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Abstract

This study aims to reveal Late Pliocene to Early Pleistocene geomorphic and structural
evolution of the Omine Belt, North Fossa Magna, central Japan, associated with tectonic movement
of the Itoigawa-Shizuoka tectonic line. A comparison of the paleomagnetic directions of a distinct
wide-spread tephra, which is exposed in different areas, is useful to detect tectonic rotation because
it gives instantaneous paleomagnetic directions from proximal to distal areas. The Omine-SK110
tephra with an estimated age of 1.65-1.60 Ma is distributed in the Omine Belt as Omine Welded Tuff
and in the west Tama Hills of the Kanto Plain as a co-ignimbrite of the Horinouchi 2 Tuff. Pro-
gressive alternating field and thermal demagnetization experiments reveal that both tephras have
reversed paleomagnetic directions that are almost identical to each other. As the west Tama Hills
had been in a tectonically stable area since Late Pliocene, there might be no vertical-axis rotation in
the Omine Belt. Thus, the Omine Belt would not be a pull-apart basin with left-lateral strike-slip
faulting between the Otari-Nakayama fault and the active fault system of the Itoigawa-Shizuoka
tectonic line.
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Fig. 1. Index map of the Itoigawa-Shizuoka tectonic
line (ISTL), Omine Belt in the north Nagano Pre-
fecture and Tama Hills in the western flank of
Kanto Plain, central Japan
Shaded area indicates the North Fossa Magna. Bold
line on the ISTL indicates the active fault system.
AMR, OKH and PHS are the Amurian, Okhotsk and
Philippine Sea Plates.
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<Legend>
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Fig. 2. Geology of the central to south Omine Belt

and surrounding areas, and sampling sites for the
Omine Welded Tuff
Geologic map is simplified after and Yamada et al.
(1989) and Kosaka (1991). 1-6 are the sampling sites
for the Omine Welded Tuff. EMF, KF, ONF and TF
are the Eastern Margin fault of the Matsumoto
Basin, Kamishiro fault, Otari-Nakayama fault and
Terama fault.
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Gotentoge Gravel Bed Formation

]:| Kazusa Group including the Oyamada Formation

Fig. 3. Geology of the west Tama Hills and sampling
sites for the Horinouchi 2 Tuff

Geologic map is simplified after Takano (1994). 7-11
are the sampling sites for the Horinouchi 2 Tuff.
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Fig. 4. Geologic columnar sections of the Oyamada
Formation of the Kazusa Group intercalated with
the Horinouchi 2 Tuff (HU2)

Location of the Site 7-11 are shown in Fig. 3.
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Site 1 (Omine Welded Tuff)
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Fig. 5. Progressive alternating field and thermal demagnetization (PAFD and PThD) results for representative
samples of the Omine-SK100 tephra plotted on orthogonal vector diagrams
Solid and open circles are the projections in the geographic coordinates of remanence vectors on the horizontal
and north-south vertical planes, respectively. Unit of magnetization intensity is Am?2
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1. Omine Welded Tuff 2. Horinouchi 2 Tuff

w

1 E W 35 =
mDEC = 181.1 mDEC = 1735
mING = -52.2 T mINC = -59.0
ags = 9.9 8 ags = 9.1
K = 47.2 K =721
N =86 N =5

3. Horinouchi 2 Tuff at Loc. 9

mDEC = 164.8
miINC = -68.6
dgs = 6.7
k =305
Nd/Nc = 413

S

Fig. 6. Equal-area projections of site-mean remanent magnetization directions of the Omine-SK 100 tephra

1. Site-mean (open circles) and overall mean (open rectangles) remanent magnetization directions of the Omine
Welded Tuff. Remanent magnetization directions are projected in the upper hemisphere. Gray ovals cor-
respond to the 95% confidence cones of the overall mean remanent magnetization direction. mDec and mlInc
are overall mean declination and inclination. ag, £, N are radius of 95% confidence cone (°), Fisher's (1953)
precision parameter, number of sampling sites. 1-6 are the sampling sites for the Omine Welded Tuff.

2. Site-mean (open circles) and overall mean (open rectangles) remanent magnetization directions of the Hori-
nouchi 2 Tuff. 7,8, 10, 11 are the sampling sites for the Horinouchi 2 Tuff.

3. Site-mean remanent magnetization direction (open rectangle) at Loc. 9, determined by combination of stable
remanent directions and best-fit demagnetization circles following the method of McFadden McElhinny (1988).
mDec and mInc are declination and inclination of site-mean remanent magnetization direction. Nd and Nc are
numbers of stable remanent directions and best-fit demagnetization circles. Al-J1 and A2-J2 are the specimens
for PAFD and PThD. Four open circles are the stable remanent magnetization directions of specimens pro-
jected in the upper hemisphere. Dashed and solid lines are parts of best-fit demagnetization circles projected in
the lower and upper hemispheres, applied for principal component analyses by progressive demagnetiza-
tion experiments. The arrows indicate trend of remanent magnetization direction during progressive demag-
netization experiments. Gray oval corresponds to the 95% confidence cone of the site-mean remanent magneti-
zation direction.
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Table 1. Site-mean paleomagnetic data for the Omine Welded Tuff and the Horinouchi 2 Tuff.

Loc. Tephra Latitude Longitude S/D Nd/Nc D | Dc Ic MAD dgs5 K A [

1 Omine WT  36° 26" 20"  137° 53’ 46" 7/50 5/0 137.7 -21.3 1709 -50.8 0.7 4.3 3104 -81.0 -162.3
2 Omine WT 36° 26’ 48"  137° 53’ 57" 347/35 7/0 1349 -416 1719 -50.5 1.2 2.0 888.4 -81.6 -167.1
3 Omine WT  36° 27’ 25" 137° 53’ 30" 352/25 3/0 137.7 -53.8 1766 -60.7 1.4 11.7 1115 -84.2 -68.1
4 Omine WT 36° 28" 38" 137° 53° 19” 357/30 8/0 149.0 -56.9 200.3 -58.4 0.8 3.2 303.0 -73.8 32.5
5 Omine WT 36° 30" 49”  137° 53’ 30" 17/25 8/0 159.6 -46.3 189.2 -56.4 1.5 2.2 640.8 -82.6  41.9
6 Omine WT  36° 33’ 57" 137° 51" 03" 317/45 3/0 139.0 -53.5 181.4 -336 0.6 228 30.2 -71.7 1336
7 HU2 35° 41" 20" 139° 23 27" — 6/0 162.0 -63.3 — — 40 51 1750 -73.6  -91.3
8 HU2 35° 38 13" 139° 22" 21" — 8/0 188.7 -56.0 — — 22 7.4 1887 -82.9 392
9 HU2 35° 37° 46"  139° 22’ 00" — 4/13 164.8 -68.6 — — 126 6.7 305 -70.4 -169.5
10 HU2 35° 37" 53" 139° 23" 28" e 5/0 180.7 -55.6 — —— 45 108 51.3 -89.2 3.3
11 HU2 35° 36" 22"  139° 23’ 55" — 8/0 167.0 -49.3 — — 37 9.0 392 -77.9 -155.4

Omine WT and HU2 are the Omine Welded Tuff and Horinouchi 2 Tuff.

Latitude and longitude of each locality are

shown as the World Geodetic System 1984. S and D are strike and dip of sedimentary rocks immediately beneath the
Omine Welded Tuff. Nd and Nc are the numbers of stable remanent magnetization components and best-fit great
circles to calculate the site-mean remanent magnetization directions. D and I are declination and inclination of in situ

site-mean remanent magnetization directions.
remanent magnetization directions.

Dc and Ic are declination and inclination of tilt-corrected site-mean
MAD is averaged maximum angular deviation of stable magnetization com-

ponents. ag and x are radius of 95% confidence cone (°) and Fisher’s (1953) precision parameter. A and ¢ are latitude

and longitude of virtual geomagnetic pole.

300~530°C D & 2 (KPS DELPH TR L7z, 620°C @
TERATIALSRIE 12, —H2C VRM 23BR2 & N7 T BE RS o
WEALERAE D 6~22% TdH - 7245, HIL 10, 11 TR TN
ZN61%, 47% O Ddb - 7o, BT LR DY
'3 2 R EEFPE IR IA) = O & LA X o R Ao
TEBRALR DB 5, £ 5D MAD 328~
10.1°Th -7z (FED.

iR 7, 8, 10, 11 ORI AA1E, WA 162.0~
188.7°, (K1 —49.3~—633°Th -7 (&1, X6-2). *
NoODaw £lEFNEN51~11.8°, 39.2~1750 TH -
7o (& D.

ME9: HAIDORKA D 513, LE ALK &
PThD It & - T 10 A 4 &Kp a3 7B o0 538
St hs, PAFDIT & » TIZEEW 51tk - 7z, PAFD
DHEFTITRE - TEEWAL~ 2 Vo mA AL &5 S
BT, R FaE X2 5 Bla X e b, %
MR ETid kH 2/ K2 icZ (kL (K5 ol
M9 Ok BD. T LT, EREWALHRE ZH#AT» S 15
~45mT D& % HHEM £ TR L, 0% 80mT %
TEBUREMLAL choid, HiL9 0k o VRM
MZDE OISR TIEF IR E L, LEBBE b
3 E VRM DRI A =27 M VDB > TWB T &, 80
mT THIEMED VRM 25ELIcfriancuninc &
R LTV A,

PThD T3, LERWALE D WD Shic 4 DD
DR 13, FiEh 5 100°C & 2\ iF 150°C D
BHCHRD, 100°C & 5 W13 150°C 72 5 200~300°C D & 5

B P TN L, VRM &AL ENBELE» S
X ) BT LRSS D Stz (X5 DS 9 D
Fr B2). AR LBREE 1, 200~300°C D & % SR H
5 590°C & %\ i3 620°C OEHIFATIFBBL RELD L,
620°C DEAMALIREE 13— 1< VRM AR S Mo iHi
B O LIRE D 6~29% Th - 1. —F, 1oD
HH T E 590°C » 5 620°C D EIPH TEERE A LIRS A 100
fELl BicBEin L7243, CHEIMBAEERE: Uz &
b b, EREWALEREE T 2 R T MR & O
i & kin) & ORA 2R ZE BHALERY 3538» S 1,
ZN 5D MAD 13 106~140°Tdh - 7= (3 1).
FESTHALS S DR SNk - 123 T, R
(LBREE IR F I 5 150~250°C D & 2 jH kBB o &GpH T
D, 150~250°C D & 5 (KB > © 200~400°C D &
5N O TEM L 2. £ LT, HOETIC
P - TEREWAL~ 2 b v oREA IR X 2 SEEE X I,
RAE T E DS B ZEfernic kL, FmEETX
LT RAERH K&kl (®K6-3). ehlllbo
TR EHE T3, R LSS 3 BB Licw, &
WAL~ 2 v HEIEABANCZELL 72, 620°C D%
AL 3 E R ORARALEE D 8~55% TH - /t.
ok, MR 9 DR OLEBHALKSY & VRM @
Tr7Za.yd v SRENERL > TWA DI, LIER
{bES S DA TAARD S s,

M5 9 OSBRI LT AIE, PThDIC L 3 4 DD%
TE SRR LE Sy @ H ] & PAFD, PThD IC & % &8t
13 HOE KM O S, fFA 164.8°, (R —68.6° &K

— 170 —



KlE—SK110 7 7 5 O driigE & 5 i

ot (FE1, 6-3). TDag, £ lFTZTNTN6.7°,
305 Th -7 (F D).

5. =&
5.1 KiIEAERFIKEBLIBEZAE 2 Y 7 OEMES
pagivs

MR 1~6 DRI TARS B S T8 O Bl R DR
RGO IR 181.1°, (Rf§ —522°TH b, £0D
Qo KIZFNZFN99°, 472 TH -1 (X 6-1). 1z,
M T~11 OIZNE 2 & 7 ORSIIERER L AL 3R
f1735°, fRFEI—59.0°THV, ZDags rFTHTH
9.1°, 721 Th -1 (K6-2). KRIGEHEEIEREEHZ
N2 & 7 OB IS A LIS, HisS 1~6 OBIZE D HiBK
W50 (RA—17.5°, (KA 50.5%), HifL 7~11 OTE
DOHIFRRES D Hn) (R —6.9°, R 49.1°), HLOAHERT-
RS GE L 2B 1~11 OHIBERBHE O A (R
0°, fRF55.1-56.0°) ECEITTH S, TDXHIT, Kig
IBFEBUR S8 TR 2N 2 ¥ 7 OIS R0 2% 13
80°TH Y, TNENOHHHKHFLIE S > —HD ag
DHEIFICA D, LIchi->T, KIEEEEIK SR EJE 2N
F2 5 7 omMKIAIFE L S Hlrs 5.

KIE—SK110 7 7 5 DGR 5 T b 5 KIEHHL
K5 g o B BBl 13 B B 1l (thermoremanent
magnetization, TRM) T& 0, ElFHIHOHEZ N 2
5 7 OB S HERE AR b
magnetization, DRM) T®» 5. HZHNFE2 ¥ 72813 S
F N5/ HIE EEE A~ R DR > 515, =D
HERG S (3G O HEREYIC LENTIRR IR & <, i
WWOREbREVWEEZONS, £, WIHFE2 ¥
7L 70 P OBIKE Vv BB AZ T TE S
F, HREEOREZEELTVE, Ihohs, HeH
%2 % 7 ® DRM (3 HE 5 [6] I 5 B ik {. (depositional
detrital remanent magnetization, dDRM) &# 32 541
5. LIchio>T, KEEFEEIKEREEHINGE2 5 70
B, BEERECESS NI EITis, 0k
1T, WALHERSHRE O 515 5 KIGIAREEICETE S Y2 N
$2 5 7 OGS A NS —Ed 5 T &3, mEOKE
BALDEESEHEAIZIEE U Th 5 2 &, AL A
HITLETH B EERET 5.

5.2 TREAEEETE D S RTEAE ST O KIEF DR

=R B (2002) (&, /NA—HLETE O REI O FEE
=R & RIGH T & bIcHET AL E—FERE P
H OGRS L, JLPE—RIE M D EfES ¢/ e —rh
LG O Lk NaERIC X » TRk S e & BA .
LT, RV KIERICEE 3,000m LI EOEWHIEAS

(detrital remanent

WL TWB &S, RIEHEZLER#ETEE)ZTH /N
B—rhllrE & EWERIC L - THE NI T LT N — b
HfEmE AL, bLESIRLET R E, KNEHOHIE
GRS O BRI » TREFRHEI D ORliE% L e &5
ZAbh5.

—H, AHETRRNEEEERINGE & 2B EREET O
N 2 5 7 OIS A —3d 5 T LML H
ot WENE2 4 71377 M=y 7 BEEAZD
TOWEWEEZOLNSB I E0D, KIGHEBEIKERE K
BEtEl Y oEEEE L TWiEWT &2 5, Lih-T,
fERTHE LURE O Sk ) || — B SRR o rE B, Ky @
AR, RIREEET 2 O RTHASEET I O KIgH 1 35 1 2 HilE
DOHERE - RIS 2 320EZ D5 B, /IMa—h
LTI & SRl || — SRR E ARG W8 R O e 3 haEE) o
EE: & 77— MR & L CoRIERHEZERL
= L (2002) OFZ RV, KigEE T
TN — M HERER & AR E U oAb db B — R rE P S
O RS 13, KNIEHE TREESE km &/ TSH
o, /IE—thilirgorIcRonhTw s (K2). ik
132> (1989) DX 5T, < OfFERIES I/ Ny —rhLkE
DIEFOATIER SN EBbn 5,

6. HHLVYIC

ARG TR, LI O R |5 S R o 158)
B, L7 + v U= 7 F GO RIGH ORRIR, HIIRE
Friten S RTHARETE O KIGH 1< 35 1) 2 Hifg D HERE - AT
XA S iz d 5 7200, BilERTHIE O Kilg—
SK110 7 7 5 & L TXHH & 1 2 KIGH O KIGiakS g
B8 L BRI RGO L EE B O N 2 & 7 Ol
WSBIEZT - 72, T DFER, KNEBEH-EIKEEE 77
b= 7 BERAEZITTOEWIRZHNE 2 ¥ 7 O d I
[ALLS—E L7 T & 5, RIEIAEFSEICE (SaliE %%
FTWHEWEEZ OGNS, Thid, /PMa—diLkiEE 4
Bl —FBHBSSEREERo AT hEIck - ¢, 7
W — PR E L CRIBEDNIER SN/ E T 5 =
e i (2002) OFZITHEES LIS,
INE—rh LT &Gl R~ D thrust front mi-
gration 12 & » T, HUEH & L TRIEHHIRAZHIN S
MELzEwaEZ GHEA, 2002; Ueki, 2002) &,
INE—rRLLWrE & TG R O ERTEEE I £ - ¢, i
RHERE R & L TRIERDPIER ST w I EZ UMK,
1991, 1999; 7714, 1991, 1995, 1999; Takeuchi, 2004)
DEL LHPEYTH % haigmd 5 7edicid, Kigmd
HORERLZELE (X 2: JEEE A, 1989) o it &A
EEITH T ENEETH S, TN (1991, 1995, 1999),

— 171 —



AR

Takeuchi (2004) (&, ZHAEEHH O KERILZ 1S Rl
HEIDEMIRDO DN Z7Rd T &b, KRS
HaoMiESIch >tz LTWa, LL, KERLZL
G DN E N — R L8 DU 5 O FERIATE & 52 1 7o 4k
EE OIS LT 2 0T, KEBILZILE 3HEESOE
MimcEEICEA LAk T3¢, BEIIICETIC
BALKEKRTH2HJEEE D H 5. T DA, KIEFZ
B HRIOFEREEICH > 722 &1 b, KREBLZILAEDS
EBIRTH 2 ERTH 2013, HEEROME TKERLZL
EHO B ALAE ChrE D pEMEIrDNIE LV, T
D& S IEEEF - T, SHEKERLZ 1 O b i <]
EZITO TETH 5.

E i

UK HIER ST R AR #h A & ~ & — ofll
ApSHERdZ I L, RIS AR E L [EIIEE (A) TREE
THIEEOFH ] ICBMEE TV E, £ OflMEZ
FE L7z, MHERIZOREICH D, AHELAERERL
9. T/, MPERFRFEGIREHER O CRRE—RRE
"oaxy b IARELNET 0B E L, EE
B AERT - B TSR R o/ NHESER A1 13
PEXEEERELTOW A& L, Wl AT
La=h— v e YO HEEERIC I ESE M L
TWiefE&F Lic, HARRYSCEFE ORI ME I
d, A8 ICB VW THEHRINE Fleo TwiciiE £ L
fo. DILoBITE B L £ 9.

X

Elouai, D., Sato, H., Hirata, N., Kawasaki, S., Takeshita, T,
Kato, N. and Takeda, T., 2004, Deep seismic reflection
profiling across the Northern Fossa Magna: The ERI
1997 and the JNOC 1996 seismic lines, active faults and
geological structures. Earth Planets Space, 56, 1331-1338.

Fisher, R., 1953, Dispersion on a sphere.Proc. Roy. Soc. Lon-
don, Ser. A, 217, 295-305.

PIEHE= - FMEE, 1958, BSAMIPEZ O HEMYRCHE (1) —
ZEELBE QMR E—, HEEHERE, 64, 181-194.

B UARIFE 7 v — 77, 1958, Sk |—#fiifRdLEsic = 5 Hilk
DF=AE. HWEFHEEE 64, 431-444.

Ikami, A., Yoshii, T., Kubota, S., Sasaki, Y. Hasemi, A.
Moriya, T., Miyamachi, H., Matsu'ura, R.S. and Wada,
K., 1986, A seismic-refraction profile in and around Na-
gano Prefecture, central Japan. Jour. Phys. Earth, 34,
457-474.

Ikeda, Y., 1983, Thrust front migration and its mechanism:
evolution of intraplate thrust systems. Bull. Dep. Geogr.
Univ. Tokyo, 15, 125-159.

%R - 4R SC - RABIESE - SEN—F - E NG - (kL
Bk, 2002, [EEPURCHIlTE 7 b 5 R, BORURSFEHIRE,
260 H.

SIRMESC - TR i - thH 5 - BASRSE - SRS - i

=

% - Rt Rk - BIRFRE - NS - W 1E3E - olLlE
17, 1997, HUBIREEOHEEE K- v IHlEIC L 3548
FRIEWIE R - fRWTE O 2 ) » 7L — b ORES. TG
7%, 16, 35-43.

EfsER, 1958, ZFERBEPRIES & ATAEEI & DRIGR.  HIEE
S, 31, 495-499.

TNARRE— - (oREfSAE, 1983, (SUEMHHEOME. Gl bt
FiE (6 1o L HERIE), HEFEER, 93 H.

IORRRE— - (oRRESAE - =RBAT - FEIRSCEL, 1989, KHTHE D
Mg, HEE TSRS 6 o 1 EKIE), HEHA
A, 111 H.

IEWTEITTE 2, 1991, [HiR B ARDIERE  —0m & &kl
BRI S, 437 H.

Kirschvink, J.L., 1980, The least-squares line and plane and
the analysis of palaecomagnetic data.Geophys. Jour. Roy.
astron. Soc., 62, 699-718.

IR - SEAREREE, 1955, MAARGHIE A DO WD 5 “LbF”
IZoWT, HUE M, 61, 30-47.

ATRRAME « E SR - BASRsE - SHEER, 2006, Sk
R RS SRS R - A BHEE G W IR S AT
ZAE. HieFHEE, 115, 208-220.

IR, 1980, KlIEw Dies. (FINARFE 2, 15, 31-
46.

INIIER, 1991, RIEHOME &2 D7 4 » ¥ = 7 FFEERIT
Bl HERE SINKFHFECE, 26, 75-140.

NGRS, 1999, AL T + o = 7 F PR, RIGH OHVE &
ZDF 7 b= A, ATIHIER 21, 589-595.

AN - VREEIE - TR, 1979, JEEST 4 vy - <O F
PR O =2 —5FMUR (1) —EEHEM) [t o % =
R EEVURONEF &S —, HE 5%, no. 16, 169-182.

WTH 72 - (LIRS HE - Bk - BRI 7R, 1997, RIGKIRGR
HEREW): b7 v 7 RIERRIIFE D 7o D515 T 7 5. Hi
SMESE, 106, 432-439.

WTH 7 - FrHER, 2008, THRAKILIKT ~ 5 2 [HARYIE &
ZOEA] ], FETR RS, 336 H.

WAZ A5 - MHEZRE - 4 RE - FERLEE, 2001, SR@)il—
TR R AR TG T e SR A LA e nk b g D RS & S 4D
R GRESPUREIERE & K =) v 7 ofER). EFEr
7%, 20, 59-70.

Matsuta, N., Ikeda, Y. and Sato, H., 2004, The slip rate along
the northern Itoigawa-Shizuoka tectonic line active
fault system, central Japan. Earth Planets Space, 56,
1323-1330.

WMZAGME - IR W - R A - BNRE - HJIER - A0
H - s - AR - NHHERL - (R - B
B - R EE - B 52 - A - 85RKESL, 2006,
BEIERAR 2 A U 7o) | — SRSl e G
th—ARlE]) DOFEHANIE - SREIIA LR T, &
WriEhFse, 26, 105-120.

WAZAE ) - M ZRE - R EE - 4 RESC - SIS - 1
. =, HE - FH K- B - B NEE] - BS
f5-5H B -k — - SBI—F - /UKiER] - REIE
JE - R EE - LD - JHD 5 - KB R 3T - HrRE
PF - FORPRIGE - EJIERY - IORRELT - I JE - MRbC
HHERE 7V — 7, 2007a, S —FR G ST E %
PN I DB 5 & O MR RO SRR . R
G, 82, 25-35.

FAZAS I - MR - kLS - 4 REB - FHJJIERF - B F
Y] - FEIRTENGE - IERE T - P K - ARl - Nk
— WSS - hREEN - BUREHE - HPEE - HI
& RHT SRR 7 v — 7, 2007b, el —ihE

— 172 —



KlE—SK110 7 7 5 O driigE & 5 i

TEARTG W SRR T HIE,  FR SOR R R . = E
FEFTARER, 82, 37-44.

McFadden, P.L. and McElhinny, M.W., 1988, The combined
analysis of remagnetization circles and direct observa-
tions in paleomagnetism. Earth Planet. Sci. Lett., 87, 161-
172.

SREA - &, 2002, W7 4 v Y= 7R RIERKILS
D K-Ar R0 E Kl OHERE - 22, B AT S,
53, 439-444.

=F007, 1933, HUERHIGICHNG B G, EFTE OSSR
WT. HVESHERS, 40, 400-401.

=3 5 -ZE F - mEHIT RS 1959, TIEEEEI - /ME
No Fiefgiofgr —&=2) - /MR R E AR
—. WWEFIERT H#H, 10, 83-98.

EAEEE, 1998, thifaA, Kl o ik Fem R Y
—JBIY - GO IR . MUELSAMERE, 104, 184-198.

ERRRE - /NMrILR - BB, 1996, BE - REFRICHHT
2 R o KB K PR HEREY) & 2 oxf,. —FHEII
KWRHEREY) - I I K RHEREY) & £ o248 o f
—. HERERE, 50, 29-42.

EERME - BORST - FNFEE, 2000, AINchoedtic s o 5 6§
Hr— T O KRR HERY) & IRk LK E & oxtds kO
WA VB MERE, 106, 51-69.

/N &, 1990, MAREHIEERIC 5 1) 2 TG O TEE A AR,
TEWTE IS, 8, 15-21.

RABRIEN - i HZ R - Boe 42 - 2 - IAHEER - T3
B PR, 2000, EJEEICHES GRE)—ERRES
SRR O MG T, IHbEEAEE, 46, 177-186.

Okumura, K. 2001, Paleoseismology of the Itoigawa-
Shizuoka tectonic line in central Japan. Jour. Seismol.,
5, 411-431.

BURFSESR « RIS — - (LRSI - SR, 1994, Skfa)i—E
R RS IE RS TE R D OWETES)  —4-RSEWTE - I
MM b L v F g E—. MR, 46, 425-438.

BARISESR « HRIBEAY - SIR1ESC - BPIESE - R - KEE
75 - MIREE - 29I, 1998, Sl —ERRa s S
R DT DIEE)  — T - ARG b
Ly FRERE. HET, 50 GBI, 35-51.

Sato, H., Iwasaki, T., Kawasaki, S, Ikeda, Y., Matsuta, N.,
Takeda, T., Hirata N. and Kawanaka, T., 2004a, Forma-
tion and shortening deformation of a back-arc rift basin
revealed by deep seismic profiling, central Japan. Tec-
tonophysics, 388, 47-58.

Sato, H,, Iwasaki, T., Ikeda, Y., Takeda, T., Matsuta, N., Imai,
T., Kurashimo, E., Hirata, N., Sakali, S., Elouai, D., Kawa-
naka, T., Kawasaki, S., Abe, S., Kozawa, T., Ikawa, T.,
Arai, Y. and Kato, N., 2004b, Seismological and geologi-
cal characterization of the crust in the southern part of
northern Fossa Magna, central Japan. Earth Planets
Space, 56, 1253-1259.

HOR, 1999, AINhIEIC 9769 2 BE— FEEFT Dk
IKIER?.  HIERERY:, 53, 275-290.

E# B HUEE - B0 E - BEARE) - IAZER - Likk
N - RS - A RRL - AEER - IR ERZ - B
e TG - SRR, 2006, S| —ERRERE T

HAEER,  RET~PAARALES R O A INE &SRB AL
RELfERE. TEWTEIISE, 26, 121-136.

TIE— - (LIRS EE, 1987, sGHERE Y1 © Rl 7 W),
H AP el PR, no. 17, 92-93.

TG — - KEFET - HARBEA - BRRSZE - 2 10EE— - LR
1, 1995, SR —FFSERERTER A ) v 7= v 7.
HVELRAT .

FHJIERF - #AZAE18, 2005, KA — SRt S R IE W8 R L
DIEENCBLE U 72 RR) 1 B 0 A F . TSWEigE, 25,
63-173.

EEYENE, 1994, ZELPEO MEEEH HREHOEY. HthE
2FMESE, 100, 675-691.

SR, 2002, MERARICE T 3 ERBERTO T 7 5 BEOX
. BAEMIL Y 2#EHE SR, no. 32, 114-115.

TN 2, 1991, HREAAKD %4 77 b =7 2 & FHE/NEE.
MRS, 100, 540-551.

N EE, 1995, IR OZLE KITEE)  —hEbILHEER L
—. HTIHIER, 18, 92-96.

I, 1999, JHEEIXIC B B BETHDIE OIS & 5
7 b =27 2D%E. HTHIER 21, 583-588.

Takeuchi, A., 2004, Basement-involved tectonics in North
Fossa Magna, central Japan: The significance of the
northern Itoigawa-Shizuoka Tectonic Line. Earth Plan-
ets Space, 56, 1261-1269.

TN - PREREARER, 1999, JLHGRE—FRRIfHERR D & A
FU b= X IR HAHIES S TR 1999 4R
FkERL, ASL

ZEE) I EMMLAHEER] - IBETHERES, 2002, [HGHEIHE
HOZENRE» SEH L7 r K 7 'y BEMbA O FiE
HAWRES], BET, 15 H.

REFHPEHE 1933, FBfR - =iMiliEic o3 2 HrEfUg o=y
M F4EEE, 40, 799-801.

Ueki, T., 2002, History of fault activity based on the paleo-
geography and paleo-geologic-structure since Pliocene:
Examples of the northeastern Shikoku Island, south-
west Japan, and the Omine area of the Northern Fossa
Magna region, central Japan. PhD thesis of Tokyo Met-
ropolitan University, 116p.

FEARED, 2005, L7 + v ¥ < 7 F Pk, KRIEHEITHHT 5 2
2 D FIEF KRR O BURAEAGE. P,
114, 623-625.

Une, H., 1985, On the tectonic landforms in the northwestern
part of the Nagano Prefecture, central Japan. Bull.
Geogr. Surv. Inst., 29, 88-101.

IHHER] - BP0 £/ - L & - FEROCE - ks —, 1989,
20 J75r o 1 HUERE [Eilil, e

REA R - g - InEFEE - EISEAR, 1987, faAREHL
BIC S 1 B IR ARG 5. IR 1, 40, 89-97.

Zijderveld, J.D.A., 1967, A.C. demagnetization of rocks:
Analysis of results,in “Methods in Palaeomagnetism” ed-
ited by Collinson, D., Creer, K. and Runcorn, S., Elsevier,
Pp. 256-286.

(Received May 15, 2008)
(Accepted September 29, 2008)

— 173 —



