Machida and Arai, 2003).  It is likely 
that Nh also has a similar distribution area with a 
long axis just going through the Ohnuma Moor. 

Estimation of the eruption ages of five tephra 
layers at Ohnuma Moor based on AMS-14C dates

As the results of tephra correlation in the present 
paper and Katoh et al. (2006), six tephra layers 
included in the finer sediments about 17-m thick at 
the Ohnuma Moor were correlated with K-Ah, SUk, 
MsP, Sh, AT, and Nh in descending stratigraphic 
order.  There was no age estimation of the tephra 
layers except for K-Ah and AT based on the precise 
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AMS-14C dating.  We also obtained stratigraphically 
concordant AMS-14C ages from the same sediments 
(Table 2 and Fig. 2) that permit the estimation of 
eruption ages of SUk, MsP, Sh, and Nh.  In addition 
to these tephra layers, we determine the eruption age 
of AT and compare it with the previous precise age 
estimation (Matsumoto et al., 1987; Murayama et 
al., 1993; Miyairi et al., 2004) to asses our results.

We fi r s t made the age-depth model o f the 
sediments at the center of the Ohnuma Moor using 
34 AMS-14C dates form the OB-2 to OB-5 cores 
(Fig. 5).  Because of the detection of SUk in the 
four cores, we established the composite section of 
the moor deposits based on the lower boundary of 
this tephra layer (OB-4) and the correlative volcanic 
ash horizons (OB-2, OB-3, and OB-5 cores).  The 
OB-2 and OB-3 cores were used for the composite 

columnar section above and below the base of SUk, 
respectively.  The length of 1.79m of the OB-2 core 
between bases of the uppermost peat and SUk was 
converted to 1.70 m in this section.  The depths of 
11 radiocarbon dating horizons in the OB-2 and OB-
4 cores were converted in the age-depth model in 
proportion to the ratios of sediment thickness of 
both cores to those of the composite section among 
the peat and four tephra layers of SUk, MsP, AT, 
and Nh.  Original depths (Table 2) were applied to 
all dating horizons of the OB-3 core, three horizons 
up to 3.0-m depth in the OB-2 core, and the sample 
No.39 in the OB-4 core.  Converted depth of 4.73 m 
was determined for the No.40 sample with an 
original depth of 4.75 m that is 3 cm lower than the 
base of a volcanic ash horizon correlative to SUk at 
4.72 m in the OB-5 core (Fig. 4).

Figure 5. Age-depth model of the Ohnuma Moor sediments shallower than 17.0 m with the horizons of six tephra layers correlated 

with K-Ah, SUk, MsP, Sh, AT, and Nh, and the 34 AMS-14C ages from the OB-2 to OB-5 cores.
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Twelve AMS-14C ages were determined at ten 
horizons of the OB-2 core (Nos.7 to 18 in Table 2).  
Taking error bars (one standard deviation or ±68%) 
of calibrated calendar ages into account, these ages 
are stratigraphically concordant except for three 
dates from the clay or silty clay beds between AT 
and ON-2 (Nos.15, 16, and 17 at 9.73, 10.00, and 
12.40 m, respectively) (Table 2 and Fig. 5).  The 
fall of wood fragments from the upper sediments 
may have resulted in the younger ages of 21,520±
90 and 32,160±90 y BP for the Nos.15 and 17 
samples.  The radiocarbon age of No.16 (36,130±
250 y BP) is much older than those from similar 
depths (Nos.29 and 30 in Table 2), suggesting the 
contamination of plant fragments derived from the 
older sediments around the moor center.

F rom the OB-3 co re fo r t he a im o f 
paleomagnetic secular variation, 18 dating samples 
were carefully taken at every 18 horizons without 
picking up contaminant materials.  Wood fragments 
(No.23 in Table 2) just above Sh distinctly show a 
younger 14C age compared to the ages obtained from 
the horizons close to them (Fig. 5).  All other dates 
a r e conco rdan t s t r a t i g r aph i ca l l y unde r t he 
consideration of their calibrated calendar ages.  The 
weight of the sample No.23 is only 0.25 mg and 
much smaller than that of all other samples over 
0.80 mg.  It shows an extraordinarily small δ13C
value of -35.9 ‰ among the measured samples 
(Table 2) .  Accordingly, re juvenat ion of the 
r ad ioca rbon age i s though t to be due to the 
contamination of modern carbon during the sample 
pretreatment.

An AMS-14C date of wood fragments (No.37 in 
Table 2; an original depth is 4.54 m), taken from 
the moor deposits 16 cm above the base of SUk in 
the OB-4 co re , i nd ica ted a s t r a t ig raph ica l ly 
concordant age, but the sample No.39 distinctly 
provided a younger age than those from the upper 
two horizons of Nos. 29 and 30 (Fig. 5).  Wood 
fragments of the OB-5 core at 4.75 m (No.40 in 
Table 2) show the much younger age largely 
contradict to the stratigraphic position.  Judging 
from the AMS-14C age of 4,940±20 y BP, the 
sample should have been mixed within the present 
horizon from the peat beds above K-Ah by an edge 
of the sampler.  The measurement of paleomagnetic 
secular variation indicating the disturbance of the 
OB-5 core sediments confirms this interpretation.

As the results, we can adopt the total of the 28 
available AMS-14C ages to estimate the eruption 
ages of tephra layers in the moor sediments at 
Ohnuma: 9 ages from the OB-2 core except for Nos. 
15 to 17, 17 ages from the OB-3 core except for 
No. 23, and 2 ages from the OB-4 core except for 
No.39.  Because one clear hiatus horizon was 
inferred at around 8.87 m in depth from the changes 
in sedimentary facies and AMS-14C dates, the age-
depth model curves were figured for individual 
sedimentary units (Fig. 5).  Based mainly on this 
age-depth model with the 28 available AMS-14C
dates, we interpolate the radiocarbon date of each 
tephra horizon representing its approximate eruption 
age on the assumption of a constant sedimentation 
rate between the two AMS-14C dating horizons 
within the same lithostratigraphic units.

1) Nh (12.64-12.66 m in the OB-3 core and 12.66-
12.68 m in the OB-2 core)

The eruption age of Nh is calculated using 
AMS-14C dates from the OB-3 core.  In this core, 
AMS-14C dates of 34,420±140 y BP and 35,780±
160 were obtained at 11.78 and 12.75 m just above 
and below Nh, respectively (Table 2 and Fig. 5).  
Sedimentation time responsible for the 1 cm thick 
deposits between these horizons is calculated to be 
from 11 to 17 y/cm (median: 14 y/cm) taking an 
error of AMS-14C dating (one standard deviation) 
into account.  Thus, an age of the base of Nh at 
12.66 m can be calculated to be from 35,520 to 
35,790 y BP (median: 35,650 y BP).  Because the 
depths of two dated horizons have an error within 
about 3.0 cm equal to the largest thickness of a sub-
sample, 30 to 50 years should be added to or 
excluded from this estimated age.  We thus infer the 
eruptive age of Nh referable to be 35,650±200 y 
BP (calibrated calendar age of 41,632±203 cal. BP 
using quickcal 2005 ver.1.4.) .  The estimated 
eruptive age agrees well with the AMS-14C date of 
34,990±230 y BP (No.18 in Table 2) at 12.40 m in 
t he OB-2 co re , 28 cm above t he ba se o f an 
identified volcanic ash horizon of Nh (ON-2).

2) AT (7.10-7.37 m in the OB-3 core)
The eruptive age of AT is estimated using the 

AMS-14C date of 23,950±70 y BP from a wood 
fragment at 6.58 m in the MsP beds (6.68-6.50 m) 
and that of 26,270±80 y BP from a cone at 7.95 m 
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below AT in the OB-3 core (Table 2).  We consider 
the very short sedimentation period of AT (27 cm 
th ick) and Sh (7 cm th ick) and the cons tan t 
sedimentation rate of the deposits between the two 
dated horizons except for these tephra layers.  A 
resultant estimated age of AT is determined to as 
24,810 and 24,840 y BP.  Taking an error due to 
sub-sampling (70-80 years) like in the case of Nh 
into consideration, we present the eruptive age of 
AT as 24,830±90 y BP (29,858±274 cal. BP).  
This age is concordant with the previously estimated 
e rup t i ve ages o f AT (24 ,720±290 y BP by 
Matsumoto et al. (1987) by the benzene-liquid 
scintillation method and 25,120±270 y BP by 
Miya i r i e t a l . (2004) by the AMS-14C da t ing 
method) within one standard error, but is slightly 
older than the age based on the AMS-14C dating of 
planktonic foraminiferal tests (24,330±230 y BP by 
Murayama et al., 1993).  Machida and Arai (2003) 
concluded the radiocarbon ages for AT including 
AMS-14C dates by many authors largely ranging 
from 24,000 to 25,000 y BP.

3) Sh (6.85-6.92 m in the OB-3 core)
The eruptive age of Sh are calculated to be 

24,330 to 24,420 y BP (median: 24,370 y BP) by 
the same procedure as used for the estimation of an 
eruptive age of AT.  It is estimated to be 24,370±
120 y BP (29,320±412 cal. BP) considering the sub-
sampling error of 70 to 80 years.

4) MsP (6.50-6.67 m in the OB-3 core, 6.70-6.54 
m in the OB-2 core)

As fo r MsP, the AMS-14C da t ing by wood 
fragments showed 23,950±70 y BP in the pumice 
beds at 6.58 m in the OB-3 core, and 24,070±90 y 
BP immediately above the MsP horizon at 6.80 m in 
the OB-2 core (Table 2).  These two dates coincide 
well within one standard error so as to adopt a mean 
of the two AMS-14C dates as an eruptive age of 
MsP, taking their standard errors into account.  They 
suggest that the eruptive age of MsP is 24,010±150
y BP (28,923±358 cal. BP).

5) SUk (= Sakate; 4.68-4.70 m in the OB-4 core 
and 4.70 m in the OB-3 core)

The AMS-14C date of 15,980±40 y BP was 
obtained at 4.54 m in the OB-4 core 16 cm above 
ON-4, a correlative of SUk (Table 2).  Based on the 
ver t ica l changes in gra in and heavy minera l 

compositions of the OB-3 core sediments, the base 
of a volcanic ash horizon corresponding to the base 
of ON-4 was detected at 4.70 m (Fig. 4).  In the OB-
3 core, two AMS-14C dates of 16,430±40 and 
20,190±50 y BP were taken at 4.62 and 5.60 m, 
respectively (Table 2).  These ages show that the 
t ime i n t e rva l nece s sa ry fo r t he 1cm th i ck 
sedimentation is calculated to be from 37 to 39 
y/cm (median: 38 y/cm) between the two dated 
horizons.  The eruptive age of SUk is thus estimated 
to be from 16,700 to 16,770 y BP (median: 16,740 
y BP).  We conclude that the eruptive age of SUk 
(= Sakate) is 16,740±160 y BP (19,966±305 cal. 
BP) from the effect of the sub-sampling error of 110 
to 120 years.  This estimated age is also concordant 
with the AMS-14C date measured in the OB-4 core.

Summarizing above, the eruptive ages of five 
tephra layers intercalated in the sediments at 
Ohnuma Moor, Nh, AT, Sh, MsP, and SUk in 
ascending stratigraphic order, are estimated to be 
35,650±200, 24,830±90, 24,370±120, 24,010±
150, and 16,740±160 y BP, respectively.  The 
estimated eruptive age of AT is not contradict to the 
previous age estimation (e.g. Machida and Arai, 
2003).  The eruptive age of Nh has been obtained 
first in the present paper, and those of Sh, MsP, and 
SUk can be assessed from the comparison with the 
previously reported radiocarbon ages.

Nomura and Tanaka (1986) reported that “b
volcanic ash layer” in the eastern part of Hyogo 
Prefecture could be correlated with Sh, Od, or Uh, 
and they obtained a radiocarbon age of 24,300±410
y BP (based on the half-life 5,730 years) from wood 
fragments just above the volcanic ash beds by the 
usual gas proportional counting.  According to the 
petrographic properties of major tephra layers of the 
Daisen Upper Volcanic Formation described by 
Katoh et al. (2004), the “b volcanic ash layer” can 
be correlated with Sh because of no content of 
cummingtonite phenocrysts.  Therefore, the above 
radiocarbon age (re-calculated to be 23,610±400 y 
BP using Libby half-life 5,568 years) suggests the 
upper limit of an eruptive age of Sh and confirms 
our age estimation for Sh (24,370±120 y BP).

Three radiocarbon dates of 16,000±400 y BP 
(Matsui and Inoue, 1970) , 14,780±400 y BP 
(Hattori et al., 1983), and 16,400±140 y BP (Miura 
and Hayashi, 1991) were obtained from charcoals 
contained in the U1 pyroclast ic-f low deposi ts 
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immediately below SUk.  On the basis of the first 
radiocarbon date, SUk was considered to have 
erupted from 15,000 to 16,000 y BP (Matsui and 
Inoue, 1971).  Recently, Fukuoka (2005) reported 
three more radiocarbon dates of 16,050±80, 15,880
±70, and 15,940±80 y BP for the U1 deposits.  In 
addition to these dating on the proximal pyroclastic-
flow deposits, the peaty silt beds just above and 
below the volcanic ash layer formerly correlated to 
the distal deposit of U1 were dated to be 15,740±80
and 15,490±120 y BP, respectively (Katoh et al.,
1996).  Moreover, Nomura et al. (1995) inferred the 
eruptive age of SUk just after a radiocarbon age of 
15,800±250 y BP (based on the half-life 5,730 
years) .  From these radiocarbon dates by the 
measurement of beta emission, the eruptive age of 
SUk is considered to be around 16,000 y BP.  Our 
es t imated age of SUk (16 ,740±160 y BP) i s 
slightly older than most of the previous radiocarbon 
dates obtained for the U1 deposits by the beta 
emission counting method, but is consistent in 
considering the different dating methods and the 
larger error of their calibrated calendar ages around 
16,000 y BP.

Nomura et al. (1995) inferred that MsP erupted 
just after the radiocarbon age of 17,400+1,080, -960 
y BP (based on the half-life 5,730 years) measured 
for the organic silt beds just above MsP by the beta 
emission counting method.  The radiocarbon ages by 
the gas proportional counting of 16,200±360 and 
18,600±205 y BP (both based on the half-life 5,730 
years) were taken form the organic clay and peat 
beds just above and below MsP, respectively, in the 
eastern part of Hyogo Prefecture (Nomura and 
Tanaka, 1986), and the estimated eruptive age of 
MsP is almost equal to the mean of these two 
radiocarbon dates (Nomura et al., 1995).  According 
to their results based on the measurement of beta 
emission, the eruptive age of MsP is considered to 
be between 16,000 and 18,500 y BP younger than 
our estimation of 24,010±150 y BP by 5,300 to 
8,200 years.  Radiocarbon dates concerning to the 
AT eruption by the AMS-14C dating method are 
generally 2,000 to 3,000 years older than those 
determined by the beta emission measurement 
(Machida and Arai, 2003).  However, the larger 
difference between the two estimated eruption ages 
of MsP cannot be explained only by the different 
dating techniques.

Around Daisen Volcano, the Kusadanihara 

Pumice Beds (KsP: Tsukui, 1984) underlies the 
Misen pyroclastic-flow deposits (MiF: Tsukui, 1984) 
and is stratigraphically situated above MsP.  A 
radiocarbon age of 18,100±180 y BP determined by 
the beta emission measurement from charcoals in 
MiF possibly shows the eruption of KsP around 
18,000 y BP (Miura and Hayashi, 1991).  The 
eruptive age of KsP has recently supported by the 
AMS-14C dating using planktonic foraminiferal tests 
deposited on the ocean floor of Japan Sea (Domitsu 
et al., 2002).  Therefore, the estimated eruptive age 
of MsP by Nomura et al. (1995), which is re-
calculated to be 16,910 +1,050, -930 y BP based on 
Libby half-life 5,568 years, is almost equal to or 
slightly younger than the eruptive age of KsP.

Nomura et al. (1995) correlated the “Hs-4” and 
“Hs-9” t ephra layers a t Hosoike Moor in the 
Chugoku Mountains (Fig. 1) with MsP and obtained 
the radiocarbon date of 17,400+1,080, -960 y BP 
from the organic silt beds just above the “Hs-4”
tephra horizon.  The “Hs-9” immediately overlies 
the “Hs-10” (= Uh) and “Hs-11” (= AT) tephra 
layers at this moor like the stratigraphy of MsP, Uh, 
and AT found around Daisen Volcano, in spite of 
no identification of Uh and AT below the “Hs-4”.
The stratigraphy of “Hs-9” relative to Uh and AT 
suggest the small time gap among the eruptions of 
these tephra layers, but it is inconsistent with their 
estimated eruption age of MsP indicating at least 
6,000 years passage after the AT eruption.  The “c
volcanic ash layer” correlated to MsP in eastern 
Hyogo have no description of cummingtonite 
phenocrysts as heavy minerals (Nomura and Tanaka, 
1986).  Above MsP, the Daisen Kagamiganaru 
tephra layer (DKg: Machida and Arai, 1979) and 
KsP show very similar petrographic properties to 
MsP except for the occurrence of cummingtonite 
phenocrysts in MsP (Machida and Arai, 2003).  SUk 
also has the similar petrographic characteristics with 
the “c volcanic ash layer”, although the latter 
contains more orthopyroxene phenocrysts.

Correlation of the “Hs-4” and the “c volcanic 
ash layer” with MsP is difficult only based on the 
petrographic description by Nomura et al. (1995) 
and Nomura and Tanaka (1986), respectively.  Their 
petrographic characteristics and estimated eruptive 
ages also suggest the possible correlation of the “Hs-
4” and the “c volcanic ash layer” with KsP or DKg. 
Furthermore, sedimentation rate above the “c
volcanic ash layer” is extraordinarily small, because 
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the peaty layer 30 cm above the “c volcanic ash 
layer” was dated to be 11,700±95 y BP (based on 
the half-life 5,730 years) by the beta emission 
coun t i ng me thod .  Th i s may be due t o t he 
contamination of modern carbon into the dated peaty 
beds near the ground surface.  Accordingly, it is 
likely that the previous estimated eruption age of 
MsP (around 17,400 y BP) is younger because of 
the miscorrelation of a dated tephra layer and/or the 
effect of modern carbon contaminating into the 
dated materials used for the age estimation.

Conclusion

Four tephra layers of the Kikai-Akahoya tephra 
(K-Ah), Aira-Tn tephra (AT), Daisen Shitano-hoki 
Volcanic Ash Beds (Sh), and Daisen Misen Pumice 
Beds (MsP) are included in the uppermost part of 
the moor deposits at Ohnuma Moor in the eastern 
part of the Chugoku Mountains, northern Hyogo 
Prefecture.  In addition to these tephra layers, two 
thin volcanic ash layers were newly identified in the 
moor deposits below AT and between K-Ah and 
MsP.  These tephra layers were correlated with the 
Daisen Nise-hoki Volcanic Ash Beds (Nh) of the 
Daisen Middle Volcanic Ash Formation and the 
Sakate tephra layer (Sakate) that was known to be 
widespread in the Kinki District, respectively.  The 
Sakate tephra was also correlated herein to the upper 
unit of the Sambe Ukinuno Pumice Beds (SUk) 
e rup t ed f rom Sambe Vo lcano .  The t eph ra 
correlation revealed that Nh was distributed in an 
area about 80 km east of Daisen Volcano and 
confirmed that SUk was widespread at least in the 
central and northern parts of the Kinki District, 
Japan.

The eruptive ages of Nh, AT, Sh, MsP, and SUk 
were estimated using the available 28 AMS-14C
dates from the sediments up to 17.0 m in depth at 
the Ohnuma Moor.  By interpolating the radiocarbon 
date of a tephra horizon as its eruption age on the 
assumption of a constant sedimentation rate between 
the two AMS-14C dating horizons, the eruptive ages 
of Nh, AT, Sh, MsP, and SUk were estimated to be 
35,650±200, 24,830±90, 24,370±120, 24,010±
150, and 16,740±160 y BP, respectively.  The 
estimated ages of AT, Sh, and SUk are almost 
concordant with the previously estimated ages, but 
the eruptive age of MsP is 5,300 to 8,200 years 
older than the previous one.  The large difference in 

age de t e rmina t i on may r e su l t f r om the 
miscorrelation of the dated tephra with MsP and/or 
the effect of modern carbon contaminating into the 
dated materials in the previous studies.
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