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Abstract: Process of the tectonic rotation related to Japan Sea opening is viewed from tilt-corrected

paleomagnetic data obtained from the Early to Middle Miocene sequence in the Yatsuo area on the

Japan Sea coast, eastern part of southwest Japan.  Progressive demagnetization experiments have

been executed on samples obtained from two routes along the Yamada and Wada Rivers, and success-

fully isolated stable primary magnetic components in 16 sites.  Together with data of previous studies,

tilt-corrected reliable paleomagnetic directions comprising 10 normal and 27 reversed polarity sites

of the Yatsuo Group on accurate stratigraphic positions show systematic temporal variation of east-

erly deflection in declinations.  On the basis of our presented magnetostratigraphy, Yatsuo Group is

assigned from the late Early to early Middle Miocene.  Significant stage of rotation as much as 30°°°°° is
specified during late Early Miocene between a period of active volcanism and subsequent period of

marine transgression.  We suggest that the Japan Sea opening event had a final phase of rapid rotation

around the late Early Miocene, which seems to have caused marine transgression in relation to re-

markable subsidence along the Japan Sea coast.
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1. Introduction

 Japan Sea is considered as a back-arc basin which

was rifted through the late Cenozoic. Its origin has been

investigated by many researchers mainly upon the basis

of ODP offshore drilling and paleomagnetism of sub-

aerial rocks.  Paleomagnetic studies in 1980’s (e.g.

Otofuji and Matsuda, 1983; 1984; Otofuji et al., 1985)

suggested that southwest Japan suffered nearly 50°°°°°
clockwise rotation at about 15 Ma, and that this event

was caused by the back-arc opening.  Their age esti-

mate seems discordant with heat-flow data in the Ja-

pan Sea which imply older formation of the basin (>20

Ma; Tamaki, 1986).  Such discrepancy of the event ages

between the back-arc opening and rotation was once

interpreted as two stages of the opening (Hayashida et

al., 1991): clockwise rotation of southwest Japan be-

tween 16 and 14 Ma associated with fan-shaped open-

ing after drift of the Japanese islands before 16 Ma as

a result of parallel opening.  Although many kinematic

models have been submitted to explain the nascent

status of the island arc (e.g. Jolivet et al., 1994), tem-

poral succession of tectonic events have not been es-

tablished.  In order to understand mechanism of the

Japan Sea opening and rotation during the short-lived

events, sequential paleomagnetic data with precise age

assignment should be collected in more detail.

Otofuji et al. (1985) discussed rotational process

based on temporal change of magnetic declinations

reported from wide-spread areas in southwest Japan.

Later, Itoh (1988) suggested that the eastern part of

southwest Japan had suffered differential rotation just

after the coherent clockwise rotation related with the

back-arc opening, and attributed the latter rotational

event to an intra-arc deformation raised by a collision

of the Izu-Bonin Arc (Fig. 1).  Since differential rota-

tion was also found on the western end of southwest

Japan (Ishikawa, 1997), the rotational process should

be reassessed on the basis of sequential declination data

obtained from a confined area in which effects of local

deformation can be eliminated referring to geological

structure.
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Previous studies of tectonic rotation related to Japan

Sea opening were reported in the San’in, Mizunami,

Morozaki, and Kanazawa-Iozen areas (Fig. 1).  Otofuji

et al. (1991) discussed timing of clockwise rotation of

the San’in district in central part of southwest Japan,

but  the i r  ta rge t  samples  were  only  f rom the

volcaniclastic or volcanic rocks, for which tectonic

tilting is generally difficult to be corrected.  In order

to discuss rotational process on the basis of sequential

data-set, paleomagnetic samples should be collected

where structural attitudes are obvious to determine

accurate stratigraphic positions.  Hayashida (1986) also

reported clockwise rotation linked to Japan Sea open-

ing based on sedimentary rocks in the Mizunami and

Morozaki areas where sedimentary basins are repre-

senting intra-arc basins.  For the purpose of more de-

tailed description of the rotational process related to

Japan Sea opening, paleomagnetic data should be ob-

tained from marine transgressive sediments along the

back-arc margin.  Itoh and Kitada (2003) executed

paleomagnetic study intended for tilt-corrected samples

Fig. 1  Map showing the geological setting around southwest Japan.  Enclosures show the survey areas of the present study and Itoh

            and Kitada (2003).

in the Kanazawa-Iozen area.  However their rotational

process was not conclusive for the following two rea-

sons.  One reason is that they discussed rotational pro-

c e s s  w i t h  t h e  i n c o n s i s t e n c y  b e t w e e n  t h e

magnetostratigraphy and the diatom biostratigraphy,

which would decrease certainty of timing of tectonic

rotation.  The other is that whole rotational process

was not observed in their area due to stagnant sedi-

mentation (Yanagisawa, 1999a).

In the present study, we focus on the Yatsuo area on

the Japan Sea coast (Fig. 1) where Lower to Middle

Miocene Series composed of volcanic rocks and sedi-

mentary rocks are well exposed without unconformity

or structural disturbance.  On the basis of the strati-

graphic study (Hayakawa and Takemura, 1987), sedi-

mentary facies of the strata in this area shows distinct

trend of marine transgression.  This study area is suited

to submit a basic sequential paleomagnetic data-set

recording rotational process during the marine trans-

gression.  Previous paleomagnetic studies have been

conducted in our study area (e.g. Itoh and Hayakawa,
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1988; 1989; Itoh and Watanabe, 2000).

However, their presented data-set were

small in number especially samples from

volcanic rocks, so that it was difficult to

constrain timing and magnitude of tectonic

rotation with precise age assignment.  In

addition, their magnetostratigraphy was

not concordant with biostratigraphy estab-

lished by Yanagisawa (1999b).  In order

to solve such controversy, more integrated

stratigraphic correlation based on sequen-

tial paleomagnetic data is still required in

this study area.  Hence, we aim to refine

magnetostratigraphy and specify signifi-

cant stage of rotation using difference

among time-averaged formation-mean

declinations.  Spatial differences between

the Yatsuo area and previous studied ar-

eas in the eastern part of the south-west

Japan are also estimated to confirm defor-

mation mode proposed by Itoh (1988) and

Itoh and Ito (1989).  Finally, tectonic im-

plications of the paleoenvironmental

changes around the rapid rotation are de-

scribed on the basis of stratigraphic order

of back-arc opening events.

2. Geological setting and sampling

Yatsuo area is underlain by Neogene

volcanic and marine sedimentary rocks

(Fig. 2).  This Neogene System is divided

into two groups; the lower Yatsuo and the

upper Tonami Groups (Hayakawa and

Takemura, 1987).  The Yatsuo Group,

schematically shown in Fig. 3, is about 3,000 m thick,

and divided into five formations: Nirehara, Iwaine,

Iozen, Kurosedani and Higashibessho, in ascending

order.  The Nirehara Formation is mainly composed of

conglomerates and sandstones.  The Iwaine and Iozen

Formations consist of andesitic and rhyolitic volcanic/

volcaniclastic rocks, respectively.  The Kurosedani

Formation is composed of sandstone and siltstone,

which shows an upward-fining sequence.  The

Higashibessho Formation is rich in siltstone.  Diatom

biostratigraphy of the Early to Middle Miocene sedi-

mentary units (Higashibessho Formation) was estab-

lished by Yanagisawa (1999b) (Fig. 3c).  The correla-

tion between a standard geomagnetic polarity time-

scale (Fig. 3a) and diatom biohorizons are based on

Watanabe and Yanagisawa (2005) (Fig. 3b).

Samples for the paleomagnetic analysis were col-

lected at 26 sites from the Yatsuo Group by using an

engine drill or an electric drill.  Eight to 15 cores 25

mm in diameter were drilled from each site and the

individual cores were oriented with a Brunton com-

pass mounted on an aluminum orientation table.  Re-

ported paleomagnetic directions in the Yatsuo area (Itoh

and Hayakawa, 1988; 1989; Itoh and Watanabe, 2000)

were particularly scarce in the Iwaine and Iozen Forma-

tions.  As for the lower volcanic units, which have been

intensively sampled in the present study, a lithologic

columnar section and sampling horizons are shown in

Fig. 3.  We selected two sampling routes along the

Yamada River and the Wada River (Fig. 4).  Columnar

sections of these routes are combined using a key bed,

Yamadanaka tuff (Figs. 3, 4) which intercalates the

upper part of the Yamada River section, and lower part

of the Wada River section.  In both routes, the strata

gently dip northward without serious tectonic distur-

bance.  In the Yamada River route, the Iwaine and Iozen

Formations include initially horizontal water-laid bed-

ded tuff layers (Fig. 3) showing the same structural

attitude as the overlying sedimentary units, which in-

tercalate with volcanic and volcaniclastic rocks.  Along

the routes, we selected sampling sites where we can

define bedding attitude for tilt correction of paleomag-

Fig. 2  A geological map in the Hokuriku district upon the Japan Sea coast of the

           eastern part of southwest Japan.
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Fig. 3    Geological units after Hayakawa and Takemura (1987) and stratigraphic horizons of paleomagnetic samples of this study.

             Solid (open) symbols correspond to normal (reversed) polarity data.  Christ cross shows primary component is not obtained.

             As for the lower volcanic units, which have been intensively sampled in the present study, lithologic columnar section and

             sampling horizons are attached on the right.  Chronological information is summarized as: a) Standard geomagnetic time-scale

             (Cande and Kent, 1995), b) Diatom biohorizons based on ODP Leg 145 site 887C (Watanabe and Yanagisawa, 2005), c)

             Diatom biostratigraphy and planktonic foraminifera biostratigraphy of sedimentary units in the Yatsuo area (Yanagisawa,

             1999b).
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Fig. 4   Paleomagnetic sampling localities along the Yamada River and Wada River routes with simplified geologic information after

Hayakawa and Takemura (1987) and Nozawa and Sakamoto (1960).

netic directions.  Rock types and strike-dip data used

for tilt correction of each site are listed in Table 1.

3. Paleomagnetism

In the laboratory, the samples were cut into cylindri-

cal specimens of 25 mm in diameter and 22 mm in

length.  Each sampling site contained eight to 26 stan-

dard-sized specimens.  Remanent magnetization was

measured for all specimens by using a spinner magne-

tometer (Natsuhara Giken SSM-1A) or a cryogenic

magnetometer (2-G Enterprise model 760).  In order
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to isolate stable remanent magnetization components,

progressive alternating field demagnetization (PAFD)

and progressive thermal demagnetization (PThD) tests

were carried out.

Two pilot specimens per one site which have aver-

age direction in natural remanent magnetization (NRM)

were subjected to PAFD and PThD, respectively.  Then

we executed demagnetization of the rest of the speci-

mens by PAFD or PThD methods, selecting more ef-

fective method to isolate a stable magnetic component.

Results of the progressive demagnetization were ana-

lyzed using vector end-point orthogonal diagrams.  Fig. 5

shows typical results of progressive demagnetization

tests.

We identified single stable component in some sites,

which are observed as straight trends converging to

the origin of the diagrams (YD40-11, WD09-71; Fig. 5a,

c).  Such components show quite different directions

from the present geomagnetic field.  In other sites, two

components were isolated (YD35-12; Fig. 5b); one

low-temperature component (25 ℃ < unblocking tem-

perature (TUB) < 140 ℃) is parallel to the present geo-

magnetic field in in situ coordinates.  We regard it as

secondary magnetization acquired during the recent

geologic period.  The other high-temperature compo-

nent (180 ℃ < TUB < 640 ℃) converged to the origin

of the diagrams without directional change after de-

magnetization above the Curie temperature of magne-

tite (580 ℃).

In order to identify carriers of the magnetic compo-

nents in samples, we made stepwise acquisition experi-

ment of isothermal remanent magnetization (IRM) on

AF-demagnetized samples in direct magnetic fields up

to 2 T (Fig. 6a).  In most cases, the IRM intensity al-

most saturated in applied field around 0.2 T, whereas

a sample from site YD35 did not show saturation up to

0.2 T.  We interpret that the dominant carrier of the

stable remanent magnetization in majority sites is

magnetite, while site YD35 contains both magnetite

and hematite.  We then executed PThD of composite

IRM.  Using the method of Lowrie (1990), composite

IRMs were imparted by applying direct magnetic fields

2.0, 0.4, 0.12 T imposed to the samples in three or-

thogonal directions.  Fig. 6b-e presents typical decay

curves of the three IRM components through stepwise

thermal demagnetization up to 680 ℃.  Results of sites

YD43, YD40 and WD09 (Fig. 6b-d) indicate that the

dominant magnetic phase is of soft coercivity fraction

(< 0.12 T) with a broad distribution of TUB below 580

℃, and that the medium (0.12 - 0.4 T) and high (0.4 -

2 T) coercivity fractions are minor contribution.  We

interpret that these samples are dominated by magne-

tite.  As for the site (YD35) (Fig. 6e), the dominant

magnetic phase has soft coercivity with a broad distri-

bution of TUB below 640 ℃.  All coercivity fractions

are significantly reduced between 100 and 180 ℃,

suggesting that the low TUB component is carried by

goethite.  The high TUB component demagnetized up

to 640 ℃ is probably carried by magnetite and hema-

tite with coarse grain size.

We interpreted the stable high TUB components as pri-

mary magnetization and determined their directions

using a three-dimensional least squares analysis tech-

nique (Kirschvink, 1980).  For the samples with over-

lapped TUB spectra (YD43; Fig. 5f), we adopted

remagnetization circle method (McFadden and

McElhinny,  1988) ;  we regard  cross  poin t  of

remagnetization circles figured out from all specimens

in one site as primary component.  If a primary rema-

nent magnetic vector was not obtained as a result of

complete remagnetization (YD47; Fig. 5d) or quite

erratic behavior during demagnetization tests (WD06;

Fig. 5e), we excluded the site from further discussion.

Finally mean directions were determined at 16 sites as

listed in Table 1.

4. Discussion

4.1 Temporal variation in declinations and

      magnetostratigraphy

In the Yatsuo area, sequential sampling enabled us

to assign paleomagnetic data to accurate stratigraphic

positions.  The variation in declinations as a function

of the stratigraphic position (cumulative thickness) is

shown in Fig. 7.  It is noteworthy that the lower part

of the sequence shows significant easterly declinations,

while no significant deflection is observed in the up-

per part.  This systematic temporal change in untilted

declinations suggests coherent clockwise rotation of

the Yatsuo area around a vertical axis, because both of

the data with normal and reversed polarities show simi-

lar trend.

Previous magnetostratigraphy of the Yatsuo area

(Itoh and Watanabe, 2000) was constrained by stan-

dard geomagnetic polarity time-scale (Berggren et al.,

1995) and a K-Ar age (Shibata, 1973).  However, their

interpretation was not coincident with biostratigraphy

assigned to Barron and Gladenkov’s (1995) diatom

biochronology (Yanagisawa, 1999b).  This is possibly

because of undiscovered polarity transition interval(s)

in the study section, and/or insufficient correlation of

magnetostratigraphy and biostratigraphy established by

Barron and Gladenkov (1995) based on the result of

ODP Site 884B and 887.  Recently, Itoh and Watanabe

(2006) reported normal polarity interval in the

Kurosedani Formation.  Watanabe and Yanagisawa

(2005) presented refined Early to Middle Miocene

diatom biochronology for the middle- to high-latitude

North Pacific based on the result of ODP Site 887C.

Then, our paleomagnetic result can be correlated to a

standard geomagnetic polarity time-scale (Cande and

Kent, 1995) using the biostratigraphic data and the ra-
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Fig. 6  a) Progressive acquisition of isothermal remanent magnetization (IRM) for volcanic and sedimentary rocks in

the Yatsuo Group.  b), c), d) and e) Thermal demagnetization curves of orthogonal IRM for samples from

various rock types.
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Fig. 7  Change of declinations versus thickness in the Yatsuo Group.  Solid (open) symbols represent normal (reversed) polarity sites.

Error bars show uncertainty in declination defined as sin
-1
 [sinα95 /cos I] (α95, radius of 95% confidence circle; I, inclination).

Diatom biostratigraphy and planktonic foraminifera biostratigraphy are after Yanagisawa (1999b).  K-Ar and fission-track ages

were reported by Shibata (1973) and Itoh and Watanabe (2006), respectively.  Standard geomagnetic time-scale and diatom

biohorizons are based on Cande and Kent (1995) and Watanabe and Yanagisawa (2005), respectively.  
*
Data from Itoh and

Hayakawa (1988).  
**

Data from Itoh and Hayakawa (1989).  
***

Data from Itoh and Watanabe (2000).  
****

Data from Itoh and

Watanabe (2006).
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diometric ages obtained from the studied formations.

Yanagisawa (1999b) assigned the Higashibessho For-

mation to the Crucidenticula kanayae Zone (NPD 3A),

the Denticulopsis praelauta Zone (NPD 3B) and

Denticulopsis lauta Zone (NPD 4A) (Fig. 7).  On the

basis of biochronology (Watanabe and Yanagisawa,

2005), reversed polarity intervals correlated to these

diatom zones are assigned to Chron C5Cn.2r, C5Cn.1r

and C5Br, respectively because only reversed polarity

data are obtained.  Reversed polarity interval in the

upper part of the Kurosedani Formation and normal

polarity interval in the lower part of the Kurosedani

Formation correspond to Chron C5Cn.2r and Chron

C5Cn.3n, respectively.  Reversed polarity interval in

the upper part of the Iozen Formation and the lower

part of the Kurosedani Formation is correlated to Chron

C5Cr.  Normal polarity interval in the Iwaine Forma-

tion and the lower part of the Iozen Formation is cor-

related to C5Dn.  Radiometric ages obtained from the

Iwaine Formation (16.4 ± 0.9 Ma; Shibata, 1973) and

the Iozen Formation (17.2 ± 0.6 Ma; Itoh and Watanabe,

2006) are concordant with this correlation within the

limits of error.  Therefore the present result suggests

that the Yatsuo Group is assigned from the late Early

to early Middle Miocene.  The C5Cn/C5Br chron

boundary, which was correlated to the Iozen Forma-

tion by Itoh and Watanabe (1999), is located the lower

part of the Higashibessho Formation based on revised

correlation in this study.  It is also necessary to modify

magnetostratigraphy in the Kanazawa-Iozen area (Fig. 2),

adjacent to the Yatsuo area.  Although reversed polar-

ity interval in the Sunagozaka/Nanamagari Formations

was correlated to Chron C5Br (Itoh and Kitada, 2003),

the Crucidenticula Kanayae Zone identified in the

Sunagozaka/Nanamagari Formation (Yanagisawa,

1999a) is discordant to Chron C5Br on the basis of

biochronology (Watanabe and Yanagisawa, 2005) (Fig. 7).

Reversed polarity interval in the Sunagozaka/

Nanamagari Formation should be correlated to C5Cn.

2r and/or C5Cr using biostratigraphic data.  However,

this correlation is not concordant with the fission-track

ages (15.0-15.4 Ma; Itoh et al., 2000) in the Iozen

Formation overlain by the Sunagozaka/Nanamagari

Formation.  Thus stratigraphic correlation between the

Yatsuo and Kanazawa-Iozen areas remains further in-

vestigation.

4.2 Rotation during a short interval around the

      late Early Miocene

In this study, additional data to the Iwaine and Iozen

Formations, from which few paleomagnetic data have

been reported, allow us to submit time-averaged di-

rections of the volcanic formations (Fig. 7).  As shown

in  F ig .  8 ,  mean  d i rec t ions  of  the  Iozen  and

Higashibessho Formations represent antipodal normal

and reversed polarities, indicating that the formation-

means are calculated for enough time intervals.  The

Kurosedani Formation is a thick pile of sedimentary

rocks (about 1,000 m thick), and paleomagnetic data

were acquired from various rock types.  Sampled in-

terval of the Iwaine Formation is composed of several

andesitic lava flows intercalated by tuff breccia lay-

ers.  We regard that these formations also cover enough

time intervals to average out the short-term fluctua-

tions of geomagnetic field.  Hence, each formation-

mean provides a time-averaged paleomagnetic direc-

tion, which enables us to discuss tectonic rotation.  In

the Nirehara Formation, however, paleomagnetic data

still remain fewer numbers than those of other forma-

tions, and sedimentary environments and depositional

age are not known.  Because influence of secular varia-

tion may not be negligible, we interpret that paleomag-

netic data in the Nirehara Formation are difficult to

compare with those of other formations, and exclude

them from further discussion of formation-means.

Comparing amount of rotation (R) and its uncertainty

(δR) calculated from the difference of formation-mean

declinations in the Yatsuo Group, significant rotation

as much as 30° (R=26.9°,δR=23.8°;δR is [δD1+δD2]1/2

[Beck, 1980]) is observed during the deposition of the

Iozen and Kurosedani Formations (Fig. 8).  On the basis

of the age-estimation stated before (Fig. 7), it is sug-

gested that most of rotation in this study area had been

attained during a short interval around the late Early

Miocene.  The present result has specified a signifi-

cant stage of rotation based on reliable paleomagnetic

data with precise age assignment in the Yatsuo area

for the first time.

Itoh and Ito (1989) suggested differential rotation

within the Hokuriku district (Fig. 2) associated with

ductile deformation in Japan arc.  Later, Itoh and Kitada

(2003) discussed more detailed rotational process in

the Kanazawa-Iozen area (Fig. 2).  In order to exam-

ine diachronous motion within the Hokuriku district,

we calculate spatial difference of formation-mean dec-

linations between the Yatsuo area and the Kanazawa-

Iozen area.  On the basis of the biostratigraphy

(Yanagisawa, 1999a, b), the Sunagozaka/Nanamagari

Formation in the Kanazawa-Iozen area which is as-

signed to the Crucidenticula kanayae Zone can be

correlated to the Higashibessho Formation in the Yatsuo

area.  It  is also possible that the Sunagozaka/

Nanamagari Formation is assigned to the Kurosedani

Formation because diatom zone in the Sunagozaka/

Nanamagari Formation is recognized in the only up-

per part of the Nanamagari Formation (Yanagisawa,

1999a).  Comparing formation-mean declinations in the

Sunagozaka/Nanamagar i  Format ion  wi th  the

Kurosedani and Higashibessho Formations respec-

tively, no significant difference is obtained (R=13.6°,
δR=22.5° and R=18.9°,δR=23.6°; Fig. 8), suggesting that

diachronous motion is not existence.  This interpreta-
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Fig. 8  Tilt-corrected site-mean magnetic directions divided into each formation in the Yatsuo, Kanazawa-Iozen (Itoh and Kitada, 2003)

and Mizunami (Hayashida, 1986) areas.  Solid (open) symbols are on the lower (upper) hemisphere of the equal-area projec-

tions.  Dotted ovals are 95% confidence limits.  Biostratigraphic data in the Kanazawa-Iozen and Yatsuo areas are after Yanagisawa

(1999a, b).  Chron ages for polarity reversal datums are from Cande and Kent (1995).  R andδR ([δD1+δD2] 
1/2) were defined by

Beck (1980).
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tion, however, is not conclusive and needs further in-

vestigations for two following reasons.  One reason is

that more integrated stratigraphic correlation between

both areas is still required as stated above.  The other

is that detailed correlation of formation-mean data in

the Sunagozaka/Nanamagari Formation reported by Itoh

and Kitada (2003) to the presented data in the Yatsuo

area is difficult because their formation-mean data were

obtained from limited horizons of only tuff layers.

Itoh (1988) also proposed that the eastern part of

south-west Japan had suffered differential rotation.

However, their data-set of the Yatsuo area were

summed up as Early Miocene data, and it is necessary

to review spatial difference on the basis of paleomag-

netic data with more precise age assignment.  Com-

paring formation-mean directions between the

Kurosedani Formation and the Akeyo Formation in the

Mizunami area (Fig. 1) reported by Hayashida (1986),

which are assigned to the Foraminiferal Zone N8, we

reveal that significant difference of formation-mean

declination is observed (R=49.8°,δR=17.2°; Fig. 8),

suggesting differential rotation of the eastern part of

south-west Japan since the late Early Miocene.  In the

Nohi area (Fig. 1), which is located between the Yatsuo

and the Mizunami area, Otofuji et al. (1999) also sug-

gested differential rotaion during the Miocene based

on the paleomagnetic data obtained from Cretaceous

to Paleogene welded tuff.  In order to examine spatial

difference in more various areas relative to the Yatsuo

area, further investigation of precise age assignment

in compared area is still necessary.  In the next sec-

tion, we argue temporal difference based on the se-

quential data obtained from the Yatsuo area for the un-

derstanding of rotational process.

4.3 Tectonic and paleoenvironmental implications

Earlier stage of rotation in the Yatsuo area is not clear

because reliable paleomagnetic data were not obtained

from the strata older than the Iwaine Formation.  The

present result, however, has confirmed that rotational

process has a phase of rapid rotation in its final stage

between the Iozen and Kurosedani Formations, which

correspond to a period of active volcanism and subse-

quent period of marine transgression.

Chiji (1986) reported that paleobathymetric estima-

tion based on benthic foraminifers in the lower

Kurosedani Formation was 100-200 m, whereas the

upper  Kurosedan i  Forma t ion  and  the  lower

Higashibessho Formation were suggested to have de-

posited at around 1,000-1,500 m in depth.  Such re-

markable change in water depth is not accommodated

by global sea-level fluctuation since the Miocene (up

to 200 m; Haq et al., 1987), requiring tectonic subsid-

ence linked to formation of back-arc basin.  Although

Hiroki and Matsumoto (1999; 2003) suggested that

sequence boundaries in Miocene strata of the central

Japan including the Yatsuo area were formed by re-

gional sea-level changes using sequence stratigraphic

analysis and magnetostratigraphic correlation, their in-

terpretations should be reconsidered for two follow-

ing  reasons .   One  reason  i s  tha t  we  re f ined

magnetostratigraphy in the Yatsuo area.  This means

the correlations of sequence boundaries between the

basins in central Japan by them have lost the strati-

graphic basis.  The other is that they underestimated

the amount of the subsidence in the Yatsuo area be-

cause they ignored the result of Chiji (1986) without

any reason.  It seems difficult to discuss sequence

boundaries from a viewpoint of global sea level

changes where such large tectonic subsidence as men-

tioned above occurred.

Paleoenvironmental change and the paleomagnetic

result of this study suggest that intensive subsidence

is synchronous with the rapid rotation stage during the

deposition of the Iozen and Kurosedani Formations.

Japan Sea opening event might have a final phase of

rapid rotation during the late Early Miocene, which

seems to have caused a marine transgression in rela-

tion to remarkable subsidence in the coastal area of

the Japan Sea.

5. Conclusions

1. In the Yatsuo area upon the Japan Sea coast which

    is underlain by the Lower to Middle Miocene, pa-

    leomagnetic measurements are conducted on samples

    from 26 sites and 16 sites gave primary components.

    Untilted paleomagnetic data combined with the pre-

    vious data are composed of 10 normal and 27 re-

    versed polarity sites of the Yatsuo Group.

2. We constrained magnetostratigraphy by the biostrati-

    graphic data and radiometric ages.  Present result

    suggests that the Yatsuo Group is assigned from the

    late Early to early Middle Miocene.

3. Significant stage of rotation as much as 30°°°°° is speci-

    fied between the stage of the Iozen and Kurosedani

    Formations which assigned to late Early Miocene.

    On the basis of stratigraphic order of the back-arc

    opening events, this stage of rapid rotation corre-

    sponds to a period of active volcanism and subse-

    quent period of marine transgression.

4. Japan Sea opening event might have a phase of rapid

    rotation in its final stage, which seems to have caused

    marine transgression associated with remarkable

    subsidence along the rifted continental margin.
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富山県八尾地域に分布する下部‐中部中新統の古地磁気学的研究

玉玉玉玉玉置置置置置真真真真真知知知知知子子子子子，，，，，伊伊伊伊伊藤藤藤藤藤康康康康康人人人人人，，，，，渡渡渡渡渡辺辺辺辺辺真真真真真人人人人人

要　旨要　旨要　旨要　旨要　旨

新第三紀における日本海拡大イベントに関連した回転運動プロセスを調べるため，富山県八尾地域に分布する下
部‐中部中新統の八尾層群にて古地磁気学的研究を行った．調査地域における山田川ルート，和田川ルートで得ら
れた火山岩，堆積岩から段階消磁実験を行った結果，16地点の安定した初生磁化成分が分離できた．これまでに八
尾地域で報告されている全37地点の古地磁気データを統括すると，傾動補正後の地点平均方位において，正帯磁を
示すものが10地点，逆帯磁を示すものが27地点得られた．回転運動の経過を詳細に知るために，各層準に対する偏
角の推移を調べた結果，経時変化が見られ，時計回りの回転運動の記録が捉えられていることが明らかになった．累
層ごとに分けた平均方位の偏角の比較では，医王山層と黒瀬谷層の間で約30度の有意差を示す．本論で確立した古
地磁気層序に基づくと，医王山層と黒瀬谷層は前期中新世末期に対比される．また，古地磁気方位と岩相変化を比
較すると，急激な回転運動は火成活動の盛んな時期から海進に伴う堆積物供給期間の転換期にあたる．日本海拡大
イベントには，その後半に急激な回転運動のフェーズが存在し，その結果，本研究地域である日本海沿岸の堆積盆
に顕著な環境変化をもたらした可能性がある．


