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Middle Triassic cephalopods from the Rifu Formation,
Miyagi Prefecture, Northeast Japan

Shuji Niko* and Masayuki Ehiro**

* Research Institute of Paleontology and Geology, 5-7 Nagaike-cho, Moriguchi 570-0064, Japan,

**The Tohoku University Museum, Sendai 980-8578, Japan

Abstract: Three cephalopod species are described on the new material collected from the
Middle Triassic Rifu Formation near Hamada in Miyagi Prefecture, Northeast Japan. They are a
pseudorthocerid nautiloid, Trematoceras aff. insperatum Schastlivtseva, 1988, genus and species
indeterminate of the Nautiloidea incertae sedis, and an aulacocerid coleoid, Choanoteuthis hatai
(Bando, 1963). The first species is indicative of an Anisian age. The new discovery of a rostrum of
the last species reveals the apical characters that closely correspond to those of Crassiatractites
and may suggest a phylogenetic relationship between Choanoteuthis and the genera.

Introduction

The Rifu Formation was named by Ichikawa (1951) for a
thick (more than 500 m) series of dark gray to black shales
with minor amounts of sandy layers and mainly crops out
along the Nagamachi-Rifu Fault in the central part of Miyagi
Prefecture, Northeast Japan (Onuki and Bando, 1959a; Ishii
et al., 1982, 1983; Kamada, 1989). Diverse marine fossils
of Middle Triassic age have been found from the formation,
such as bivalves (Jimbo, 1898; Yabe and Shimizu, 1927),
gastropods (Hayasaka, 1966), ammonoids (Yabe and
Shimizu, 1927; Shimizu, 1930; Bando, 1958, 1964a, 1964b;
Onuki and Bando, 1959b; Ehiro, 1992), coleoids (Bando,
1963; Niko and Ehiro, 2018), brachiopods (Yabe and
Shimizu, 1927), fish (Shikama and Murata, 1976), plants
(Bando, 1963) and trace fossils (Ishii et al., 1982; Kitamura
et al., 1986). Among these, ammonoids represent the typical
Middle Triassic assemblage in Japan and constrain its age
to Anisian to Ladinian (Onuki and Bando, 1959b; Bando,
1964a). The present study deals with the newly collected
cephalopod material from sandy shales that crop out at a
quarry near Hamada in Miyagi-gun (latitude, 38° 21’ 24" N;
longitude, 141° 02’ 18” E) and situates the middle part of the
formation.

In conclusion, three species, Trematoceras aff. insperatum
Schastlivtseva, 1988, genus and species indeterminate
of the Nautiloidea incertae sedis and Choanoteuthis hatai
(Bando, 1963), are identified in the material.

Repository.—All specimens examined herein are reposited
in the paleontological collections of the Tohoku University
Museum, Sendai (prefixed IGPS).

Systematic paleontology

Class Cephalopoda Cuvier, 1797
Subclass Nautiloidea Agassiz, 1847
Order Pseudorthocerida Barskov, 1963
Superfamily Pseudorthoceratoidea Flower and Caster, 1935
Family Trematoceratidae Zakharov, 1996
Genus Trematoceras Eichwald, 1851
Type species.—Orthocera [sic] elegans Minster, 1841.

Trematoceras aff. insperatum Schastlivtseva, 1988
Figures 1.A-1.F, 1.H

Compare with.
Trematoceras insperatum Schastlivtseva, 1988, p. 67, pl. 2,
fig. 12a, 12b, 12v.

Description.—Four more or less deformed and imperfect
specimens of longiconic orthocones were examined;
the largest specimens attain 141 mm in length and
approximately 14 mm in reconstructed diameter assuming
that it has a circular transverse section (IGPS coll. cat.
no. 112999, phragmocone and apical body chamber)
and 47 mm in length and approximately 18 mm in
reconstructed diameter (IGPS coll. cat. no. 113004, apical
body chamber with the last septum); conch expansion
gradual indicating approximately 5° in reconstructed
angle. Surface ornamentation consists of transverse lirae
with rounded crests. Camerae relatively long; ratios of
length per reconstructed diameter (cameral form ratios)
are approximately 0.3-0.5; septal curvatures moderate
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to shallow; suture directly transverse. Siphuncle central
in position and composed by short orthochoanitic septal
necks and cylindrical(?) connecting rings. No cameral and
endosiphuncular deposits observable.

Material examined.—IGPS coll. cat. nos. 112999, 113000,
113004, 113005.

Discussion.—Trematoceras insperatum was described
by Schastlivtseva (1988) on the basis of a single specimen
collected from the Anisian of the Caucasus. Although the Rifu
specimens exhibit several synapomorphies with this species
including conch expansion angles, surface ornamentation
and septal curvatures, their poor preservations preclude a
confident specific identification.

The present discovery indicates an Anisian age for the
middle part of the Rifu Formation. This result is quite in
agreement with that using ammonoids by Bando (1964a).

Order, superfamily and family incertae sedis
Genus and Species Indeterminate
Figure 1.G

Material examined.—IGPS coll. cat. nos. 113001-113003.

Discussion.—Morphologic characters of fragmentary and
deformed three specimens are as follows: conchs probably
orthoconic attaining approximately 42 mm in reconstructed
diameter (IGPS coll. cat. no. 113002); shell surface smooth;
camerae very short with directly transverse sutures;
siphuncular position and structure unknown. The poorly
preserved material is inadequate to determinate even at the
order level.

Subclass Coleoidea Bather, 1888
Order Aulacocerida Stolley, 1919
Family Xiphoteuthididae Naef, 1922
Genus Choanoteuthis Fisher, 1951
Type species.—Choanoteuthis milleri Fisher, 1951.

Choanoteuthis hatai (Bando, 1963)
Figures 1.1-1.L

Atractites hatai Bando, 1963, p. 48, 49, pl. 8, figs. 1-6.
Choanoteuthis hatai (Bando, 1963); Niko and Ehiro, 2018, p.
4,7, figs. 4.1-4.9.

Description.—An apical part of rostrum was examined; it
is conical and 31 mm in preserved length; transverse section
of rostrum is laterally compressed oval having 8.8 mm in
dorsoventeral and 8.2 mm in lateral diameters at adoral
end; outline symmetrical; apex acutely pointed with apical
angle of 25° and faintly displaced toward dorsal side to
form asymmetrical profile; very low but relatively wide keel-
like ridge occurs on dorsum; surface of rostrum is smooth;
grooves and lines absent; no alveolar region preserved.
Rostrum composed by recrystallized calcite; original
microstructure (presumably aragonite) disappeared.

Material examined.—IGPS coll. cat. no. 113006.

Discussion.—The type series of Choanoteuthis hatai
was recovered from the Rifu Formation (Bando, 1963) and
recently revised by Niko and Ehiro (2018). Except for the
stratigraphic match, this new specimen shows sufficient
features to allow specific determination with confidence.

Choanoteuthis is a rare and poorly known genus, in which
three species are currently placed, namely C. milleri Fisher,
1951, C. antimonioensis Miller, 1961, and C. hatai (Bando,
1963). Furthermore, their diagnoses are based on fragments
of the adoral stem and alveolar regions. The present
discovery has revealed that the genus possesses the
following morphologies of the apical region: acutely pointed
apex; faintly asymmetrical profile; smooth surface; and
absence of grooves and lines. The characteristics closely
correspond to those of Crassiatractites Mariotti and Pignatti
(1992; type species, Atractites crassirostris Hauer, 1887,
from the Anisian to Ladinian of Central to Southeast Europa)
and may suggest a phylogenetic relationship between the
genera.
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Figure 1. A—F, H. Trematoceras aff. insperatum Schastlivtseva, 1988. A, IGPS coll. cat. no. 113000, side view. B, IGPS coll.
cat. no. 113004, side view. C, D, IGPS coll. cat. no. 112999; C, side view; D, partial enlargement of C, to show details of
surface ornamentation. E, F, H, IGPS coll. cat. no. 113005; E, septal view; F, side view; H, longitudinal thin section of internal
mold of camera, showing adoral surface of septum as cast, arrow indicates septal neck. G. Nautiloidea incertae sedis,
gennus and species indeterminate, IGPS coll. cat. no. 113003, side view. I-L. Choanoteuthis hatai (Bando, 1963), IGPS coll.
cat. no. 113006, rostrum. I, transverse section, venter down. J, ventral view. K, dorsal view, arrow indicates position of I. L,
lateral view, venter on left. Scale baris 20 mMmin A-C, F, G; 6 mmin D, I; 2 mmin E; 3mmin H; 12 mm in J-L.
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Fossil conservation project from collapsed rock masses
at the Utatsu Tatezaki ichthyopterigian site: Interim report

KIL B2 * « KA 20 ** - BBl BRiA) * - JRF IEF] *** - |EF KTy ¥ -

TU—FY RY D I 5w B (R wooes

*RIAAFREFAMENE ~ B=EIHEEER
X RRAFEFRMER 0 RREHAFELIZE

RERFRAMFE (RFARE - tBEFHEYFHIZERR)

Masayuki Ehiro*, Misaki Ouchi**, Harumasa Kano*, Shuji Niko***, Yoshino Ishizaki****,

Benjamin T. Breeden****, Yasuhisa Nakajima*****
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Abstract: The first fossils of the early ichthyopterygian Utatsusaurus hataii were discovered in
1970 from the Lower Triassic (Olenekian) Osawa Formation along the western coast of Tatezaki, a
cape that extends into the Pacific Ocean at the mouth of Isatomae Bay in Utatsu, Minamisanriku
Town, Miyagi Prefecture, Japan. This site, known as the Utatsu Tatezaki Ichthyopterigian Fossil
Locality, was designated a National Natural Landmark in 1975. During the summer of 2024, a joint
conservation project to recover fossil specimens from landslide sites within this natural monument
commenced between the Minamisanriku Town Board of Education and the Tohoku University
Museum with the permission of the Miyagi Prefectural Board of Education. Since then, a large
number of fossils from the Osawa Formation have been collected from fallen blocks of mudstone
within the landslide masses, including ammonoids, orthoconic nautiloids, brachiopods, bivalves,
thylacocephalans, and vertebrates. Among these, ammonoids are the most abundant, followed by
brachiopods.
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BEANHY, ITNSOMEAEEEFOWRE L (B2).
Oy 17 MREIEOF L WOVE, REMSDBELG LI
DWTCIEERIRT 5.

EHIEE=EHEERZER - RILKFEREFZMZEDH
b EGoTED, FED L EEYMMREDBNEFIEH
XA Fv—t R —KEDE, Hookes 7 & #mDEIEPIER
NOBERT HHEEEOEEDHIEFT, DN 22 HE,
DN 119 ADBIITREENT.

2024 &

68 6H-7H : RMRERTMERAES LUFEMDL
A" RE FiREAE | SIMEE-ERAE - BEiiE
BYEE - EEHHT - AL AFREFMEE (LUTE
BFMT YR & BE5E)

8B 5H-6H:HRAT - EiRFEYE, #HED<H
EMIRE, XA Fv¥—t 2 —KDE - Hookes,
F=EESHe, MEFMEYE - # 5D EY)
b S|

8B 19H-21 H: BREAZR, H#EOHEYHESR, X
AFv—t2—KD%E + Hookes, B=[ERHBEZE
BR, HREFMEE - #H50 < BpEE

98 2H-3H ! LBAE, HFEOEHEYMHARE, A1
Fr¥—t B2 —KDE - Hookes, M=FEHIHEEE
=, BEFMBYEE

9B 12HB-13H : HRAF - ELBFZBYEE - ELH,
XA Fr¥—trRZ—KDE - Hookes, E=FEBIHE
ZFER, BEFMBYER

9B29H-30H : %1 Fv—t>2—KkMD= - Hookes,

HEDCEEMHRR, BETHNEFMER, KBE
S
2025 £

3821 B FEHE - REeFiiBeE

48 1H-38: BRAF - EIIRF2E - R, X
A1 F ¥ —t2—KD% - Hookes, m=PEEIHEZE
Bx, HREFEiiEyes



8 KILEZ - KNERX - Beiist - BFER] - AaZE)h - 7V VP v I IERE
412 B -13 B RRAKF - EIRFEE 21 Fv— LB
22 —KRD% - Hookes, #EF1MTENEE
6R14BISE: XA F r— 22 —ROK - Hookes, |~ i
HEDCEENIRE, MEFMEYE [Dj B A
8H30H-31H: %Edﬁ% ETH P Y - EERSHT,

WRETAE, XA Fv¥—tr2—KDE + Hookes,
REFMESYaE
98 22 H : MseEMEYeE

2) BEIEARIBMESR (WThEBEBREESE. 714U I
ZlE, BFRES . PR IS AERBIRDE DT, TDROEE
1,dH %)
REKASE - EiflFiS8E - ERH A I508, AF3ET,
a5mME, RFRe, RBEXR, HiE 2 HF=EN
%
[EEXE | RFEF
REFMHKE : "ERE
HFEDKHENMMAESR | SUHE, AZRE, BT
EF 8, BAER aRFEs BAET, BihisE,
H B F ELH TETE BEE2HX
HERHBEMES | F, SHEEY, SRrE K
BER, BREL, T R, BH—E @ BiE
=% [k, FEEE N\BLZX
XL F v —t2—KND%E-Hookes: K7L,
LIS F
B=ESRE B B
BA=EEHEEER | ANEK
SEMNEME - B0 B KLEY, =ERIE,
EEMAREE, JRANEEME, 1R T, BARINE, ABA E,
TR OE, BE W BEEEA, RRBE
—ig . REEK, FHESL, WWEEM

S HER S

4. HEMIFOME LRESNALBDEE

1) EfEE R AR IEE MBI DEHREF

955’* E"\% IguzeRiBDREBEAEMNURASZLE] D
EfEEIcBW T RE L LT E*htﬂiﬁﬁﬂhﬁ}”—#%ﬁ
3, ﬂ/ifﬂ:@/&b\bﬁg/& LL\TLé'@‘J‘EﬁG/ :Hf;%fq_: &,
RADERDSEHDEDEICAD ST, TLBAwA%
HOHE. —FjKNEPjB_E_%$|E#EE¥UD$E&E KRE -
}—L@E FERBHIBXSHET S (X 3). REMDEEIETE
FEYHROEEICIETFHRE - AORBH N EILER, BRI TE
HT% ( 4 fRIBFREDIL— F< v ). T OHEE Ehiro
etal. (2019) DEEIF A XITHT=5.

BIBORFX IS TFHEBEONEPHEREERN S,
FAEE, FHBER LHOWEREERBD LMIIC, BEE
HROFRBHNEZ SN, KRBTEICIELIELIEHEPE
EREABNMNITEND. FHREOR LM ZEIWERS

’ ey T -
55~ ﬁﬁuﬁ&tﬂ_ﬁg iﬁ'-g‘éﬁ B
an;l KRR

FREE

FERE | g
a 1 | ’/ — /{)l’j-\%
141°31'59°E 2t
38°42 41N

X3 m=EETFUROEDEL SEIRICUN 2D
BR. XORBOZCAEM (RBIE A #iXE L ULE

I B #1X) DAIBE%ZERT.

BREL, EfsTHOREADBFIEDILIGS K O RmERIC
THICEHL (K4), ZOEMITIERBE IO 1) %)ﬁ
DEE 5 mm-20 c OWEZE BRI T SRINES (B
#}10m), ZOEMD ) mm OWES I FEIEZETGHEIR
E Q0m), 3) MWEEBBOMWEREER (18m), 4) iFK
E (18m),5) BREMEMER 3m),6) BN (6m),

NRKEE Gm), 8) AoV TiEEA2T 2 EREEE
Q2m), 9 HIREE 25m), 10)BREE OmLE) H»
BEXEHR2 (K4 ORK). BEMHN CRERMERERT
TNTWVWBRAEAIE D OBIKESDR FERICEENTWL
%. Ffz, Shikamaetal. (1978) T nica&ELAIL, 4)
BHEU9+10) BHhSEESNTHY, Utatsusaurus hataii
DROZA TDELBAEIL10) BEHETEINS.

2) FIIRESRDEE L RESINALADEE
e " 1Re& " RROWR LI5S AR, EXRALERMD
EEMAD 3 577 (A b Tz-1, 1222 85XV Tz3 1 K 2,



IEBIBORBICAEMDERRERL S DILARELE) (PERS)

BEIRRE

1 2 = ) L1
) . J—
ERE O ALBI - ghGERE | EREOWE
BOBEE e - WIRES ey
RAS B BRERVSen |

E | wmikiEE O mEnwE - REWESER

Efp= D umnm .| mE-ER

: . PEESEE ASUTE
______ F)é:ﬁﬁ' 2
------ B <= A FEIE = AR
M4 FoERERTEEREOERASRUIEEMELID)I— by TELUMBLERN (KARER). Tz-1-

Tz-3 |3EEEM ((bARER) ONBELBEZRY.



10 KILEZ « RNEEX - EEESTH -

4) T, T3 HREFZEDORBEHOREL. Tz-1 HKXU Tz2
FIRMRTFRTEADICAICH Y, TDEEIZIFIZFELCT,
RMREFERTEALY 1-2 mRBE LD, 4) OFBKBED
TEDREDREM CHS. T2-31F, BMRERTIERD
FRBNCD Y, 2) DiSINEER TEDRED FEER LT
TWa.

Tz1ELKUTz2: 2D2DDH A ~E, BEES 15-20
MEBELLIBNTEST, LBRDLSICIFERABETHS.
2T A EDSIEUTOLSBLEIRESNTLS (W
T b EEDEED.

TUER/AR AR, TEK

- THE AR (TNTNET, Tem KIF)
- BREEhAE ¢ 3 Ak
SRR @R (T ADE 1 EE, EERBOER 7 1 @)

- (BEEREYMOF - KRG EDBF) -
- RERIAREMEE () D18 =

2

Tz-3 : MHMIBRABEADBELY 20 i m FRIOAR
BTHOREEHNPPAREGAEEMELG L, SHOREES
JBHOMEE LT DOERICHERT 5. EHbAE, ZHE
ENHNEGTBMA Mea) 2oTlE, TR/ AR
HRbZ <, ROTHEBNENZSHEFET S, TOMmD
ftEREDED. WINERBREFRICHRMICEEN, BEL
TEEBbARZEZT T &IdE0.

TUE/AR DA LA D REOBVMERE
28, 400 BEL EDRETNTWAE, 9B ED
Hellenites BIC/B I AE—fE &L EDON5. Fik, x@
MEHERLY Pseudosageceras = DZE, 1F&EAEDRR
FE (BEEICETIEER L TFD) 0)37«17\1%7?

NTW5. THSEBRRERICKY EFEANKbhnic
t%t%&?ﬂ%
EAAT (BHRA VLA 25@E. DL
21&.
- THE 6 IR (TNTNET, Tem BUF)
- BE B W 48 ¢ 150 1@ 1K UL L. % < & Bronzoria recta

Ishizaki and Shiino ¢, Z ORI FEEES KU EED
YIEE ? N BERE ENS.

- B REAROARELNGZEDOEEH, VLD
12 EAENE SN TS, Ankitokazocaris bandoi Ehiro
and Kato ICBEENAHDE, TNEIZERGZ B PP
KBDEDTEEDNHBH, FIBICDOWTIIREIHTH
2.

EBANE-RES LS BEREOR-BH L 18 B OF
Eﬁi)\tr\%@%a@) BLUERBDOEME 1 I

- EA 6 A

=2

- FERIABREA (7) 110 =

RBFER - BFEXTY - TV—T XD v IV

- RERE

. RESNIALRDREPIAR (FRERE)

N7>E/A4F

BB OERRERALXIWMREMDOY 1 ~ T2, Tz-2 5 K
UTz3 053 TA40EEULEDT VES/ A FHER
EENTV2H, REETREDBVEREDNETHRAER
REDZTWN 10 EFENBE=EIHEEZE S (160 @ :
UIM30633 ~ 30792) &L URILREHEEZEMEYE (30

B4 : IGPS coll. cat. no. 112969 ~ 112998) |[CBiFEN, <
Mol OW TR EBHmN ZRIEP TH 5. EF] - EhlD
MERIFLIT D&Y TH 5.
H A b Tz-1: Pseudosageceras sp. 1 184K, Prenkites sp. 2
EA.

A b Tz-2 : Albanites vulgaris Zakharov and Smyshlyaeva
1{8&, Hellenites sp. nov. 2 {&l{.
B A b+ Tz-3 : Hemilecanites cf. discus (Arthaber) 1 & {x,
Pseudosageceras sp. 5 {BI{R, Tirolites? sp. 2 {@{&, Hellenites
sp. nov. 173 {8{&, Procarnites? sp. 1 {&{K, Kazakhstanites
cf. zakharovi Zharnikova 2 {&{.
BAEPREAROREROEZERNELIFEFITANTH
Hellenites sp. nov. ($1#&) & LTz DIc K< BTHY, 7
VE/ARBEEELTUT I EBHOEOOH TEMT HERGRE
Y & 75 > T W 5. Hellenites sp. nov. l& i€ & Subcolumbites
perrinismithi & ENTWEARASRE FIRROBFLEE © 5T
WaBH, TOMFERES K O%LA’]‘?@HZ% & Subcolumbites
DZTNS EIFBEBRICEG >TEY, ﬁﬂ?ﬁgzbéilf%_/\%?d)
Zﬁ‘é c‘: &, Hell enites &/ &EM@F %. LHL, @%E
[CEEHEDL %?/3‘5%‘)%3’% T EPRR EILL’(E&%]‘H?J
7‘3‘%{33 <, FRANCHESHRT, BIEID Hellenites DFE & 1E X
MEND. INETERIBHNSEHGEWVWLELRREDD >
1z, Subcolumbites cf. perrinismithi (Bando, 1964) & & U S.
perrm/sm/th/ (Ehiro et al, 2019; Shigeta et al, 2024), LT
E%Fﬁj@a@ﬂ(/ﬂ% H5 Shigeta et al. (2024) [ &Y DE%Z*
Nz S. perrinismithi & 9 X T Z O Hellenites M %1 #& [T
TN, (EREBBORBNMAEMDAOREL, 7‘/36/ /(
K@D Subcolumbites perrinismithi T lc & E N5 & EN, T
ZEREBOR/NY T VEEREICHTEEENT WD, S
perrinismithi DERDNEEINIZDT, ZDFMEENRTLL
ICIEEBSDRETH S, FEGR T VE/ A FZERS TR
7. CKLEX)

2" BAE" (ERBTILAE

BIEOEEERATIMRERDY 1 f 23 D5l
% TIC 25 (B (1283 0-01-0-25) DB~ 1118
ESRRENTLS. Thagnat, RECE. #A
BB, RIS 2R, SEFRL length/width) 09

-14 %T@L’*” (type 1) &, & Eiﬁfﬁb‘*\é%*ﬂb\&%%ﬁ?
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5 YA Tz2,Tz3EDETERT VE/ 4 FLA 3 DA Tz-2, fibid Tz-3).
NFMEIDHEAK (1b) B L URERE (10)

112974 OfIE (1a),

7a

1-2. Hellenites sp. nov.; 1.1GPS coll. cat. no.

; 2. IGPS coll. cat. no. 112975 OAIE (1a) H&

URFr{b LT BEERDHE A (2b); 3. Albanites vulgaris Zakharov and Smyshlyaeva, UIM 30637; 4. Hemilecanites sp.,

UIM 30633 Ol

(4a) P LUREEHKR (4b); 5-6. Kazakhstanites cf. zakharovi Zharnikova;

5.UIM 30792, {8l ; 6.

IGPS 112998, $8&14% ; 7. Pseudosageceras sp., UIM 30634 OEIE (7a) H L URELRR (7b). RELDHEWRT —/UI 1

am.

RILKAE 4°, [UEFRLL 21BE DR (type 2) LICHEET
T3 (K6). MEHLERESRIIERN TRIAHICERT
5. 2TOEERTHRER - OBEBIZRDN TV 2. &REEK
i$ type 1°C95 mm (0-01), type 2 T 56 mm (0-12) ETB.
BROBE#BREEL DT VLA BIIEAAETFENS T

EBBL. LD, TOMFIERIICIESEBTIL FERE
AL LRHERICT 2 4B, WEOBAE (417

[
2B8), #E (Va—RAIWVESZAE), BAAR (7

5F /452B), AR (IVRES528), ORICH
3. —BEICAEIC BT, AFRGEMADENT &
ICMAT, BETONMERLRHSNDH, HEHTAE
DHICES SEERETH S & EhRIEBESEL. BB
D Tz-3 EAZAR type 1, type 2 DIRBAREICH Y, HA
B HATRIRZNZNEIERR B4l N E 2RI
ALTLBOTESHIERAERSE LTS, BAE - 5§
BAGOWNTN TS MBS A ERED B A



12 KILEZ « KNk - BEEIES ) -

1cm

2
1. type 1; 2.

6 YA hTZ3ED”
type 2.

EfA " 1EaDH.

AAXRTHD. HERTORBATCIEET " EAR" (B
A A48 : orthoconic nautiloids) &8 E A AEEBEL
ERMElchD. (BFER - KILEZ)

3) B R ENEE

YA M1 B KO Tz 3 H 51 150 {EfER L _E DB 2 B
{EEIREETNTLS i?’\'f®$5$7b\*7‘/( kTz-3 5
SEHLTHEY, £ U) 7(3&75\ Bronzoria recta Ishizaki and
Shiino (M8 1@E{ALLE) T, IUWT Lingula sp. (5 BURLLLE)
TH5 (K7). HAPRERENEDETEZVEHDD,
Bronzoria \C & <lfe 7« AFFRmBESOFHE T .
Bronzoria rectg SRADWERE L CE GBS 15 BHALLE,
BEA BRI E TR 66 (BRI L, Eﬁmb\ 37 @ADL ERET
Nic. —ATESEER LTz Lingula sp. 1& 9 N TEEAEET
HY, ERRFINEHHOFMIIR P TH 5. A&l Murata

RFER - BFE - TV—T X Iv 3

(1973) &k Dfiﬂﬁ*ﬂt%@@ FOBRY YA
BODBAERDBEICK ) D BENBEEINDEEZ>T

B, BEREHL E@bﬂ?b\%

Bronzoria *° Lingula B8 &N 5> v =Y A1 BIE, —
ICERRRBICESNEZ I ETHSNTWS (eg,
Dustira et al,, 2013). 4FIZ, NV LAKEKRD K EH I D [E]
BHICHEHE T A TR AXRBHISELRT 2HESHT
&, INETHERBEDEKEFRES L TibnTER (Chen
et al, 2005; Ishizaki and Shiino, 2023). £M(c, WHED
Bronzoria recta & Lingula sp. DEHBEIZ BB R T CHIE
Lfc&ZEZZ5NTWS (shizaki and Shiino, 2023). &5
DREE, FERERRFTIC & > T Bronzoria 1E IV LR E Cle B
H:n'?’%)ﬁi‘%ﬁ’]ET/r AFFEEEERY, H’E"Q@W%?Lﬂ

DIHBOMHBEMED T EHNBESHICHE 2Tz (Ishizaki and
Shnno 2024). T OMIMEFED T & T Bronzoria | BEEEEE
KUBESHEEN, KRBOKLSGRIERREDSTE
ﬁ?ﬁ%&%i%h?b\% (Ishizaki and Shiino, 2024). =
TOYVIU FTRESNMLADS S, BEEEMTH UM
—EFRENE LAV DER TLH2REEDES, 1t
AEHBEDRERENEENICESDERREZ ML
TWa. 51EHE, {LEDEREBITCOEFTNES &, E
RPEBBRBOBRSEEhE TERMmL, HEREDAERICEH
AT, (BSET)

4) TEELR

Z:EALAIEL A MTzB3 D5 R ELEEDEED 22
BAELNRESN, ZDDEBERICEBRAENFTESLA
i 2 EETHS. TNoDRERIE, Ankitokazocaris bandoi
Ehiro and Kato (1 1&1%&), Ankitokazocaris sp. (1 {4 :
8-1), Paraostenia sp. (1184%), Concavicaris sp. (1 1@ :
®8-2), FEICHASHEEDES (284 ©83,
8-4), BLUFBARBORS (618 Ths.

Concavicaris sp. & LTz f@fR| i BEDOEIHARITTNS

. BEDADDIRELNEECE S FROBEF 47

mm, *EE*M%E*Li%th (%E% rostrum) D %cin
D5 80mm IBE BN AT TH 5. Z DEUAIFYIIRZERLE
KELCBHALWEHEZE D, WPRERLZE SZHZHEDORIR
& KE T Concavicaris bradleyi Meek (1872) [Tl
B, B 2ED C bradleyi K I EFUVTWVESRTCEGES.
Concavicaris BIEEICT R VR, ARZKDSRENH BB
THBHH (Meek, 1872 ; Chlupég, 1963 % &), FUuEDEIF
BHIRDAREBTEHNS, NUDIETHSHH, Concavicaris
parva Ehiro et al. B8R & T L. T LN % (Ehiro et al, 2019).
Ankitokazocaris sp. & LT @& (K18-1) (&, AIEmOEHA
|CBEEERIE (lateral ridge) &€ D. FREITHEABDIDF
EJ B 2M{EK (K83, 84) I, BEOETIE 12~ 15mm
BE T, $%5< Microcarididae BHIZEF %. Paraostenia
BOM@EEIE BB XA S HRE X Nz Paraostenia
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7 YA b T3 EORIREME.

sp. (Ehiro et al, 2015, fig. 10) (CEEBILTWLS. D 6 {BfF
ITDOWTIEREOREISEHSH T, BRORIH2~4
MBETHAHZ D5, HZ5< Concavicarididae FHIE
TBHEEZISNS.

Ehiro etal, (2019) IFBEIBAMMX A 5 KB D EEE
Ostenocaris? sp. ZRE L TWBHH, TOBEFT A b Tz-1
ISR, T2 KM T™MITHY, BRBELADRMEREFRZ
$O))§i%’€cl: DEDLUMIICMET 5. T3 BEILZESICT

ICHD. RETHTRONTCEBRIIRFLNHFTYRC

L\c_ EDS, E5BBBHADPRETHSN, KREBHH
BLEBETI, PEELABCADRMERFERABEKX
DTRRITE, 8B - BiEOEEEHNEE L TV T &R
Shélxofz. (BEmESE)

5) ERLE

RREBTIEHBABEDLAIIBO THTHY, ThET
ICREHINARRIE, FROBRAR—VEREEAMERIA
DEBEBCERBINIERA RNy XABDOE 1 XDHTHS (M
BEIEH, 1995). LHL, ZDOEERANMREITN TV EE=
FERTFUED A EBEEIL, 2011 FEOEAM A AT EMMEIC L

BB THALL, ZOBIERIIIDNzEEZSNTWVS.
2020 &, MEARKFDOAFRRE (HE) HIUREBILH (B8
IU—J 8 iiﬂl: Ehiro et aI 201 9) OFREBHS, FEERKH X
ﬂ*&ﬁﬁiﬁﬁmﬁim) ﬁftE’a’:%ﬁt IHB L CoEk
E=AFokmzs b, TEJJHF'] CHEfMEEN, BERAIC 25D
BIRZEEEAH D, DR D EEBROFEILX, =ERLDORE
mHLSIFREINTULEWT EH 5, Zb%b Cilcr -l
EEZSNTWVWAD, BzRh (77U —FiFh, 2025) T
H5.

CNE TEHEIBOEBERALIMIFREM (BEF A X .
Ehiro et al, 2019) A SIFFERIBOLAIXEEFREN TV
D ofeh, 2024 EDOAEFICERAFOAERE (HEF)
DA~ Tz-1 TR Py AR OE 1 AZ2HEE Lz, 5t

1. Bronzoria recta Ishizaki and Shiino, 1a. 57%, 1b. [§7%

» 2. Lingula sp.

RKET THBH, OERIEMEZH (1995) HRE LT
BARLISELGABTCHDEEZSND. LIEHA>T, KR
BITEDE< s 3 BOUMBARENFET ST 0N5.
NIVLRERDOKREMFEIE, HERESEEEREINTVS
n, MEBRBANOZETASHTIEELDT (Friedman
and Sallan, 2012), KRBD K > 5a1Ei= S DECERILESD
TEETHY, BBOEEERASLIMICHIT 2RRDHA
BEHEFENDE. (TU—FT2, XIv3Y)

6) lEE AL - ﬁn?&:t
KREH S %ﬂéﬂ’]&%@%ﬁ@7w TThB "I
FZRU LB (Palaeomsaformes) ICBT B/ Bl &fEsa
P, KELDHBEIEZEELE TH S Birgeria sp., %U)%ODE&’M*'J
D% EH DOBADEHMREIN TV S (FRBIEH, 2017).
ELIC"INLAZRT LB " IEDW0TIE, éfﬂ%ﬁ‘ﬁ@%@ )
THERRTZHEVEDD, EHMOEMHOSSHREREEINT
B, DE—EIEAIBODEREBERNTEETOTEHLT
W5, ITNSOEBEELAIE, AF20T7 )7 rvad
OvE7, KEBZE, /I —0RAEYYRNILS VERE
EDOTH=BREHET B08BEEZEH (Neumann, 2015;
Brayard et al,, 2017; Roberts et al, 2025), BiEA=&fDEER
b LR BHICH T HHBEMDEMZRBESHINCT S ETE
BThHS.
EBIBEDRBICAEMDSIE, TNETEEREBEILADR
Hlxmbpoeh, SEDOREICKY YA T3 H540%E
< LE5ROBERBLENER SN, ARIE, HRIRD
&*325&53:0%3 BTH5 (K9). wRKROBIFVINE
ARETEFIEARERED, 551 a0XEIEITF AILIER
E2L, BEHPLIUREELSBIEMBEBON TS (K
9. FEARER/N— LAV Z—/ = MInbN, X
E/)\— b OB DOEEFIC z@ﬂlﬁ@%ﬁéﬁtﬁbh%%
—EABRELTWVWS (K9.1). REHBOXRE CIEREE



14 KIREZ + KNERX - EERESTE -

RFER - BHED - 7U—73

8 HA b Tz-3 EOEIESE.
1cm.

BENZFFTICETL, —BTER-DETS. 2DKS
ERBISEERD S PERITNFTTERLEE /LA ZX
T LB " DREBOED [H/ A8 OFEE—KT 5.
65 1 ADIRRDBICE L TIEFREZMLRFRICZ LV,
AIRDIEAR S HET 5 E < MEBELGEEN S, RCSAED
SEEMNIL BT A B SHRIENS.

ZDIFEHD 3 EDEIZERICDOVNTIE, WINEHREmDI;
HABEHLTWAZSD, REDI ST AVIHRPEMICDONT
RS TELRL. 5B 1 Al EFEIHAREVFTOEIEE
wL, AROSIE TRT ] ROEENMEVS (K9.2). [F
BROFFH A R SIS ERNTEEREICLCESNS. &
%2 RIEFAREDEONEIEOHL SZWLH, 525 1 RUCH
WX, BDBEER T 2 LD—EBICESHDERN S5 S
HRDBEN R TES (K93). TOKSEHHMERD
ﬁ?’é/gﬂﬁﬁ) F—RERICIE, BERBEOIEILALDEZS
GEFHE (Teleostei, BIFA=EK~) DR TEHEFITREN
AkEE LB (Acanthopterygii, BEEfZ~) IEF#NEE D

(_
m(—
\J

%ifi*)lmﬂ
=
M*

1. Ankitokazocaris sp.; 2. Concavicaris sp.; 3, 4. Microcarididae B DZEEE. 7 — Uik

EENTWS. 2L, TOIREBRE LB OEE I
BEEDBMHNR—ZY FOLEB=8RHLoHREINTHY
(Antczak and Bodzioch, 2018), #iff=&CICHRIKDE =
BolcENEB LT\ ENTEENS. 2L, &K
BADKREEE L LSRR TIERATH S0, 51&,
RA00CT AF v ViEExBVIRRIED DIRBE DT 7Z
TORNELDS.
HERE-BEABEUANADEHS:WE L TIE, A
BLAEMONREIND E DT E A >EABRE
(Ichthyosauromorpha) DILALSEIDOHFE CTHIICHERE
Nfe. 94~ T3 h 51BN 1 ADERIE, BHEEDE
BIDBRBRTHHEESTHY, TB/NN—-HT 22—
IN— ~ DRFEMLS K UTEEAEI Lﬁﬁ*ﬂtEﬂ%%%ﬁ%Ahﬂ'
2 THBEORERETTES (0101, 102). £F

e S AR, FEERE So5lict0BERICHRUSER
BROEESHHER CES, HRESHEAICRECT L

H5, Utatsusaurus & L < FZFNUTEBLL B EFEDRER
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©9 Y kT3 EORBRELE. 1. BEREOESTOES LUH, AREOARSEHEETE HTE/ \— b (B)

BrOAVYZ—I—F (B). FE/\— bOXIBEICITREROFIET 5EMHMADNKREDNHRTES; 2.
NTROZEREHDEEREAOEH (WRME) ;3. #RICT S 7EREZ H D EEREDE (WXRME).

MEmoRELFESNS (0103). MEAE, T4 X0
mH B & Utatsusaurus DHER D—ERE HTHFEHEL.
SEIOREICBVTIE, UEFEFIENITE, Nakajima
et al. (2014) HAICEEBIFTBLUNDARBH SHRE LTZEDEE
BROBHEMOEDLA (K111, 112, 113) P, B
EMO—ELTH BT EDEONBERENRE THBHLA,

INFETHREENTWEVDIEE - BAICBT 2H8EHED
batha, TLTEMEABELNZHRESINTVS. 5
®lE, HAREB CEHE L TRNORFZLITDE LB,
& SITRED BIF b ADEHZ #if L TR Z 170,
e, X470 A+ v 2 PBEME N COBBFENINRG
EDFEEBATZHILET, TONEENRELEE ZH



M teglidtaic

b2 HIESOEEMREINTWVWBE AT Z—/\— ;3. FEEALEDETN (A, KEEDHKILEHRT
RY) BROTRYYTIVA (Utatsusaurus hataii) DEFSE (). RERITHIST HEMIZ S EICO
TRY.

YA b T3 EOEA. 1. SEIOFETESN
EELBD D> ERADEAR. WETEICIZRIBEL
MR EHONDEDHRET B ; 2. FBFERIR
DELA; 3. SEOFETHLOSNELADD S
BR/\DIEA.

X 11

SHicl, DLW TIRITH=ECDEERROEETHAEZR

\LIL. (RERH)

6. BbhYWIT

FRIREROREILIFERT Leh, BERERITE Lt
LTW%. 2T, BBRDELDIT, 2026 F 8 BRE COH
BRERZHEFEL, 10821 B TTYHARINE (RAER
MICREIBEDRBLAEMKRURECADRREE DR
HERICDWT (8H1)) DT, 2026 FHICHBET AT &5
TWa. CORBMEIF 2025 F 10 BETORE - REF
BT DRDIBADREHER CH 5.

BRETNTIIBEREL, RIEAFREEMBEMETRED
EOREEDR, LRROKRICERFEFINFOMREICLOT
FLWREIANMTONTWNS. O8I DWW TIE T TIcH
BREDGEENTVED, ZUIARREICHS.

=[BT ClE, 2025F 7B 19BN S5 108 19BET,
F=[EH] - =R HBEERE R - RILKFREFMIBME
HED, TO2YF 3 1 VCAERALCIMEREE 50 BE -
= PEETREE 20 ARSI ERE M=EoREtas
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NE7>E/ AR - BREMBELAED—EE T DEROF
ITHHPFAENTHY, ZOMDODEEICDOWVTE, &ETk
RORTITEEBZV, BEXBTROBHETERISHFET
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Evidence for the Simultaneity of Cretaceous Granites and
Associated Mafic Rocks in Shodoshima Island:
Large-scale felsic magma activity in subduction zones
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Abstract: The distribution of the Cretaceous Ryoke-Sanyo Granite Series in Shodoshima Island
and the occurrence and petrology of mafic rocks formed during the same period were examined.
The bulk chemical compositions of the mafic rocks are high-alumina basaltic, aphyric basalt
to basaltic andesite. The origin of mafic rocks includes both an enriched crustal/lithospheric
component and the subduction zone component, exhibiting the typical characteristics of
magma that formed in active continental margin undergoing interaction with continental crust.
The mafic rocks occurring in Shodoshima can be broadly classified into Mafic
Magmatic Enclave (MME), syn-plutonic dikes, and late dikes. The diversity of mafic
dikes resulted from repeated intrusions of high-temperature mafic magma into low-
temperature granitic magma with varying degrees of crystalinity (solid/liquid ratio).
The activity of large-scale Cretaceous granitic belt in southwest Japan shares similarities with that
of the NE Japan arc, also the products of subduction zone magmatism, and with activity during the
Late Cenozoic.
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Table.1 (Mode analysis data), Table.2 (Bulk chemical compositions), and Table.3 (Sampling point), in this paper are available as PDF files on
the Bulletin page of the Tohoku University Museum website at the URL below.
https://www.museum.tohoku.ac.jp/press_info/bulletin/bulletin_index.html

1. [FC&HIC B TRVIEIHAIRE, &5 WNSEEH DA TR

DiF 5N % (Nakajimaetal,2016). T D& E, BEEHERKX

REOEBMAARE, J1oRMUE, 7ITKEREDOT NETIE A THLMG+E (90 ~20Ma) DR

L—MNRBERICMBLTHY, AEL~HE=RLICIE  STh, AR TIEEREANBEEICKY AV T I EHES KR
[ DZERS (Miyashiro,1961) ] TR#IDIF 5N bitdr  BREEREAMUERZINELLS LEIBYICHRKT
HFBHOFIEL TV e (Taira,2001). TDiLdrdimiE, B  HERBEEAS (\VUXE) HMERIN COERE
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BASE, sAIOFRIEERD S EIAID BAERICH
Do THERS, WLUE®E, ZLTLUEED3ITIIXDEINT
W% (Ishihara,1971; Murakami, 1974; 8RR (X H,1985). &
R Cld, AELDRER—ZHRIERDL, FrelFs oLz
HCIERELE, S HE LI ICH T TNL—REE
Ehb Y, HEOALTOY MIERE ESICETEINE
BELIEEZASNS. BREMEIFT 2154 MMEIC
ETAEREEDBREREICHFEL, EREEEEHICES
EEAETA LTS (Okudaira et al,1993). SBERTEES
&, HEERTEEE EHFPERTEESICXK2 TN, giEld
TR 15~ 20 km FE CEABEDERSEMES DIBIEIC
FBHNE Y — MREAFEZRTDICH LT, &BEIL &K

VARPR CHERZHEDOBEICIERANMICEAL TS (&8
S, 1998 ; Okudaira et al,, 2003; Nakajima et al,, 2016). 90
~80Ma DEMRERL, BRIEEEZE LUBFDILETE
mMAE (SEIEH 1994) IFRIREEZHEML, ZDEIRE
BIEDNNY U ZREE L TWS (Hayashi, 1995 ; LLAIZHY,
2006) A\, EREIGEB LfcALBEEE T EEH D%
EASKT, BRIEESICEREMIERESATVWS (B
TTIED,1983). ERIEEEPLETEMAEER /X DRK
AHERERERICEELGERZEEROSNEWVWT LN, T
NEMFIEF—1EE L TRERESH LIcAIELAERD I8
WRRHE CHDETHEZIDDD (#1,1984 ; Nakajima,
1994,1996). TNSDBRIEME L LBEESIE, | 21
T FRUBMRICEL, LTRSS 21 7 - BEELR
[CBY % (Ishihara,1979 ; Takahashi et al,1980). L 3N &
MORB #2181t X (Pearce,1983) TNb BEE%A L, (Y+Nb)
-Rb & (Pearceetal,1984) Tl&, AL5ME! (VAG) =Y.
Tz, BREHLSWLRFOIEESENE, 25560, 8, £
%8, Fe,0,/FeO hIFEML, KO &, KO/Na,O thiFET
LTW% (Ishihara,1971 ; Murakami, 1974 ; RH,1979). B
NI - RAEE B EDOIEMF S MLUE &ERED S EMI
EPEBISIFIFELS, BEMEZRLCCTSEEZSN
5. £z, BRIEEBITERERE & IEEES Sr BAEA]
HEERL TS (Nakajima et al, 2016). ZNSDHEERR
TEEEEICHE S TRE S D Sr AL EE, 0.707 ~0.708
ThY, THITEEESENTTEHED S BEVIIICIZIESE
LWL 2oz eEns, BfEOBEREIRITEERETIY
ST RIEEIRTH Y, B75 < KEGDLIAIH LBD
IV wFLEUVRATITRY MUDESRE FERhFEIC
BXd5HEEZS5NTNS (Nakajimaetal, 2016)

FE, HEEXITEY TOLXOBBOfS, FiED
HHELTEAEEYPZINSITHEDON 2 EREESEBOHNTOD
ERITDOVWTOBRSATINTVLS BRI, T2
FH,2000; FaRIEAY, 2001 ; Nakajima et al,, 2004 ; Fafz - B3,
2007 ; ERIEADY, 2014). KEREOEEEER I XICEA
Lz, BREAFEATRIERETITOEREZ [FERES
B (syn-plutonic dike) | &MER. RS EIRIEREEDE

f— .

SHHKE

EE (ftEas) IV BYITHTERL, S K LS
TNTVWBEHEINSEHET I RDEFEL R~ BEN
AL Th S, SRS (FA, 1997, FRIFEH, 1999) I,
FUNAEEBD 5 U E & & T ABRAT R ERICE 2 il D A4 TE
EAEEROREE -HERICL>T, (1) fEEElCILERFEE
BEHNERENICHEDND, (2) fEEEE< I EEHET
IROBTCET LIEZREMEERNEESNTLS, (3)
EBEHET IR DOEACFIR-OLENICENT S, &
BEEBESMNMTLTWVWS. TEEEBER I XDREEDL SEE
ICED—EDBRETEESDHEST, ThIcHFhNsE
BENFEICETEL, HICEBRELEEREEET ST
CEBET I ROB TET LN, 80, tF0EE
{EREMRERHT LIF, XITERTIEPE A FZIR
ZHSMNCT B ETHROTEETHS. COHEEIERADER
Nk, A5 LI I<Dstt, BE, ik HO0E, ERE,
B, ¥R EENTA—2—L LT, ZHRICEILTS (F
A« 2, 2000 ; FERIEDH, 2014).
BRICEGHEE< v aPU Iy RARYIROEES
B UBYVICLENEISHAN DS &, EREICHEA
L, IURITHEEEINHEOINENMER SN, SRO
EADLRERTS. LHL, BB EDEEROBEOERS
BUIDEERENL, Bt LIeBiROENBICERALT
ERZSIEH LY, TRERIPREFZOEEICTIE, B
&K T 22 RBNEHET IIXHDRABRET DRERD
SEE: BEHBEAREES (Mafic Magmatic Enclave © LY
T, MME) OE&KERY, AEOEKEDTEHEER Y
TH, TOREEEBED B L OBFEZRLIEV TS, &5
IlE, BREBRT 5RERBOEHRET I HBEEDIEE
BEI VR ERESE (mixing) - B3 (mingling) LfER
MEDBERIICHITES - BRI IR INEY T
% (Wiebe etal, 1997 ; F & - 1 H, 2000 ; Ishihara et al,,
2003 ; FERIEH, 2014).

AR TlE, BNNENEBILHITD, ZOLSGTEEEE
RIOREBHEIITRDHEET BT, TNoDERIL
FHRHMAERL, TNSOFRAZRLCS.

2. NESOREEEL

NEBIE, BNNESMHOILER 20km ([TiIBEL , ZDK
TEILER 20km, AL 17km TH 5. KEDKEDIL, B
HBRETEEEENSAY (E1R), LWhpsAREEE#ES
HHIERTtEEE FREEEHEOAEVFEBERTEEE,
W TEREEAENET B (KENTZH 1979). NEERE
FEZHFEETIIWES - RESZRELTHEMENE
HLTWA. £z, Bk 150 ~ 200m W EICIEPEFRHEDOHE
FARXLERICBYT 2388 - NLURBENTEEEEA AR
BICES>THHT 5.
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Figure 1: Geological Map of Shodoshima Island.

A geological map showing the distribution of rocks on Shodoshima Island. Focusing particularly on

plutonic and metamorphic rocks.

2.1 pEfRTEREEE

INSBITEY 2AELENERBISEICEERTEELS
5, BMEREOE/ AEEERNENRFLSAKAEICHIT
TIFERBEODTHT 5. FRFHIAZRICIE, Kagami et al.
(1988) Hdp Y, Ro-Srems7 vV r7aOVEMRHLS 821 £
3.0Ma DEMRMEHNRETNTWVD. EHEEOERXDIL,
KENTZH (1979) K& (1984), Ishiharaetal. (2003),
HREEICE>TREREN, ER, &8 AFREEDEELS
ZOREICLYRECLUBTEEESBICBT 2/LETEEEIC
WhENhZ/NEETEEERE, BRTEEESHAICETSAIR
BEDFRELCEASTEESE —HCHARBEZRIH
JBEEER, T L THVLAREEZEFEDOEHEEERD 4

DRI LIERBERICEDTES (B1K). EEaE<
IR EARBIOES L cEHEEHAIL, NS ESREDER
feEMEdnmE, CUDTANRaRERN—TILE BE
BAENANRE, BAARGRNVWELLE, KYEHREL
SR TRHEDOoNSH/ BEeak (B2K) ICZET 5.

2.2 ot EaBIcE > EHESE

NEBICET 2AELTEESAICHE S BHRESAL &
Bk, MME, ¥ — MIREE, ERBEFRG E2HaEREZ T (F
&+ B[, 2000 ; Ishihara et al, 2003) A%, F&ERTODIE
gkEESE (MME) TH2 (B3R, F4K:FME®E
). ZD>5>BEMRE, BIELEEEE ZREE EEM
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Figure 2: Geological Map of the Tanoura Igneous Complex(TIC)

Plutonic rocks distributed across the Tanoura Peninsula and Ohkadobana.
Cross-sections AA' and BB' are shown below. The plagioclase-induced orientation arrangement developed in the
granitic rocks of the Tanoura Igneous Complex are depicted in Stereonet diagram.

heHERICBA LR, BRER BElR, 7751 MElR,
NIRZA FPERGENSES. #il - R (1981) L
(1984) (&, EIRDEENEARZE 5 DITHOIF, TEENEARLEER
521 F EBMODEHHD/NEBILEBE L, TDEHIE
EHEIROEICE VERBEY Y DEH CTRDHD
frERELTWVS. BT HKDIC, NEBETIEERNZ
EL EReEEbREDEARIEITTERIN TV

ZEEHEHBD,
TEEDD.
HHEREIE, XHE~ L7414 ME#PERE~TENL
iz RL, ElicRkaA, AR BESHSKEY, A
EYEREANEENS L DS ARG CHREARSE
ZaLHDLH LD, ZRIEREETCHD. E—FEE
kel BekE, ARARE b—TIVEREICDEEIN

CEEEBEABLOLAEEERELT
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BIN NEEICETLIERETEE (MME) EEREBEROER.
A * xenoporphyritic texture Z/xd MM E, B MM E &,
C: &AM (composite dike), D : B3BESM (enclave dike)
E: 9WraElk (disrupted dike), F:¥iAREMR (back-veined dike)
Figure 3: Occurrence of MME and mafic dikes in Shodoshima Island.
A : xenoporphyritic MME, B : MME swarm,
C . composite dike, D : enclave dike
E : disrupted dike, F : back-veined dike
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Figure 4: Schematic illustration of the Mafic dike.
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fine-grained mafic rock
(chilled margin part)

m felsic rock

Schematic illustration of the occurrence of mafic dikes in Shodoshima Island.

3. 3H, —RICBERICKDANRERBORZILIZTEA
EBWVD, HoTHEEMTHS. HEBEOEHEEDHIC
&, MROBAREEGLOLSY, ERABGH FBEIN,
ANAPEEROMAERDL SEL IO FICHBINSIE
i& (mantled quartz ocelli) Z7%x 9 N5, TNSIFTERE
BEYINHROGROBERREEZIS5NS. HRBE
at, FERPOERICRAR Y Y —1 ) VIKB#EN RO 5N, §
BHEPAKER/NAIVHEETZEDHHHT NS, FH
BROWERBRTHDHEEZSNTWVS (FARIFH, 2014).
TEREBX /I L TRA LIREBREDIBEICIE
TR K ISR IR T HRZRIR 7 /N2 1 &, BRI Fe-Ti B8
{b¥pEEyn, swallow-tail RO 7 2B T HRERLEEDE DS
DNEENBTELDHS.

23 FEMH - HEE

INFBOAFEIHDITEBICIE, ¥ 1 FRRONMIIMEHERE
MESNDER-AREOHEEIV T LYy 7 A (RHE
BIRY) B L, TICRBDRES- MW ELSED (&
#ED, 1979). INSIRLBEEEICHN LTINS/ NEETE
MEICEATNT, BFRNICERZNERZRT, EES,

A% #MRAPT7TIVF/HA - #HRAENESND. BRE
MEDREE ENSRTBERICIE, [RBTEMEDEREN
ERITTCWBHED DD, TOEBRIFFAEHREIITK
NSEIE®EKL (84Ma) TH2 (FF,2000).

24 EHEE

NGBDEMEE LTI, KERMBOBICEET>TH
MEINDHITD (FB1K). £l d 2EEAETEES S
FroBBtMEDRESSL LT, BEREIOEAME MR
BOIBBE LU= EREBOF rBICEDHET S (B
K). cnsliEEsE L TCREEEFESHEBEROERER
= (BETiEH 1983, 5RIEFH,1990) THSH. mEED
Zriald, BE - EEBOERENSGEY, BEEZMEIE 1
~2mm OFKREBENEE ChHd. RENEZHLYHESE
FESA-—Y/OAR-EEF-aE8-7I/VAVEA—#
EE-—ARTHS. NEEOEREBISERTICHFEDL
D (BENEH 1979 THY, Fr0F-EFADIE K
780-870°C, HREHK 15-22km DEEENEZHEE B LT
W% (lkeda,2004 ; Okudaira et al,, 2024). TN 5 DEE
MERETHEIE, HMRFEBTCOTHEREEEDY — MR
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Quartz
Gr: Granite Dr: Diorite
90 20 Gd: Granodiorite Qg:Qz-gabbro
( a) Tn: Tonarite Gb:Gabbre
Qd: Qz-diorite
60 60
Gr Gd
. T Plagioclase
5‘2 (b) Hb-Gabbro
o o Qd(An<50),
Qg(An>50)
@ ous
(o] o e
20, 20
Dr{An<50),
Gh(An>50)
5 g e )
r_F [ \ A\
10 35 65 920
Alkali Feldspar Plagioclase
Shodoshima Granite Tanoura Igneous Complex (TIC)
A Fujisaki-type O Granite
@ Atehama-type O Tonalite
= Nadayama-type 4 Diorite
B Fukuda-type B Gabbro Px-Hb Gabbronorite
Yoshino Granite syn-plutonic dike & MME (TIC) 10/~3 98
©  Yoshino-type ® MME / \
O Ushigaura-type ® xenoporphyritic MME Pyroxene Hornblend:
Nanpudai Granite + enclave dike
A Nanpudai-type X composite dike
A disrupted dike
B back-veined dike
M jate dike

25 T— FHEAK
@AaR—-7ILA) EA—REA=AK
(b) HEA-EA-ARE=AK

Figure 5: Modal composition diagram

(a)Quartz-Alkali Feldspar-Plagioclase Triangle diagram

(b)Plagioclase-Pyroxene-Amphibole Triangle diagram

BAILHESBROBIEICK > TEEEREIN, TORERE
igRELTEREE/ Y U ADERERT EVWSEZLH S
(Okudaira, 1996 ; Miyazaki, 2004 ; &8, 2025).
=WEERPLOF s BBFETIE, SHEESE - F7 8
URICRBZEREDHESHR S50m [chfe > TEHLTW
5. RBEEMEIL BRAFEE RV T ) VAICKBITE,
EILEER, IFAICECHEBHREARICEGAEBIN
574, ﬁﬁ’“i@/ WAV ERRZES. BEIFAR, MEA,
7IVAURARICREZSD/NEHBEL, BESERE.

25 BRFRAXLEE (HikER)

HBIRERE, TXF A FTREOFSNDBERRAL
EROMMCHD. NEEDBRANLIEEDBREFRIL
13 £ TMa (K-Ar 545 @ 22 - #8111,1978 ; 28,1983) CTHHA
SRR L b DEEIND. &e, £ (1983) ITLD
&, BRRANLEEDOBERIRBIE, ABREDZE O ERE
BECHBIEDS, KPR THBHEEZALGNTVD. NEE"
ZHEEDELHATIE, RILEDEREELFEL TV
5.
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3. gEfcfEmER L ThIcH > EHREEE

3.1 AERIEREE

311 HRIEHESR

NEBICHHT BIEMERED S5, mAGTEEER, H
/EEER, SRtEERE, ARTEEERICHEIND.

3.1 mESTEREEE

BEREE & DIEERRRIZ ARG S DD EHRAERIEHE
EREEZSNTWVS (FENED ,1979), BRSTEMEAEIE
NEERE, WBIERSMEICOHR SN, DHEEII
‘O (BT, COBEEE, FREEHLE LV DOHOHET,
FORIEEIE—RRIIC E-W~N70° EZER], RIBERITH 5. E e,
ERNZELIIAOS A MEEDFRET 5. ZICHKAM
ROBEFTEEPIRELSG Y, TN 2~ 3 cm IZDRIR
D7 IVAVERAENEENS. KEKICE, SHESMREN
IREANERPEALTEY, MRASTEREEDFRIEE
PRYAAFA MMEEZT O TWS. REZEREDE./ ) A
NETAETAICET B.

3.1.1.2 B/ BEESER

R/ BEaatrs (1) fE|s - b—Fiba, (2) AR
AMnWE - BfREY — MRERR, (3) RAEEEOEHE
BEMEER (4) MitEROEHERKESRK - #65
ik, (5) 7724 bR, NI<ZA MR TEREBEERR - 48
aaik oY, COIBICEAEELTWS (shihara et
al.2003).

M./ EEeakE, EICH/ BFEESIUORNERFEL
SKBEIINTTHHETS (B2K). ZEHLEEHRIDEE
PERE ASOFFO—ITCHLH/ HBEESRDONRSE
NET 5. B/ BEEEEMRKIE, Ttrma~tmbiss, b—
+TIVE, Bgs, MnVESEH LAY, BEHETIEEYE
HEERNLET 5. H/ BESESKRTIE, BREHNEMRK
Z7x L, {tEaldl ./ BY B aREOREE—REN
FROLERTT 300 ~ 400 m D/NERE LTEL, F—FILE%E
5. BNWEE, BMBERNEHRERBETETICHTELT
W5, FEIEWNCEHRE L, BRIVCEAZTHOEDILE
BHS5NIFN.

M./ EEEOEAREZTH/ BRESIFRIRT, —38H
REE2T HERE~EFEOMN~FHRNETHS. HkE
985 (MME) Z#Z<{ &4, FHETHS. %hb I$TER
EP M —FILEEDEBRETIE, T LBKICEYTERS
hoEBEES, JOv iR, AEREE2Y 5.

M./ #EltrEslE, kaex2L, PR~ENT, FIRE
EHA—ETCHRET 5. FIRBED AL, EITER E-W- {8
7 65~85°NThsd OFRKEEIEEFLERICDE
DREERICE>TIREINS. EEEDRIIEY2)—L >
BENEOHON, EBICAHETHS. EERIIHFRKER

f— .

SHKE

THEEPICKVZEEN, MOEMONBEZFTIEL T
EH&L EMNER (7Ov h) BERTS. £, EE
EBEFE~¥8FE07ILA ) ERMENROHENE T &

b%U ZTORMIIARBEICHEINTHS. TDXKO7%E
TEEAICIE, AROBRLHNBEETCHS. INSDIEME
DE— FE/MIE, TEEE~TEHEREE THsS (BES5K).
H./ 8 ~—F LBl B, IR~FIRT, RE~IE
—EWRREERET S, —RICAHET, EEF.ARFAHY
Oy by a—L2AEERTS. 7Ov MMEEWERD
EMEESERT. HHESRE N —FIVEDERIBTIEE
I EE L, BYILTWA. b—F/ILEITIZEEAIC
RIXZA NBILIE>TWBEHAH Y, T TlEEEM
DEWVERANFEICET 5.
H./EENWEIL, MR~FRRI T, NI 2A NERT Y
FERTETATIE—EBENTH S, BRENEREFRT,
#1100 m D/NERE LTEHT 2EH, RBHRFEHSK
AETETIINTTHHRTS. BRCREYTA T4 T7 1w
JHEBE RS

3.1.13 HFEEEHE

HHAERTEE B D2 1 7|, discordant-disharmonic 1t i
&= (#ELL, 2009) ([CxttbE 28R RIROSEFEEaE

XEICEBANGEERTEENGEEL SEY, NEBEFT
D=#H¥ B2 &, NEERITOREBEIEL S ASAITH T
T, RBEIEADOILERICHHET S (F1X). T,
B/ H¥ BSOS %f‘i?% EHFEEEEIE

EENSFFE, FrBBICRDTES (shihara et al
2003). WEE Jt%%ﬁﬁﬁ@@%b\ﬁiﬁtffﬁLb\ﬁ%‘éL/_(Eb
Y, ThoOEBREYISEFRETIFE®RILO IOy M T,
oI AREEEFSOBEABTREINTVS. &
ITHRRIOD b —FIVE~T T4 NEEEHD, ZTOERIL
DES, BRREISIRAIIRTH 2. FHFEMEEICH
15 AIREEOREREISSEICE LIZL, LIEL
S dnbard I\%%%%L‘Cb\é i?i ZDBENKRERIC

EALEE#HESERIC EALTD% DCE FIREED
HELTWDRTEDLD, T . FREEDARIETEE

EERDERED DS Y T Lf:ﬁﬁﬁﬂ?% ofcEEZASND (14
11,1984).

3.1.2 WLkETEEEEE

3.1.21 NEEEEEE

NEBICET Z2AELTEESEDS S, ILBTEESLEIC
B 3LETEEEICHt IS (&E#NZH 1979) NEETE
mEaRE, NEBEDILFHEFOICLL B L, NEBIC
FEY AHEMEE0EA%EGd (shihara et al, 2003). &&
K, SALSHRBENBEGERBRE, Z/\FEEEN
BHOONZHEE, tNEERTEEEEO# LR, LT,
BRETREE/TEEESEDERARD 4 B8R XHTNT



NEEOHEREMERALFRICER LILERES

Wo (BT, NEEEEEEICHET 2RFHELT, @“
NTCERTHB &, EVIBOT7IVAVERRDLIELIE

BoNa &, GENETOND. NEBEEEERDT T
BLAEONHHRDLC, BHE BBE, ZEHEONH
RN

3.2. BEITERERDERIEF
321 mRGTtEEE

ERAIEEEEICIIE LV IRBENSEDS5NS. BA
BlEEEREMOER EORRIE, mRAIEMEDNTEFE
fMal - SH, FrBllhot/ VAELTETRIL
FEBTEEEEICLENMMOERITIFE L VA RIEIED R
SNGEWCE, BENLEZTENEBICETYT HTtER
DHRTCRLEHNRRETH > EBDNS. —F, BRS
TEREERRPICITERERED L/ ) ADBHLND LD
SHEREMEDEMFERLVITBRITERLLDLDTHS.
Efc, MMEZEDNNCET 20, AREBEDH RIS EEE
TNTWD. &fe, EHEEMRIE, FBFICETEDIC 114ER
HENBDHTCHD. BMRBIEHEEERCROONSHHRE
BRI T 2REIERC, RGP ABBEEET S (3B
4K). EfEREH/ BESEERORBEREFR #E
fa, AREDLSED. BEERICEFREBEDSRDHSNG
W eEDs, RRIBEZE CIBUKROD L ICERIFE
ALTcbDEBbNn2.

322 H/#EEESER

0/ BEearznd, B/ BTEtES B/ BT
a, B/ BREEEWNSEHE LIZY, HBRRlck > Tddlo
fe. YIBNTZOBBRORHENZH, BRMICESEEE
BERFKELEWVWT EDLS, TEEE, l\ FIVE, RgE
DEICEBNBERIESE U Eh ol BhbNns. £iH
JBETEEE I, SHEES - SFICEMNT 5L, FHE
DFNITER, BEFEEHH ISV, B/ BEGEEDES
Biid\Weng, SHERECREEDHRREBENFEET
5. Tz, TOERALEFEEEHREFANNTHS. H/
HHBAERE I TlE, TNENTHIEmEE - £ 4Bk,
EHEEEE - SHEEHIDHT S (B2K). g1EDF»E
Ak, IETHHE/ B —FIVELEHE TS, BEOTH
AL, |/ ERSEICHIIRE L OEAL, MBBRIR (net-vein
structure) Zf2ak 9 5. SEEMER -4 BRI EH/ B b —
FTIVENFBR TSNS, FrBR iR/ BN—TILE
LIEEREHEL, SHILHE ./ BERELY I LERED
EDTHAHT EZmT. BHOBHENWLEK, B/ ERES
ICHE T BRDICHENBD, ZDBERIKIEZOEY LV,
EHEEBEINVE S DOBERIE, INWEEICEATS
BEEMk (composite dike) BHB T EH5, BNWLWET
IR DENIEHREERDEBNLVIEFI CH S EFONS.
H./EESSERICE, BHEEHLNZEL, ZNIEMMEY,

18 LA BICH T B RIRERET T EE 27
A ERE LT, @2B5EM (enclave dike) , & &SR
(composite dike) , #TEAR (disrupted dike) |, RARE Ik

(back-veined dike) , RUBEAEZE, IXTDZATH
CDOBERTRSOSNS (B3N, F4K). £, BHES
DEEIRDEENE, MME B back-veined dike, BHIE MR &
IcgensdceEns, KYUBRHITMMEDNEREINIZEE
AB5MN5. Ffz, enclave dike, disrupted dike, back-veined
dike, BEFEMRDIEIC, KRR MDIEEEEH,SZEEZISTT
HY, TNSERDEWVE, FEEHBREICH > ItEs
BRI DEHNRHEN SBMEAE T, TEIEAEHRICES
BIYIIDEAD G >lcfcdEEZASNS (FE - BH,
2000).

323 EHHEREAEHE
THEEERE THY FrooRlomELSICERS
TEEEERDFREE LBANE A IREE (mAESICHENS

L) DRGNS, FFREORREEIR, =HMFESRE
NEERFERICBVWTHICELY. MRABTEESES, &
Firhe - aHHEEOBRIE, FHEEEHR - SHEEFOD

C/IRAELTHAGTEEEZEG. SHtEEHE - 5%
Gy BROBRII=ZEHFEORIBCEHEZF v B
HBBETHIEDLS, FrBBOAIRIETLILEER
5n%. LoL, MEEORBICIIZARBEEENFEEL
FEOHEFHEAR, JAIF T mENBEALRLER
ns. SHtEE - sHFE/ NI BEEER - #HILEIDES
RiE, 2RI CEFEDOERESZHEICT>TEAT S
NEBTEEER - BLEHROoNS. £fe, Frails
NI EIEEEEEDBERISRBTHED, F 4 BRI
SNEFVRRIEELSSEZ S L, BILE LY I3y B
DEBHDRIATH o EBDOND. Licho27C, SHIEH
=i - EHREOBARRIE, mRatEERLYER, D0
TfF'f?ﬁﬁ'JU)ﬁﬁTaéét%iBhé. e, FHFE Fv
BRICIE MMEDZEL, BERMER, #IEREEO5N
5. LWINL, B/ A %TK@‘E@&:H ThHs.

324 NEBTEEERE

Volcano-plutonic complex & TN 2 1Lt ESEICE T
5NEEEEEROEEROBEMKIE, BIRE, ZRR, #
WA, BEE, WINBEWCHEE LT\, SHROSH
ELTE, NI EIER - BRI THROTEEEZE L T &,
NG BACFEED/INITY 1 SHRDER - FHEm#EE %)L —
TJELTHEDTELS, NEBIEEEHOILERIZE, FEAl
DERTEEEEL VEAHATE > cEEZASNS. Fe,
T a1 TREDFER - FIEFHRES NG BIEEEE - #LEA
BEALTWA. NEEEEEERIMMOERE DEFKIE, I
SERSE/ITH LA SHREEHE - SHEOEHES
FOEBETNEREICYI>TWA T EHS, WWBTEHEE
ICBY A/ NI BIEMERDERD, BERIEMEEL BRI



28 HHE— - FA
ThY, NEBORELDEH T, EREEGERLE

HTHolzEEZSNS. 221, NEEBTEEEEICIER
AEBED, SFEFEESEIC iﬁ%uaa%?;c‘fb‘s H5NIE
WZ s, MEDEARRICTNIZEXREGRERBRIE
EhofcbBbins. /J\E%fﬁ%%@ﬁﬁ%iﬁ&ﬁf%’f
EEOREFIE, MME, disrupted dike, BEAERDERH 5N S
TEDS, ILGTEREED EENRC “E)Ei% SEDEENEH
fe&Bbns. £z, MMEIERRICIE, BEBZETSH

SRIITEREREFECH Y, "Malc” LIEWL WD L. ThiE
BHRDEBY R IR RES TCOEBOBRIC—EDI I
BEDELCTEMME EEZ 5N5. NEEBTEEEEICIE, W
DB MMEHNDELHAEENGWN. DS ERE & SRR

HIROENS.

NEEEEERICBEVNTE, ETHEBER /I EGHE
RIRDET, RIXBELHOIEBDONSH, MME,
disrupted dike 7z EDSEENMENT E D5, EEILCEHE
RIRDEFD GO 2T DEEZO5NS. /J\ BitEa
WICBAT 2BAEMIIKELL 327 TR TN, KV
BMEOELDIFEEHEREICGS. ThE, ﬁll.l (1984) DIk
LIEEROBRERICANMNTH 2. e, BERESRKIE
NEETFEELHEETEZ(ERDHONS.

33 pEfdfemaaIcH > BB ERE
BELEESEICH > ERESIRISERIED BV RIS
e, BRUODABICERY HENBICK>Tol - 70wy
ftEh, ENBEREOTEESEY, JVERBLET /2
A MIEHOTHREINTWSEREERADS (FBE3X).
WINHIE 15cm ~ 3m T, Miki~dh, ErEe~Z2RE
EE2ETS. %t@ﬁﬁti@ﬁﬂ@'éﬁﬂﬁﬁ‘é%%. SakiIE=Te
|EBEA & DIFARERIC BEBENFET D, DL
fEICIEZENDE &)bﬂt}ab\ ERHB. DT DBEHR KLY
WoZ2EFTLIELDTIE, ZBOKE~BREIBEED
EROEEARICES] L, enclave dike &MEEN D EHKE N
HagailxEoT\3 (F4K).

3.3.1 [EEEER (syn-plutonic dike)

ERFMEERIE, BEZM I RKEROIEEEET YV X DE
{EDREICL>TERODUSNADKRL THY, ERHLHS
back-veined dike GERARERR) , disrupted dike (D ETEAR
/ BREERT) , enclave dike (B2B&%K) , composite dike (18
BER) GEIEKNTES (E4X). AFEERIE, Kin
W TAHEFTUTe MME BT LT 5T EDH 5 (BE3K).

BERtEERIEEICRERA ARA RES (ZERIER)
HoiEY, FLoA4 MBEOT I4 7474 v 7ElGaE
DMENZARERBEFRFL VS, BFRARORERA
HREEHREBERTEDEHEHD, 2 SN THE
HRETHD. LEeH>T, BHFEESRISRUEICEAL
BRI KB DA FTHofle&EEZS5NS. LHL, K

f— .

SHHKE

WRHRITEE LR ERICIEIRRAREZEDHDE
HY, BT LEAIFDHTEALTEDED Y TIEELN.

33.1.1 #RARER (back-veined dike)

Back-veined dike |&, BRDEEFBEICHRT 58N E%,
BEDTEEEDSDUD T 74 Ml ‘J:O’C TEEIND
HDTH 5 (%3. %4.) _ﬂX- /}IL%T%%/ 7)
4 MRIZERZEEL TOWEWVLDT, EROERMEIZER
BENTLa.

SABEBMEITERAIEICEY, B mm ~&H cm iZ2EH
ETS. LIELIE, BB 50U BRTCAEESRICEY, 70Oy
=TT D disrupted dike (Z E & D RTHEA TULIEN.
BEH,SEUTEREROERICAZ, ?JrEEU)ﬁ?%%aa
DER& 5N, bridged crystal P ZFNHET LIeAFIER %
GHEME (xenoporphyritic texture) m@“%@%%%b\%@
SBRE(ZMEL>. Back-veined dike D9 #1E, /NS BRERICEH
THHE/ HEEEEREEHFEEERICRSNS. HISNBIC
INEBFRREBOAFT—HEDHENS. BAFBIE N10

W ZADCE 10°DEEFICH Y, —EFETNI0O~ 20° E,
B/ EHEETNISWODEDHEH|T 5.

BOEBL, WTNERLSA M~YTFT 7070w 7
HEETRTH, LIFLITERROBEERETIH, IR
ERTEDHAH . T, THREEDEARERIET 5EHE
EEEIFEES Tt L TWS. ZLIEMEET
HBD, BERCEEY (vesicle) BRDERHERDHESND T &
5.

EE}Z DL, REAZARAZEEFLEREALS

BIR DL T INZ A, FRUBILTHS. B

EME%,E%ﬁ~E%?,7wm4%—t—wZNPﬁ
EAWG, H—IVANFXVBERT. ABEIAEEF~E

Bf. (01 ~05mm) T, £EFKERTEDLDHSH. BFY
OHENIANEIFRER DN Eﬁczéj\?ﬁﬁé. BERIIBEE
zb HEFE A~ (0.1~ 04 mm) T—EBREIRTTEIRIC

PDWY A, ARFMETCERFBEROE DS, BETEY
IR B A LA ADBRRENFE LIBEBRROAR
(mantled quartz ocelli) &N 5. 73214 MMEEHREZL,

BAER 11 mmIOET 5.

33.1.2 SkrElk (Disrupted dike)

Disrupted dike (7 #raik. BiahR) (&, %, BEK
BE2L, BELDOEREN, \BEK, MR TERANC
2RBABENRSOSNS. EICBAABEEEBLGEITAD
TENBELRELEROOMENTEZHDO T O Y 7 DR
Z, KUVEHRELGHEOIEHEEEY, LUERBEGHANS
T4 MROFEL TS (B3R, F4K). Eire LT
EMERIF T AL, EREDNEBLAELTWNSE
DhH Y, EROBBHEBEL T, MMEAEZERLTWSE
DEHH5. METE, BAFAZAETES. 27Oy



NEEOEELTEEEEL FNIOES L ERE S

v LEE (TEEE) &OBMEICERABEBRENFEET S
B, o LTz@Eicld, ZnhBRoonEL. s DOERE,
BELGEICHENTWS T D5 disrupted dike & & 1T
ironfc (& - 2, 2000).

Disrupted dike (H ./ HESEEICEZET 20, =+
BEOEHEEEE NI SREEHE - #LAIDERDS
N5, ERRBIEBHRIETHY, BFESROF T,
enclave dike ® composite dike (CEERTZ L. B/ HES
BT disrupted dike DEAFBEIL, REEOELDHZ
WA, i ClE, E5DFEAEL, S/EREIVEZ—4F
A2 LCBEBEAERIZEV. BB~ 2k
B~REEZZ2L, WICAEDNZER (vesicle) HERHS
N5, FeEIEHEET, ABRICEGCRERS, #
BE~BROARAEZET 5. EROMME, SEA A
e, REESLRE. BRI E LTF 2 8L, 77/32
A b, RERAIFBF~FEE CRMPR~EIRT, H—
JWANFHAR@EZTT. REAICIEE Tmm FIEOREMIK
~RFARROEDE, HRIBR TCHRZZETHEHLDEN
H5. cnFaid LIcBRERICHERO 5N S, BRBEK
24 TOREAICIERFEENRDH SN, I MUEBDIE
758 LT3 (spongy cellular plagioclase). JE&ZRDITIL
BRA REROMERIRDOSNS. ARAIFEE~¥
B CTHEBEZE7 5. BREOMNANRGHARGDNEICH
HLTWS. EEFIFENICBERZEL, ¥8E~M1E
T—EERTERTH 2. ARIFE < HICERITIEIRICE
95, 7)\2A MEEHRT, FZEOEDHET 5.

33.1.3 @EEEM (enclave dike)

Enclave dike &, ERIK, BFIR, MORFEREE RI T 0 L —
7 (MME) HD&Z#EE L TH 10cm ~# m DIET—E A A
|OERDEDTHS (BA4K). T0 L—TREIZFEEDTE
EAEBICRIRTITEEN TS, Enclave dike (ZH./HEES
KICBR>TET 5. LHL, TOBOEROKEEIL10WT
ZTOREEIZEN. BRL4DI VT L—TIZR2SEEELN D
Y, BREGEEETRT IV L—TDOESMITEROE AT
mCEF L enclave dike DB AL, N10° W. 80° SW Hh—
R THS.

EREEE, FLoA M~Y T 7070 v 7HB%ET
IhH, LIELITBERROBEERZEH, HIRETRTE
Dhbs. iz, EHEEOARAREYT 5EEEESIE
EAER TR L TWD. TR, REG=A
FRAZEEFLERBAEN S Y, BIFDIEMIE /N2 A
b, FRUBILTHD. R, T BRI D
WIhETEEERICHTmT S MME ICBITWS. fRIEAIRE
T, BAHR~FER T, 7IVINA b —H— VRN FREENSR,
A—IVZAN KRR EETY. ARaEaER~¥afk 0.1~
05mm) T, E5KEMTEDHHB. BFEOMAAREA
IERIEADHBICAHY 5. RERIIBEEZ2L, ¥B8F

LIPAFFHITHIT HRFEERE Y V< EE) 29

~ftFz (0.1 ~04mm) T—HRERFTENICREH L TWS.
ARG TRERTTERDED &, B TRERFDONFE
#5& (mantled quartz ocelli) &M%, 7/32 A MEEHIK
HE2L, BAEZ 1.1mmITOEY 3.

Enclave dike (&, AEDMIRAEIRICHFEL, BEEH cm
~# 10cm OFLRD MME S B BRI B EEICZL L,
FICr—FIVETHREEINTWVS. UEOBHBNTOREDL
5, enclave dike I&, TEEEFRICERNICET D MME DO
BAERDERDEEENEDEEZS5NS.

33.1.4 #&EM (composite dike)

Composite dike (53K, F4K) ITIXEEHERET,
AOAE#BREE O (Felsic Margin Bt FMAY) & F#gH
EHET, OHEEEREEO (Mafic Margin 2 @ MM &)
HdHBHH, IMEANEENICS N (FE - HH, 2000). &
BRODIEIE 20cm ~ 3m IZ2ETHSH. —MRICESEEDFERE,
HEEELGHEEDERLHICHBETHS. FIMEITIE,
OO EHESIE, ERENELS, ZLDOBE, BER,
MR, BRIR, V—t—IK, ZLC, ARTOY oREGL,
EREBEEDR, LU MME ORI FITHRI~TRD k—
FIVERT T4 MK >TRETNTHY, BHESL
BElEEHZELEZN (B3R, £4X). MERIRCTERY H
FNEEHGEDELDTOY VIFAFEST, HHRAS
DERITETWBEHEEE HS. Composite dike D3RI,
enclave dike Fltk, H./HEEEEICBROSN, FICERER
DODRNWEDTRIFUCDIRET 5. EHIE I WMEBEEHEL.

Composite dike DEIKBEEDAAERIE, MORRS
frEBRRIC N L S MO EET 5. —FH, HREAE
WEIRICTHEY 284 ~—FIVEEEIX, RERHL IR
BEAETRY. EHEMOERDILIE, BEA AMA,
EERTAETHY, BIRDIHE LTF 2 8L, 7N
24 b EEG. BERETOREAIEER~¥ B CREMR,
A—IVZN R EETRYT. ARERIEEF~MA 0.1~
0.5mm) T, X=#%4B, Y=/=186ThH5. —BDARA
FEEHRAERT. REFIIBEEZL, ¥ER~ME 03
~05mm) TERFTERTHZ. ARIFMAETERTEL
TWa. 7INZ2A MIEHREZL, RARR Imm [TET 5.
EHRETONEAPEERICIE, BEEAEBENERE
N5, 7Ly JEITHHEBE DM b —F)LEIIE,
BEORER EBRFTERARSRDOS5NS. HUORE
BIEREEBD S ) LBBICHNFT T > MVERIC An fBASWERS
(CarRNA7) DROSND. BEZORRICIE, HHE
RIORBEREEZEZ SNSBHEPEERHNERINS.

3.3.2 f#&HAEER (late dike)

BEIEMRIZ, 12 10cm ~ 5m T, fE@ETDFEZ £ I1Th
T, TEREEOEED enclave #EBICYI > TEBALTEHY,
RG22 AESEEE L, EEESIRICHENTERDES
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30 HHE— - FA

ARV (B4K). DHhL)\SEEEER SEFHEEEE,
MEGTEEEE B/ BHEGEERDITNTCEL, NaB

EEICR S RBBBAEIEERDFR (8 10cm ~ 2, 3m)
ICE 2 TCERGEZD, —MRICIEH mm ~E 10cm TH2. &

RIEEXRE~KEETHN, —SFRTHs. BEDER
ZAETHL0P, BEERE LTEE mm OREARZ
Zd*, xenoporphyritic texture ZRg EHEDHH 5. EEIEMK
A disrupted dike ZY1 2 EEEREH 5. SABEFMEDIR
EREIRFEERICEENA S, ZNUSEROFREITLHIT 5.

BB, EIEREETHSH, #bL (1979, 1984)
DR TWB K3, WERICBYT 2/ N\SBlEmEEDh
HOBAERICILVERBLZLOHZL. AIAE, hE
ELFEPRELEETNEEREEHE - BLRICEAT
HEERE BEA RESHSLLIRLEESERTH
WZENSIEFTEREAEY. XARMEEDTHEES
HICEAT 2BBERIREARSEEZEICETEVED
:F?:I%Hﬁﬁji’t»?_ INSDORAERIEVINEBEEGER

BALTHY, BHEBENL 1 b rE->RIUESs
Hﬁi%/ T4 b=>RNTI 24 MERE, BHE-HEREIC
ZLTWA. L (1984) (&, BEFERHSEHREER
’E’\&#ﬂ:@”%mt BEOERLSFITEMELT 0D

DEFUEEF O LZBRTHEY, KAREBNNTH
%. TIEOLRAERIE, EHRE-ERENEENTS (&
th, 1984) &&blc, FRMEE>MUBEBENEE LT
Wa.

EEEEELIFEAERIGLTVWEWERREROE AR
EE—IRBICEAL AR (N5S°W.75~80°W) THB. %
HEMRcE, FLSA MERB~Y T4 747« v 7 HRE
TIL0L, EREEODXHREMEBETRTEHD, RO
EDONH 5. KEEMEBERTEDICIE—ERFIIEDZER
(vesicle) HNER&HHENS.

BHASER T, EROMEAMEH ERET]T 5 & FH(iC
BROBUICHETEY —VIGBE LY, SALAERICH
mLIEVTBTELN DS, iz, BRFT, 251 HEL
UREAPRILGEDILTHMICC UH AT EREM
(multiple dike) &Z0N,

FRNHE LTREAZANAZEERAREER
EEL, BIRDIME, F2 8L, 73240 8, mIRHIC
VIV EEG. REAFEE~FEETRMRK, K, &
KT, 7ZIWNA b—H— VRN FREERE, A—IVAN
FWEAERT. REAIFR0S mm FIROEMIR~IAT
RARDOEDE, LLEBIER (B3 mm) BEROEDENH
5. HEAEROMEAICIIESEENEDHON, I ML
HAEEL, TICERIENCENA EEFOWESR
=BT 5. ARAl i@ﬁi'vﬁﬁﬁi (0.1~05mm) THEE
9’4’7&@@947%\ HIEE X= %180, Y=Z/=18E

T, BEBIIX =%gE, Y Z EREBETHD. —RICEE
ARaORRIREANGIRHELTWS. ANRNGIEER

f— .

SHHKE

REMTEDHHS. BEOMMARNAIEREADRE %
BHTWD., BEERIIBEEZ2L, BT~ (015~ 04
mm) C—EERFTEL TS, AREERITEREZT 2.
JIVAVIEEEFDICZERN\O—ZHF, ETS. 7N
24 M&, FIRT, RAER 1 mm TH5.

34 pELZTERSHEICHE > TREAHTEE (MME :
mafic magmatic enclave)

NEBITET S MME (&, /NS BlEfEar, SEHEREaR,
F'iﬂ TEEar, H/ BEEERGEZBEELTETS

. —ROICEREGESEIEE MME ICEGERLNSD Y, H

Zﬁ BERTEZET 2. BEHE mm ~# m OB, BMH
R, R, LXK, a7 0v IR, AEFRGEEZEL,
BEOtMEaEL ) HREHLIICEH, MH~FHRT, E
ERE~BERKEEET S, —KIC, MMEDAD, TEEEE
FEL UMK CEE L VUEWN. MME X, BERICHET S
HEDE, WOOHEXYTEEE (enclave swarm) &7z
TEDENHD (BE3IXN).

MME & BHETHATERME L DERIE, MEDOBEMENK
FWSAIFHARET, EERRPARRZZT. MMEIZEET T
NatEfsE =L, ﬂ%@ﬁﬁ%?ﬁc‘:@fﬁﬁjﬂ_f MME i<
LIFLIERBABENFZEL, 1BlE MMEDAKETICKSH
BE 05~ 20mmZETH 5. %/%H%ﬁ&fﬁ%%c‘:
DIEFISRRET, FiEld, KUBRTBDLRYIRL.

MME |&, —iRICEREE ASEDEE CaREICDHEL,
B/ EESSBIRICET 5 MME 1, LR, BFRRAERL,
REIARADOHFMUIEEW - BERRAZRY. CNITH/BE
BERICEET HARBEDOHMAIC—HLTWS. NEE
ICEY 5 MME DFEREEAFH - IEFIREIE, &8
EHETIIMEEDIEREBY IVICELTRAY, K
ISEARTHER T Y, mantled quartz ocelli, spongy cellular
plagioclase, swallow-tail core plagioclase, acicular apatite 7

ERRESHSNS (Hibbard, 1981, 1991, 1995 ; Didier and
Barbarin, 1991). #&ihd BItFMEADERD 2D, MME &
UFRDOESICXDT 5.

341 EHHEAHEES (MME)

—PR897x MME I&, FERISERIEDE DA KRFETH B D,
25 BB A H DT AEIRD micro-diorite B (9 ¥ AR
B MME), BEETERED S 7RI LL/)luﬁﬁ?@%%)g/rj
(back-vein B2 MME) D\ 5. iz, EIT/NEEEEEART
EHY 2D MME L, WEBICED > THIEREEREILDEN
BIOL, BAEALNBZINEDHHS. INIFEGEILTORESR
{EICEES DRERIEBICK Y, NETIEEERDZE(EHE
Clcalsetemly (913 MME).

342 MWHEERIVKAREZESE (xenoporphyritic MME)
Xenoporphyritic MME &, —fRAVEBEREE/E MME ICxf L



NEEOHEREMERALFRICEY LIEREEA

T, WRETRITHEN DS, COWREROESAFH - ik
IFRRRIE, MME ETERIERE & ORRE CREICE
HBAEPERA (straddling crystal) HEEL, TEEEEYT
IRAFREBONSERPEAMKSED MME S8R ICHTT
LTWBERTHD. TDTENDS, TNSIE—HRHGE MME
EXBILT, xenoporphyritic MME GERODIBEESRERY
DMME: 3K (A) EMENS (FERIEH, 2014). 7
MIEH (2014) 1&, XA7OFRJILEEESHEES DN
st WA St EAMEDINEIC K Y, KA MEEEFD
MEAD7, MMEHOFLRBEEADT, 50T MME D
HEHREAD S /“Sribaai L, Thzh, 070753,
0.70757, 070714 DEEBTWVS. iz, L—YHY—77
L—> av@8ite /o2 AREENITEF CEoNHLE
TTERERE, ERaFOREATT & MME ROTERFE
AQT7HNECE-ERL, cnSIEFEHETIY (MMED
HER) CFHEFLDH8EmMTIEENT EEBEsML
TW%. UEDT—%E, MMEBROIERBERIERA K
feEEICHERL, TNHEFREIRRAITEAT S LIT
& 27T, xenoporphyritic MME AMER S Nc Z & &g <R
% LT 3. Xenoporphyritic MME &, BEEiFE~EEKE
HERTEDERB~FRBERTEDLHSH. TDEIHED
=i, KBERT MME DAL, ARDEEEET Y THXE
DER, RMEAAHNLVZIMYATENTNSZ EICELS.
Xenoporphyritic MME ICE N2 A%R, RMEADHBERLSR
DEFEE, BHREX IR EMEET Y IHE LRI,
TEREBEY/IHAER, REGEEGHESET YY1 RTH-
AL TH B EEZS5ND. CORKE, READHERSSIE,
gD EHY, BFICEBILYA & Y E < mantled quartz
ocelli #f®, WEHHE L H5HLRFBEDRELILHE
ODEMEBT . 758, xenoporphyritic MME &9 %
BAEOIEREFRICEH, REEEDME/ N2 —HIEBITH
TWBEELIERERDEENHERTES.

4. RERLTEREHELTNIH> TREERDERLY

41 25ESDHR

XRF IC LB 2B LFDHICTIE, BFEFEARZEARME
HETE DR X EONTERB RIX2000 (BFEE T =4
2HH) AWV EFHOTTE, MERDTTREICRER
BT BEREMETOaaRERNZFER L. RS
TTEDDMNE T 7 BAVZIVINT A= —% (FP&) %&,
MEBTHEDODMICITBEREE AW, BIERERC FP &
DEMMICDOWVTIFAE (1993) ITEALLTWD. FfeT—
ZD—ERD FeO LDV, RIGKFAICTTBI VA VEAH
JEEZEICEY, HO () BLRUMWEEE (LOI Loss on
Ignition) FEEEICKY ZTNETNEE LD, ShEliEEtk
wFe,0, & LT, A5t%E 100% I8 Licd D& DIfE
ELTIRRT . 5135k (ES: electrical supplement) (T4
EADE— MERT— 2%, T— NERKES 5KITR

LIPAFHITHIT HRFRERE Y VX EE) 31

7. B2k (BS) IC2BbERHER, £3% (ES) (&
PR BOREREY, T L (H6XI/\—H—K%ET
9. iz, B7XICTASKE (Le Maitre etal, 1989) %/ d.

42 BHERIEEEEOSELFER

NEEICET 25K (BRETEESR H/ BEEGS
ik, EFEEEE NEBTEEERE) & FeO/Mg0O-Sio,
X, APMK (58MK) &6ICYLT7AMNRAMEAIVI T
WAV RBOBFICE A > THRRINS. AAMKET
&, NEBICET AEREEERL OB/ BEEEROE S
BEBICNT T FeO ICEILT 21BEBANH S L DICRS5NS.
FeO'/MgO-Si0, ®, AFMRITHEWNTY LT A h—HILT T
VAV RFDOEAICE A > TERREIN DRI, Thard
Him, FCBEIMD ALY T IV A REDKILEITRHFERIC
Bon26&0ThH3 (FZIE, Miyashiro, 1974 ; Frost and
Mahood, 1987 ; Sisson et al,, 1996). ftIDBEREDEHKE S
LEFOMEEZRY. BRT CWERER, SFHESEY LT
A MRINTHBEEZ SN TV (BIEEED, 1989 87
RIFH, 1990) B, NEBEDT—2ARU, DT —4%
DOIRFID D, HILZ 7 IVAVRIICET B Ll ns.

421 FERBTEESHE

FRIBEDFE LCERTEREEEICE T sBRESIEREE
EDERDITTERIE, SIO, H 7220 ~ 7488wt % T, KO H
Ml X354 ~368wt.% & ES. METEkIE, Nb 81~
95ppm EEFHL. £z, Rb AN KO EERRICE VA
79 (E6X).

422 H/#HEEEHE

H/ #H&E&8&a/hOH / EERSE SO, H 7094 ~
80.65wt. %, Fe,0; K 0.65 ~ 2.85wt. % ¢, MgO £ 0.02 ~
044wt.% & Z LW (B6). B/ BIEREDEMD TR
&, SFEEER (FFH) 8IS B/ BTV
12, S0, A 60.70 ~ 61.1TWt.%, Fe,0; H* 7.50 ~ 8.77wt.%
T, MgO 1137 ~ 163wt % %= d. B/ HEKSIE,
Si0, B 52.71 ~ 53.77wt. %, Fe,0; H 9.75 ~ 11.19wt.% T,
MgO & 355 ~ 369wt % CTH 5. H./ AN EIE SO,
DN 44.29 ~ 47 55wt.% T, MgO Hh &K 11.23wt.%, CaO H
15.60wt.% &t D&, SRICHEN, JERICEWL. £k,
Cr, Ni 55K 568.6ppm, 59.6ppm & MgO, CaO EltkicE
V. B/ BEREEROIERES, b—FHIVE, BREE SO,
DALY, TiO, MnO, Al,O;, MgO, Fe,0;, Cal, HEEFH
IR L, PO IR RE%, KO NaOIlEb—FIlBEE—
TIAEEENEBRDP LTS (B6X).

H/ #BEEEAZENRT 25461F NEEEEER &
Fitmar, mRAETEEEEICEN, KO, Rb, BalcZz L.
TNE, REEDTIVAURRICZLW O THSHER
ns.
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30 5
E TiO2(wt%) AL203(wt%)
2.0 x “ 20 +.
E -+
oem A A . o ‘%
AR, L . = 45 e
o o D
] PS O..’< *"n
g &ppon
0.0 T T T T T T T 10 T T T T T T T
a0 45 S0 55 60 65 70 75 80 85 40 45 50 55 60 65 70 75 80 85
15 Si02 0.3 Si02
o "£ ) Fe203(wt%) MnO(wt%)
10 m 0.2 o E& =]
° [ ]
sYh o, a , %
5 a om 0.1 a A * 04.
jue
W) T —(—— — T'Roe || - .5 A2
40 45 50 55 60 G5 70 75 80 85 40 45 50 55 60 65 70 75 80 85
- 5i02 . Si02
MgO(wt%) 16 o CaO(wt%)
[m] 14
10 12 g &8
uE L 1: .’“:
5 + ] 6 m
e . ' Onpx
O Y , e o o
40 45 50 55 60 65 70 75 80 85 40 45 50 55 6l 65 70 75 80 85
50 Si0z 40 Si02
A
K20(wt%) a
4.0 = A ‘ Ov ("J (=] 3.0 ]
@ ° % E%. i
30 + T} A u ’ “O o
+ ™ A ABQO 2.0 £ % ® [} &( A
2.0 - [} . e o
o S :S( A X 6)
i 1.0 Al
Na20(wt%) 5 i 2
0.0 . - . . - - 0.0 = - v v v
40 45 50 55 60 65 70 75 80 85 40 45 50 55 60 65 70 75 80 85
0.6 Si02 Si02
+ P2 ()q[ wt%) Shodoshima Granite Tanoura Igneous Complex (TIC)
B — A Fujisaki-type © Granite
0.4 ° ® A @ Atchama-type O Tonalite
-t ‘ X = Nadayama-type 4 Diorite
° B Fukuda-type B Gabbro
0.2 n o® g Yoshino Granite syn-plutonic dike & MME (TIC)
oo L™ I>< ii g A © Yoshino-type ® MME
DE! O ushigaura-type ® xenoporphyritic MME
00 5 = = s = 2 = = Nanpudai Granite =+ enclave dike
40 45 S0 S5 60 65 70 75 80 85 A = =
= Nanpudai-type * composite dike
R A disrupted dike
" back-veined dike
B jate dike
BOE N—H—K (1)

Figure 6: Harker diagram (1)
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Figure 6: Harker diagram (2)

G0
= a -
Ce(ppm) o % 9 500 o Cr(ppm)
0 400 ®
G 300
o & © X
. @m0 g ; A A
ol AT By [t
¢ 100 ]
B g 0 e =
T T T T T 0
40 15 50 55 60 65 70 75 RO 85 40 45 50 55 (1} 65 70 75 80 85
5i02 b 5i02
o | \b[ppm)l 80 * | \i[ppm'll
™Y b4 o 70
+. b Cb 60 A
L ] S0 A
0 g 0. A
T A ] (= 40
u * -é%l 2 30 o m
o - [ ] 20 & oh
o 10 .A L] Anm
= ‘ — 0 o oo L .
40 45 S0 55 60 65 0 75 (1] 85 40 45 S0 a5 &l 65 Th 75 80 85
Si0)z S0z
250
Pb(ppm) A A & o Rb(ppm) Un
= A
i . 4 A
150 &
A - © 0O,o A 0‘
A [ ] L A o B
e ® o¢ @( & 100 A A
. § o o" &iﬁj %
é a X 50 B ’ 9. -
e e QL L nope®w  ~- 20000 0©
40 45 50 55 60 65 70 75 80 85 40 45 50 55 6l 65 70 75 80 85
si02 Si02
40
+ Sr(ppm) 35 Th(ppm) o
Ld 30
o ﬁg o @ X o X o 25 O o] oo
- a - l.. @ 20
< X [oNu] |
" A=l . atle
® e 10 o) &
" lm* - o
- . - 0 v v v v v v
40 45 50 55 6l 65 70 75 50 85 40 45 =0 55 60 65 70 75 80 85
5i02 5i02
400
Y(ppm) o X Zr(ppm)
Joh
. . l:ll:| X
P'S (o] = B i o 0.’-. (o}
oy, a0 wr o 8% o
. Eﬁ . (o) 100 g. a AL =]
o
i |
T T T 0 T T T T T
40 45 50 55 60 65 (] TS 80 85 40 45 50 55 (1] 65 T0 75 80 85
Si02 Si02
Ba(ppm) - Shodoshima Granite Tanoura Igneous Complex (TIC)
A Fujisaki-type © Granite
o ¢ Atchama-type O Tonalite
B Nadayama-type 4 Diorite
om .% & £m B Fukuda-type B Gabbro
B TRK AT, ;e Yoshino Granite syn-plutonic dike & MME (TIC)
.‘l ¢ 00 Bo © Yoshino-type ® MME
E, % O ushigaura-type ® xenoporphyritic MME
52 ¥ 3 = E ¥ _ Nanpudai Granite + enclave dike
40 45 S0 55 60 65 0 15 80 85 A Nanpudai-type X composite dike
o A disrupted dike
= back-veined dike
B jate dike
N—=H—E (2)
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16.0
[Shodoshima Granite ‘Tanoura Igneous Complex (TIC)
4 Fujisaki-type ©  Granite
@ Atehama-type O Tonalite
= Nadayama- A e
14.0 Phonolite N taoncs. W o
Yoshino Granit ¥ dike & MME (TIC)
©  Yoshino-type ® MME
12.0 . > Trachyte B Ushigaura-type ® xenoporphyritic MME
: Foidite Tephriphonolite (Q<20%) Nanpudai Granite + enclave dike
Trachydacite A Nanpudai-type *  composite dike
(Q>20%) A disrupted dike
" hack-veined dike
10.0 _ W ate dike
@) ; Phonotephrite Rhyolite
~ 7/
'f 3.0 7l Trachyandesite
cu . 74 i zé)e})l-]]rg;, ) Basaltic-
':.:..‘ < 0 i
3 lf Bt trachyandesite m ey
6.0 1 (01=10%)
: E‘%J L . "
1 A
' € s O e
40 [ A Ap®m
1
: (o]
2.0 g g Basalt Et?;:;ti:z Andesite Dacite
basalt o
u-u T T T L T T T L}
40 45 50 55 60 65 70 75 80 85
Si02
B7 TAS X (IBF4Z © Le Maitre, 1989)
Figure 7: TAS (Total Alkali-silica) diagram
(Boundary lines after Le Maitre et al.,1989)
423 EHHEEEHE NEFEEICEoN27 VAV RAEREARDE— FER%E
BEREEEEICET 2THFEAEROSTHEE, NE8 KRBLTWVWS. TOMOMETRICOVWTIEY Y FIVET
TEEEERY, 47BN, SO, A 7131 ~7157wt% HEVEWVIERDSNGEL. MIOEKREEXZIrEBEN
S L <, TO, 1024 ~ 026wt %, ALO, k& 1758 ~ 1833 ~ 184.6ppm & E 5. F # HAE L, Ce A 423ppm,

1824Wt% EBLVDHAKRELZRRFHTHS (F6K). £
fe, AIROMDERICHENSIO, ENZ LW EEHFALT
Fe,0; (& 245 ~ 2.46wt.%, Ca0 & 2.01 ~ 3.10wt.%, MgO
I£ 044 ~ 046Wt.% & &L, 4 EilL, SO, H 7833 ~
79.14wt. %, ALO; A 14.95 ~ 15.19wt. %, Fe,0; A 0.67 ~
1.10wt.%, CaO 042 ~ 1.05wt.% C/INEBTEmEEDE
EEEEEEMUTNS. MERARICOVWTIEFET, [
BHED2 TV TIVICBWTHEHETREEEIGEVDH 5.
SIO, BFNFNT71.31wWt.% , 71.57wt.% EZWIEESH 5N
FOD, Rb & STOBBEEICKETEVDROS5NS. Rb
& SrDEE 21 sample No.98120403 ¢, Rb IE 54.5ppm,
Sri& 3234ppm TH 2 DICxt L, sample No.98120504 ¢
I& Rb 1& 119.0ppm, Sr1& 192.6ppm B DMAEEE Y. <

85.7ppm, Nb A 82 ~ 94ppm, Pb A 19.7ppm, 32.1ppm
ThEBERarEaRDTNS EXBTTWS

424 NEETEEER

WBTtEEBICE T 2/ )\ ETEEERDOREIBE, HR
BOBLE SHEOEXTADTERIE WINE SO, N
7867wt. % L E&EF <, MgO £ 0.18wt. % LT, Fe,0; &
TAWL% U T EEL (B6R). BBEICBWTERDTT
EDOFHICIEH T VEWVEIRSNGEWLD, BEF, MMEZE
HFAHEHRYEY, BIBAT, 40, MgO DEBFENSL.
wWERlE, ERE, ZER, L8, g§HEOVITND,
Nb,Y IZ5t LT, Sr. KO, Rb, Ba, Th ICE 3, SHEENBIAPERG
VEICIER LTz VAG O #AE €, D.
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(@)

15 tholeiitic

calc-alkaline
40 50 60 70 80 90

(b)

tholeiitic

cale-alkaline

Na20+K20 MgO
Shodoshima Granite Tanoura Igneous Complex (TIC)
A Fujisaki-type ©  Granite
L 4 Atehama-type O Tonalite
B Nadayama-type 4 Diorite
B Fuknda-type B Gabbro
Yoshino Granite syn-plutonic dike & MME (TIC)
9 Yoshino-type ® MME
O Ushigaura-type ® xenoporphyritic MME
Nanpudai Granite + enclave dike
A Nanpudai-type X composite dike
A disrupted dike
" hack-veined dike
B Jate dike

E8X VLT7AN(E)REAIVITIUAY (F) R
(a)FeO*/MgO-SiO, X, (b)AFM
Figure 8: Tholeiite series and Calc-alkali series diagram
(a)FeO*/MgO-SiO, diagram
(Boundary lines after Miyashiro,1974)
(b) AFM diagram
(Boundary lines after Irvine & Baragar,1971)
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HEE— -

TEH— - THRZE

High Mg-Basalt

syn-plutonic dike & MME (TIC)
MME

enclave dike

disrupted dike

back-veined dike

late dike

Ee >+ 0

&e

16

High Al-Basalt

17 18 19 20
ALO3(Wt.%)

21

High Mg-Basalt

O

Ryoke mafic rocks
O mafic dike (after Yokoyama, 1983)
M mafic dike (after Ujike, 1977)
+ mafic dike (after Ujike, 1978)
Sierra Nevada batholith Onion Valley
@ Sheet sill (after Sisson ef al .,1996)
<> Porphyritic dike (after Sisson ef al .,1996)

'; _._____,._.--’
Data area in
""Shodoshima"

+

I:ID.

(]

+
@

.'E.?O

High Al-Basalt

o ¢+t o

fFE B e S EE T Sh M s ma e o s

13 14 15

16

™ T T T T

17 18 19 20
Al2O3(wt.%

%9 HAB (High Al-Basalt) (SiO,<52wt.%)

(BRI, Kersting etal, 1994 [TED )

Figure 9 HAB (High Al-Basalt)Diagram (SiO,<52wt.%)
(Boundary lines based on Kersting et al.,1994)
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43 pERLtEEaEICE > EHREEEO2ELFHEM

BEALEEEEICH > ERESBO2ELFHEMITEWN

CHELIL, TASK (57K) ETIEXREELGZWVWLXKEAEER
KU-IE ICREENS. £z, FMIFRRT 5L, HBEEL

TlE, (1)Ni, Cr, Mg i EDBEAETTRICZLWL (B6XD, (2)
Mgl LT ANICES, 87 )L FXKEE0R A RT (B
9K) (3) MORB##&1tE T HFSE (CEE X T, LILE 4
LREEICEL (B 10K), (4) B MORB#RE{LE T Nb
ICBDEEHROSNDS (B10X), (5) Zr-Zt/Y KT Zr/
Y EEAY MORB ICEERTHEL (BB11K), (6) Ce-Ce/Pb
T Ce/Pb tEHY MORB % OIB [ZEENTIEWL (B2 12K, (7)
Nb/Y-Th/Y BT Th/Nb EbH MORB % OIB ICEENTHLY (5B
1B, HEDF-ETRT.

NG BICET BEBESIE, ALO; B 15.35 ~ 20.34wt.%
EE<, MgO1E362 ~791wt.% EEWMERE Y. L&D
1=&, Sisson et al. (1996) @ Sierra Nevada Batholith Onion
Valley D7 —42®, BREDEHKEBE (S0, < 52wt.%) H
5, Kx (1977, 1978) , Yokoyama (1983) DT — 2 &
€T, ALO-MgO RIIc Ay kLt (BIM). RICHNT,
ALO; > T6wt. % (X I& ALO; > 16.5wt. %), MgO < 7wt. %
DEFICRREINSANLEL &7V FXKEE & EN
) (Crawford etal, 1987 ; Kersting et al,1994). Al,O;-MgO
KT, AZEDO MME, /NEE®D mafic dike (Yokoyama,
1983), BZ1HMZRWVWTTIANT, ALO; A 16wt % L E,
MgO B 7Wt.% U N DB 7 IV S KR EDEFICRRE N
5. Fiz, NaO &K 3.94wt.% & Z 0.

43.1 EHEEROSE(CFHER
EHEEREOEELFERDOKE L, BAPETTH
EOTEEEELERES - RISLTWLWEWEEZ SND R
EifAaRE Lz
T %HJI’?E@%ETK—T—%*HL I&, SiO, & 4733 ~
56.10wt. % O FHE IT dH Y, ALO; B 15.35 ~ 20.34wt. %

EACEH, T%_TJI/E FTERREBTHD. ERMCED
&, ERDITTETSO, D, BEAEIRD enclave dike 47.33

~ 59.52wt. %, disrupted dike 50.66 ~ 58.97wt. %, back-
veined dike 51.97, 53.99wt. % DIEZEL ), /éﬁﬂ%% Ei: 50.83
~5808 wt% T, ZLIEFXRENOXREBRILEICKD
Tha (B7K). zOMDOTHRIE, EHD 77:?%'( £ Sio,

DIINTAELS, TiO,, MnO, MgO, Fe,0s, Ca0, P,0s A& L
Na,O, KO IFBIT HERERYT (FE6K). Wg/—ciaﬁ
2 CIEN;, CriTliE5DEHNHFS5NS. Na,O lEFwmK 3.94wt. %
L, Na,O HhZ2WEDTIE, BRIANE— FT 40 vol.%
I E 55,

BH - NFENICRITEEEORENDEVEE, &
U SIO, B 52wt. % U FOMEN T KRB EEMICHETN

BERD MO DEEEIL 362~ 79Twt.% %R L, Ni & 55
~ 82.8ppm, Crld 9.3~ 390.7ppm, FeO/MgO > 13 TL T

8 LA I T

CHITHRIERERE<Y YT IEE) 39

NEH FeO/MgO IF 1 KUBFWL. ThETHDETAI Y ML
DAL AEEHRFTED LD BHENGHEREETHHD
FRETNTWEL. EREEOCFHEMIEEE SR, %
HAERE WV DT EIRICE BN D T U R

SiO, (<52 wt.%) DR % BT Pearce (1983) [T &K
% MORB#2#& X (2 10X) Txd &, back-veined dike,
disrupted dike, composite dike, enclave dike, #ERERIL L
INE, KRb Ba LWz LILE ICEF, Nb ICEDEEHER
HHEND. BEIWNE/NZ2— g Y 55 Ce £ TEFRIIEML,
Ba £/cld Ro TE—ZITEL K, SrDIBITEAD T 5. Zr/Y 1
35005 724 Eml. ERANCR TH 5 & enclave dike I
X, back-veined dike, disrupted dike, composite dike, %
HERCTIEThICES. WINOE#HESES, Ce/Pb< 10 T,
ZDHEMN 255 E—F TdH5 MORB OB (Hofmann et
al, 1986) ICHENTIEBMIT/hEL (BB12K). £z, Nb
& MORB D 2 BRREZ TN, wBFNV L 7A oAV 7
IWAVKREICENTE L, RERAIVY 7 IVAYEDZ
NUTIEE L TUWL % (Turner and Langmuir, 2022) (35 10 [X).

432 EHETFEE (MME) O2ELFHE/K

EHREEDCFHERIE MME, B MEEIR, BEAERE LD
FEERICKZEWEHF VAL, Ni CriEHEL MME I,
HREAYHI T b BAEFENICES. MME TN,
xenoporphyritic MME |&, MME & B/ SETERE S O RIMER
ICAIB L, SO, && K0 % Ce, Rb, Ba ICIEDABEN DS (5
6B). Ffz, SO, THXHE (<52wt%) ITHEINSEH
B MgO DEBEIL 362 ~79Twt.%Z /R L, IR
T, FeO/MgO tik 131 LLETLENE 1 KUBL.

433. HOILEGHE7 IV F+XRHRE

Medicine Lake Highland ¢, Powers (1932) (C &> T
HMEBET17wWt% U ED ALO; #BCXRERE (7L FXK
& Thigh-alumina basalt) HRULZEM, &I Tilley (1950)
ICE>T, TNHH LW IR TH ST EHFREEN
fe. —h, AFIZL, Kennedy (1933) % Yoder and Tilley (1962)
NMERLEEKRTOYLT7A S (AYZ Ay LT7A M)
ETIVA)KREDNHASNE TRk ZRd c&aml
fctg, TN OHRENECFER - SEERZ TR L, ALO,
ICHEBHIES (> 165wt%) KEEHNHENICEHEEDME
ICETAHIEAERL, INSDXEEEST IV FXRRE
(high-alumina basalt) & PEA 2 (Kuno,1959,1968). @
£21C, B7IVZFKREEWVSHOAICIE, BEITALO;E
BEZEKT 555 L, BB AROEMRENZZHL
feHBasEhhsd. RE TIVAUVEBEIK VLA -
B7IVIFHRE - TIWAHVKREDIETELE2TWVS
(Kuno,1966).

S7IVIFRREORRAICIE, MERIIDHSDHYS
VA, BArEDALD, ZiZEAESTHVRIAREIED
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(BFEIE, Kemptonetal, 1991 Ic& D<)
Figure 12 Nb/Y-Th/Y Diagram (SiO,<52wt.%)
(Boundary lines based on Kempton et al.,1991)
BEMUERICK O TEMENS (Uto,1986), m77IL=F D ALO ICEL T LIKES.
XREZSCLEDOHIVI T IVAUIIRIE, VY LT7AH NEBICET 2EHREEPMHMOBRTDOEHES, R

BRYIREVEHOICEGWERIIHOSD, HroF VA,
BESRY, BEHKILODANENICHET BT EICEST
TN (Sissonand Grove, 19933,1993b) &L o7z, W
CODDEADDS. Tie, TA4FTHARET /—HA
D 2D ERBRARTIE, HODEINET Z &Ky, 7/ —
A~ DOEFHAER U CHEBSERD ALO; DWW/ —1
A FFEVITEVEADERDRIDOETE EHIC AV bR

\=1=[=]

KFEFOREREEMTER S/ 1) X TH 5 Sierra Nevada
Batholith (Onion Valley ; Sisson et al., 1996) D& B ELEIL,
IS T IV A UZFIT, low MgO, high Na,O, high ALO, 0
w7V FRREDHEMERT 5. &, SO, H 52wt %L
TOEBHEDLEBDONSY > FILTE MgO, N, Crix &
DAVINT « TIVmRICZ LWMERIE, INEREBERICHE>T
B L OEWNLEICHBT 2/ CHh 5.
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13 Ce-Ce/Pb ¥ (SiO,<52wt.%)

(BFAZIL, Hofmannetal, 1986 [cE D)

Figure 13 Ce-Ce/Pb Diagram (SiO,<52wt.%)

(Boundary lines based on Hofmann et al.,1986)

Sisson and Grove (1993a, 1993b) T & ZEFEEERL S,
TOESBEAPNaICEH, MglcZ LLWKRE~KREE
ZIEX, T v IRY MLDA YT U EDEDARICEK D
TELRTERIIISDHY T A+ Ca BilEL+ Ca
REG+ Fe BILMODRNC L > TEHINILEDT, 4~6
Wt%D H,0 EBL T EHNARENTWVS. TDEIBEIIR
HEIE An DICEGRERAERIT, XTI H Na,OITED
iE liquidus X (& near liquidus phase TAEBANRET ST
EDEIENTWS. cnlE, NEEBAE/ BESEKICET
HEHBEEOANALNEENERELNE L, RHIEFENE
HTHBIEEANNTH S, £z, RREEIR, RIS
AR D—EB THEERE N5 miarolitic cavity, AXKEBRER, A

RE—REANII 24 Mz EDER - SRFHE R,
BwWt%DHOZBATWET HHEEZFFT HCH
FEHLE L TEITONS.

434 EBHEIIIDEEIDISG
NSEDOEHREEEDOEMRIZ, BN EHY ZHKE
E~KXREABELZILEICHDEIN, MgliczZLd NalcEgE
ST7IVIFEKRETHD. AV IN\T 1 TIVTEIE T
Y % BRE MORB [CEERXT HFSE ICH LILE ICEBA TW 3.
MORB ##&{t M Tl LILE/HFSE (A& <, Nb ICEBDOEEN
ROoND. Fie, Zr/Y1£298~877 L5300 (B11K).
TNSDFBILEIFHAHFTD NS, FICREIDNILEIC
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HHE— -

BEons60Ths. NIBILET DEHRBEDHTER -
HFHNCR T RBREZFOZENDEVER (MME, FEIRF%E
B, ISR T, DD SO, B 52wt %LU T OFERER
REBEEMICHBEINSEHEZ BV THETRD LL&%T
w10l T, EHHBRMBEL LT, NEEDEE-
BEOHEs (s /NEBILFEEE, WIE) BLUER
et CRERS, IU/N4%1 MERESS /NI BERE,
BE) DWETRT —2HEhETURY.

Kempton et al. (1991) &% Nb/Y-Th/Y &1 (Th/Nb tb)
[C&B&E, MORB & OIB M Th/Nb thld 0.1 ~ 0.17 & thEBY
INEL, BOEBEICREEINS (B12K). —7H, MORB
© OB ICENT EEBAR B AL S B DEILLIE 0.05 ~ 0.19 L
EEXREL, TESHREAEEADELLIE MORB ® OB &
INEW, NEBEDEHBEED Th/Nb tEix 006 ~ 051 T,
MORB *®® OIB DEILICEENTEWMEZ R L, EERMAEER
EEOBEHICRRINS (F12K). ERB-FHETOHE
EDTh/Nb EIE 1.05~111 £ 5K, BREHEEDRE
FaDOTh/Nb tE T 017 ~ 020, W& HED Th/Nb th T
250 £WgnE MORB-OB AL UEly. NEEDEHES
L, B12KDEY, MORB-OIB% & EE - FKHEDHERE
EPERENEE S OPEBEICRTENS. Hofmann et
al. (1986) &, #MEELTDONb®PITEEL, KB
D Nb/U th & 1012, Ce/PbLbE 4RRETHD & L,
Primitive-mantle @ Nb/U tb %= 30 F2E , Ce/Pb Lk 9 12 &
EVDOTEEENTWS. £z, MORB & L TKAFEE, K
FEDFEMEZ, OB &L THmAEFEDLY AL FE (St
Helena), A FDYE7F#EE (Samoan Island), /\7T A
B (Hawaiian Island), MAFEFOANILFES - P2V Z
7 —— 3B (Tristan da Cunha Group) DN ILIEDRELE
oL (EB13K), Nb/U=47 £ 10, Ce/Pb=25 =+ 5 D&l
Thas e, NEEOEBKESIF Ce-Ce/PbHICL S &,
Ce/Pb Lbi& Ce/Pb 19 ~ 06 DEHEHTH Y, 10 L TFTDEWN
BETT (EI13X). ERB-FFEHOHEED Ce/Pb thlZ, 0.8
~24, EREREEDORERED Ce/Pb thid 83~ 103,
BEREMEBOWERSTCe/Pb L 02 LEWNMERRT.
FEBHTH, NEEEHKESIE, MORB-OBFIEEE- T
WEOHBRES KUBREMEEOWER & & OPEEE
70Oy bEns.

U EDERLENLGRERMIL, Th®PbICED LERHIR
MBENR IR TOCRICEE LI LERBLTNS. &
NIEEHBET I TDEEIC, HRMPED ) Y1 7)bick>
Tz vFLEEY Ty I ML (enriched source
component, sub-continental lithosphere mantle) A B8 5
L7zrTgett (Plank2005) ¥, &#HEI I IHNHRAE LR
I AHBICHIRRYIE (subduction zone component) & &t
L7zrlgEE (Kimura and Yoshida,2006) =L T3,

— - TMARE
5. &R
5. EREEREEREIEEOEE

5101 Rvyya~T7L—LT7—9IKII<BY
TEHEBEXIBIGE, MUTOIIIBIICDONT
&, DRICZEOHEEANAITRNTA)) S TREBENTWVWSEE
AN TWBDIFTlEE < (Millerand Wark,2008), <7<
YDA SBEREREICE ST, BEIFHEROES
EZLERATHY, TNEDRRY Y aRkBBWNIET7 L— LA
TJ—URE2L, IITTBY2EELTEEKITGEVLEN
MMEEE DT —ANRZNEHEEEINTLS (Marsh, 1996 ;
2002). ZOLSEFBETEH, EANDT T DEHEILIRE
RIS HBO T TCREIICEE LIEMIEICL>T, TD7
L—LT—7hEENT, XTBYRLEIRDA)L ~DHII
TLTHHIBAILNLYX, AV RISy EPAIVEF v
VIN=IR D ZEN, ESICEAPRANERE TS &
ITE- T, —ENHHWVIEBANICI IR ZHRICE TS
7.
ROIROYIEE, TP OERTRIELICE 2T, K
ELZILT B, FEED 5% UTDBEERIN I (&R
SYENER © suspension zone), f&E&DY 25% ~ 55% F CTDMEE
HE W aIRE (mush zone), #E&H 55% ~ 100% DRE,
HEIIIDBEREES (rigid crust) EMER. Z LT, HR#<
IR W RITHE S 25% OEFAESGRER LB T O
>R EMER (HR)1],2008 ; FHEIEH, 2017).
ROBY)DOTERIC, SRDERET I IHIEEN
FTNICK D TEDHIEEINT, BHESNBTET, XIX
YUY AT ADRBICOE > TAHELT 5 &z MR
TNBHEEDRHBEEZSNTWVS. T, FEH SM4HE
TNEBREHER IR, HHWVEZTNICHRT 2EER
EOEAMEARER S D WNME< Y & 2 IRERDFE R & R L CRED
fbZREL, ZNHBANDF|ERICEEHEEEHD. IT
TBUATEERE - BMETH BN B AIRET
IRIOBEHICHETLT, BROEBFHETIIDFEAICKD
THELTEBERETITHNELE L TVWBBELHY, TDIE
MES IRICK B NEDHOANBSMMET I DEH % (2
Licsd2EXEHS (Pallister et al, 1992 ; Takeuchi and
Nakamura,2001) .

512 RERIIBIVICBIBE—RIITEEER—
BRIIITES

EREECTEREBR VRO TICEREBI IRHNEFEET
DHBRIUVBEIICANTCIE, ER TEEEEAIV MR
UEHEAI DOBEOXNBRICEY, IIBEVIE
BiEZEFHETRT (AN, 2021). BHBEAI FOBEL
TEREBEAI NDOBRE<EROBREOBEGEHLNHZHE, <
IBEY UEHDNEINICALEICKY, TEEEE AL+
EEHBE A NDR—RIBEEDERTL, BRIE<Y
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WIESBICLIET . fﬁ%gxwhmﬁf<ZE%
E%whwfr<%%@fr®%%b%é . AL
i&E&E%L%ﬁD@ fﬁ%gvﬁv$@%miﬁﬁ

B IBITEE L TGRSR I EENET LEDL S,
uwi777/iU@fLﬁF?%.%ﬁ%%%WF@&
E<EROBRE<<ETRBEAI NDBREDOBRHID DIEE
EREER IV IXPDERITERET IIPRICEATET,
X IRDBRIGEELT, XITESIERTS5HEW.
2L, EHEAIL FDOBREIL, HOEH%NEET 5 E8E
ADBRELVELSEZZDT, SEXIV ALY 7IVA
DRADEKST IV TRKREE THDHE, LidD&E
DT — Xb‘igéTAb’lé*Eiﬁb\ %Y, fEEBEE AL~
I LT, EHE A0 FHELLC HOICBATWAEEIL,
BB IEEDETL, —F, Eﬁ%gxw&&%ﬁ
BA)MHORREEICHO ZEATVWAEHEIL, KGR
TCGEEDETT B (T, 2021).

R—IBIREDRE, XIXDBEERIE, MR
ﬁ%%hﬁ%%/&&%.—H,ﬁ—%m777%m®%
B, BB IXEBEEELIEFELGDEEERBILZRT.
EEEBETEDSE, R—IER< Y7 ESDHEMELRE
Li;&*7&777/tb:|®‘(fxﬁgé:pj m}%’irﬁﬂ <, /{Q*E/&%Tﬁ%
DIFE, BRIV EEOEBECERISE —R< Y
TEEDREIVEREMICC S (FAR, 2014). Ishihara
etal. (2003) (&, BABERHISTEEEER I/ EEHET
IRDBEICK>TELIEEEZOND F—FIVED, T
RORDEMIEES TIEHRBTERWERER DT L&
BLTWD., 2O ElE, E—FERKR (B85K) Ch—
FTIVEDHEBH N RIEA—ARIDEFEITIFIFLA TS Y, M
NWE—TEEBEDESBENOAELNANTVAE T ELEE
BBSHhThD. mar (2014) &, BRI ESICHE
IHEERFHICEDHETRERNRILTT IV ABEL
EREDM—FILED, EHRETIRITEHEER I XHD
BREANEAT IR BRI IEBICE>TER NS
HIEEPELSMNTLTNS.

513 TEEBBTIIDAIERDETEEHETITLE
aj;l:bI:l ;tbﬁi@*%

TEEEX VY OEBEOEHITEA LIZHOICEA
EEHKBRIYIE, ftMaB<Y /B ATORE< Y1
DEERENCHE, EEBBEXIRER—REG LIzEH#
EIND. ZOEOICLTELIEREERIIE E5IcfE
MBEBY TP, HlCEALEESRET I EBYIRL
BELT, kmeBELRERE, THIAREPRERGEA

ESNERLIE N—TILEGEEE LS.

TEEBER IR OANEENEF, B RIKEH K
ELHBDE, BROEBHRBETITEDIMENKELL K
VW, XTIBYNTORBMENNESCGEST, BR—B<Y

TREICH D> TN I BN EMT 5L DIk
5. BEHBEEOZIIEMEBELDT, BEHETITILZ

8 LA ITIC

BT B RERERER VA 43

FEXIVNDRETEALZEEZSNS. TNICHLT,
xenoporphyritic MME 75 EICISHERBRAETEND T &H
5, 777E®M®fﬁ%§777i%<®ﬂﬁ%w%ﬁ
TBHIYY 1R BWVIEAMERRDIRREICH o EHEETN
5. ZEIBR, BAENITEED MME ©ER, <V<E
BERBLIERAMEEERENFETHIENLS, TD
BERICE, TAD N INRBDHEST, EHETTIPIE
RBETRUIRUEEPERA M TON, B—EETITES
ICRD M—FIVEDERE COEHRICAINEEEZI SN
5.

514 EFHEIBE (MME) ILB1F BT ITREDET

MME &, ZDER, sYEHELE, 2atFHEMHLE
HEESRICEMT ST L, GENSTEMEER Y/ BEIN
DEHBEROBIFAKREEZ 5N 5. Xenoporphyritic
MME DfEIEnBERZB I A2IEREEN I X EEHHE
RIIDB—ERRITEG LT EERLTWVWS. B85
HRDAR, REAERFOEE, B LIETEEEERD
ROIRDELEELTWS. B/ BRRE~ b—FIVEF
D xenoporphyritic MME ICE £ N5 MERRITZDZ H
NEA AEHSLEVEEFAEXLS. THIEH/ BRERE
~hr—=FILETCOERBLIEFNIREA AR >EESZT
HBTEDS, DIE EE xenoporphyritic MME & BiiE
~hk—=FIVEK, TEEEEIIIHLAR, REAESTGY
YRRV 1DREDEERELIEEEZAONS. &
51, B/ BERREY—KOBE/ B r—TIVEICET S
xenoporphyritic MME E{J@ﬁﬁ%uaa IZTDEIHREAT
HBTENS, COBERREREEELTSHV AR
VVVJF%DE&%bh%.E/ﬁ@é%%ﬁ&?%%
BB 8D b —F LB F D xenoporphyritic MME 1,
mantled quartz ocelli B 7 <, disrupted dike 7z & T &
LI LI mantled quartz ocelli BAE8&HENS. TN,
#, xenoporphyritic MME ZFE2RL L fe BH#HET I HE A
LT, BEfELEERETIE, fEMafic, fraidatl

TWiEho7eh, disrupted dike FEALESICIE, SBEET LT
TEHEBEY/XHIC, REAREHICER GE LTV A
BEMARY. £ MME ZBGH ./ HERIREPHE/ B h—71
IVEE, 2FMICRIE T, SRESICERTSZEERS
N3 mm ZED mafic clot 1) =L UHBEETH 5.
Xenoporphyritic MME FRDOREAIET > M ILEHE L <5
BLTWD, Wbk 3 spongy cellular plagioclase TH W,
Fle/N\y FREEENEECTHS. B/ BENRECH/ A
F—FILEICEEROBEGLEDON, ZELIEFEHLT
WBT &, REBED/\Z—VDERICLTWVBT L, H
FHCTHY, DT Ll EHEIITEMRAMRIEE
EEXIROREEZEBIRELTWS.

L7eh 2T, B/ BEEERICED 5 N5 ZHRE MME X,
EROIEREER VI DAHEREBRIED & £ & KAEHAIC
SREOEMHBETIINEINTEALET EITK>TEMA
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Figure 14 A model for magma chamber evolution in Tanoura Igneous Complex(TIC)

ThizEEZASNS (B14K). BIL, EEEEIIH
BEVER AL E S D, AHEGEBEROEMITEA L
HERETIUXIE, ITBEVRTORNEREHROBR, &K
—BRIRBEEPR BRI IVEEIETL, TFETE

SHEEROEGY, B—ERY I EEETR T MME G E
DR E N (B 14X stage.l). TEMBEER Y X DAHE
FEOETITH S ERTRIALLDBIME & &1, TEEEEST
TIOMENBIIL T, RYBEIATORINSTEED
T &ET, RUEBICH D DT, Backvein LB LS
EHEP O ENBRRE > MME DFERAEEE AT (5B
14 X stage.2 ~ 4).

MME ITIE, SBERDARROANFEEET %, Straddling
crystal NFEFET 5, enclave dike £EA T 2, HEREER
H5 MME DD BE - DTSN ZBREARBEEINTVS, &
EDOEMA DB ENS, MMEDE IFIRMB CHEAIN
fcEEZ BN, B/ BAEEEROMEDT (EB2K) 5,
Z T TR IBYELEARBNMRFEINEEDEEZ SN
3. fzfzL, MME OFITIX, ZDEFEITRE T > EHE

EIROFEHONT, TEREEX Y ORENHE D TIRTICL >
TELVERZRLIY, EROEBEEINFEIT S LT
EDS, BIDBFATIEMEN, TEMEBR I DREH D
CRUBFE CERINLDEHELEEZONS.

515 EHFHEERICRSN3AEEEELDRRE
NIBICET 2EHEERIIND CERNZHR TH B,
AKELO6type XD TES (B3I, FA4K). ThoD 55,
enclave dike, disrupted dike, back-veined dike &N 2 7fz[E
Etaikid/ g EmEtic, BRakiNEELEICET .
enclave dike, disrupted dike, back-vein dike, Z L C#H&
ROFERDEWNE, BEOTEEBERI/ROEBESL, 7
NITEEE Lz EHR,TRAREE D bIC, EITHREETNTWLS
EEZOND (B14K). i, H/ BESERICZEYT
AHEFMEERICIE, BEDOEMEER I Y EDKRLEIER
TERDERSDEND. TNoRFEERE DE - 2L TWL
2YEIE, BELEROTEMEE~T 24 NEETHS
TENZW. ThiE, EROTEEEER Y < DBMARERIC



NEEOEELTEEEEL FNIOER L ERE S

A LEBOFNEBICESROERET IIHNEA - RELT,
AHERE Lk, BEDOGRT L —LT— 7 RORBRNE
HEERICEBEA (back-vein) LT, BEROHWET 2DBTE
NEERTHHEEZSND (B14K). Tz, NEBIC
BIFHEFEEREEGHEROEATEAD ML > FiE, %
HERRANEIERIE (N10°W - 90°) ERERTDITH LT,
BRFEERDZ UL, enclave dike TP, disrupted dike
TERAHBEHIS/NTZDE, Z LT back-veined dike TE4L,
EZ LTV, Chid, FEEMtEREY, BHEERED
M, BABHDEWNAS e &lckdEDEEZEN
5. ERFESIKEARICE, BEHNEERN AL N GRR)
ICEATHY, LHroROBNBEZRRECE 20IAERIRRE
THholeDlcx L, BEAEMEARICE, BEEEEmIC
AHERELTHY, mItAROLENEERESISD T T,
FiLEDHEOBNE ELCTzEEZONS (B 14K). F
fo, FIRMEERBAR, BE0OXY b T—JDEEGEIC
KV, BRODBE DIz &, disrupted dike 75 &
ICHONZEARBDIESDEDNDETER TH>fcEERZS
N5. TrEHMEOBL disrupted dike 72 E1E, 2B
ABBED EW T, DEEH N-S DS —7 1 VigEHETT (B
3K (B). TNnlE, %I disrupted dike [T 2 ESHKE< Y
XD EWERADOROENENDEAR, BEOAHERH
ES EHIC, NSHEOLREERSANEE SER, =ik
BRI DOBHEEICH D ARENGE CRA D SIROME T
DEFH, ZOWMEAICHEDERNMEALIEEEZEZ S &
SEICEHIBBANHERS. F /a5 disrupted dike ICTR 5N
8GN, BROAREREICH S HRBRINEN N RASRE (B
AE) ICEBEICE T, N-SHEDLEERISISD T Tk
BODBE [ZLHIRANTITONIRER THDEEZSNS.
Z LT, back-veined dike DFERAT—DICE 5 E, HHEFAE
frER Rt EBOETERT ZEN D, RRFIESIRFER
DREEPETIE, BREBDREDL SFBEIL\DERHET >
feEEZSNS (B14K).

52 kIAHFICHITHARERERET JTEH

521 BREIIJIMITFICERGIIRBYZEMT S
ZRF
—MRIC, AT DL SBERBEERENLEDHT 5

kmIZFEDFEEICE, ESEH km A5 10 km IZET, FEta
DNAIVTZORESICEHT HL D%, FleLEio< s
TBYDEFEEL, T, ITBY (RIRITEEINT
BABK) & NVURBERTH->TH, FEEEICKD
TR ENTCEERNITHRRD SO EF S EABEDRE
EEEEHRDOBRE LIEEDTHDEEZASNTVD (B
5 ,2025).

AIVTZ2HERT BESGEAREBAEZRT LIEEREY
IRIBIE, BAETICOEL LB AELN ST RE
FORBIchlz>TReICEILT 5T &<, ITTDIR
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BEOFET, FELETTWEEZSNTWVS (Gelman,
Gutiérrez and Bachmann,2013). ZD XS hEAEDHEES
RIRENT LEBWVWTITHBERDO T TR INIZED
TlEhE<, BEENMNITRINEED D ETREARY
TRBYVICHELIZEEZEZASNTWS (515 ,2025). ik,
RTIMEENMEVEETEH, FEHSBDOMHEH LN,
RIBYHEIE TICRBBHIFENSHEENH .
FIZIE, (FEEL LERERESEN SEHIERETY
TBYIC, FEHOSEBEEHRETIINEAINSE, 7
DEY, ZNICHESEBRIEICKY, 288 Eh, B
BRT 5.

Ftz, BERDBUCKRIOBERENZT > ARRED
W ZLUAEEN L TW B gL, —MRICEIERT7 b2
ADHBCHY, REVNGHBRERRE (F) HUNET L
CIFIF—HLTWS. HIREFREHANNE L, HIRHERR
TIREEICH D &, MMTFORIRBYLRELET, EHREICH
o TREDRIREZZRBLYILV. bbb, BEAE
NEFTS K OBARBEGEREBT VYA DFEREINSDDH
ESDE, BENGHRELREICHKEL TS &LIC
%55 (318,1995).

522 EFAKBICBITBRREERET I TEH
HIVT ZERZHES LS GEABAOERET I EY
&, KRGV ZRTEmEREENITIZIZR CHDT
H5 (315 ,2025). FHIFH (1999) (&, BEAFHERDE
JALGESIER (10 ~ TMa) (CERILEARIERE CEEL -
HIVT ZEODHEREIE, BELL (120~ 110Ma) |TEED
R REEBAER TR SNt EILITEEE DD HEEICIF
FEEE T A EamL, BALERA/LT ZEIFAL ELhIE
MAEICH T AERERREREDEZHICHISLIEEDT
HBEMETWNSB. —7, Yamamoto (2003) (&, FEmEH
IR (83 ~65Ma) AL TTEOEBEEE 3 X 10°
DRE km’/ky km?) (&, RILEBARDEBHHENRAHIVLT ZED
BHR(GAC, BEMEVN ITERRO T CEREEH
T THERSNEEREY IRECHESIELDTH D, &
WLTCWD. Thhbhb, AEBARELOARBEREY
IREFDBEE, HEEV I XDERENRICKED D
WS KUK, KIBRERETITBYNEREINST
BITIE, HEFOMMEREREHNNEWVNEND T, KBDY
IIDHFRAITEY T VERE LIERENH > A BEED
EZBN5.
BEAFTERDEILH AN £ ORI K FEG P EIMIAA
EHES BT, KRBRERBIYIROBAZEES LT
ZNLEBNE, BIRB COXREZHD U7 MEAILS
BRUWIKFEEHES CORILEBEXLEN\DOEHBHICERD 5
N5. ZOFBHHIL, MREERENNE L, TILT7 /=
FEESETNBOENLHDE DD, MRRH IR
RIRREBITBEON TV TH S (Acocella et al,2008).
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TODROITIRRTIE, BOSERGLEMRBICLEER LT, #
TORIIBEIDNKIEETHY, REEICOE>THL
TICABOR IR ZER/ LY T, AILT T AESH S|
ERITEOBABBERETITEYEZERLPTH D
7= (3% 1995 ; 2025) &EZ 5N 5.

FArAAROELTEHEEREDEERICL, BFEEEEITN
L7ay FAEIMBINERBBLEAS, EEITAHIIID
TIVAVEMETFTBHEVSFHAH S CRE,1979). [
BOALT7OY FOBEIMEINDZREY, ZHICHDEET
BITIDBTIVZFIRREDSETIVAUY LT A A
DEED, RILBRMOBBEHFERMEENICE N TEHER
5N (Yoshida et al,2013), T SMEIHAFT TDMNAL
FEEC I EaNDECEV. BRI, EIhEARIIOSRER
L 7ay b GEEERMND 7 FROES) (a2 TEE
R NUSEEIARSSNBZD, TDO) T METIE, U7 b
RIS HIRDELLE, )T MRITRSTEROFENAE
DEHERITENCKY, IRRSBED P FaRES (U
T MU— bE) D FEBHRDELHE LTS (Yoshida
etal, 2013 ; FHAIZH, 2020). [EHFEROIE 30km ZHBZ 5T
REREICES P ESRESN, PREEFDOILE (AR
B TR THm LTS EH Omuralieva et al. (2012)
ICE>THESENMIETNTWNS. COPEEERESHIFHEL
TWBIGRRIE, #REHSE(L L TWBFFrIch Y (toetal,
2009), EALEAIISFHFHALTOY MIBFBE ) 7 MET
DAEDEHBET/ERICHSLIEY 7 ML— FEEE
ROBENCDHBMICEFEET A EATRBRLTWVNS. T
DERBCOPRZRE) 7 ML—MEEERLIZY T
HIERV T MRIEMRT EETSH. TNSOEMEDLS,
BRIEEEBICFKET HALTOY MMCFETICHEELZA

WS ERE L, BR) 7 FREFHROEEICHILTE
BRBEED DS, )T MERIE5IREGICS I E R < ERESD

T, EBE7Ov JRICEOENBEZEL, ZTICERR
DRIIBYETEKT 5. TICHBEEBICK > CHROZE
MEEBHZABREEETITEY, NNV IDFEHREIN
BHEEZOND. BILHAKIMTROS5N S, ThIHAHHD
NLT7OY M TR S, 5IERB TCOXREEMAED!) 7 ME
FgHo, EREHIVLT IANEE, L TEHES CORIL
ENLTEINDORIEZL (Yoshida et al,2013) A, KFEG
DiLFFAHFHTICAIE L T W eFam EABELDAIRIELZTE
FEAEERBEOEMICEHED > TOrTREEA T

523 BHERTEEERE TS EREEDHMFEESE
NI EDEREEEBICLIELIERO 5N LREER T
FEEIOIVARIBIERE, BT5<ERY T MROEEICE
Rl Oy MCFTICFEEZE LTCREEDIGEICE D
T, RYVIRDIEEEBER VIO LR LIERTH S &
EZBND. DFY, 20~ 15 km gIEOHRREPN, >~ —
MRICEALCECEHBERIEEERAICT LT, i
fRENeYy Y I ROEMEET /D, REAEDAE(C

f— .
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AD TREBAINE A RF LR, SERtHEESE
BEVTHEERIEMEED, BREOHRREEARESE
BHBERLEEEZSNS (F - B, 2007).

A/ EEESEEPICHH LTS MME I, TT&IEERS
BICECTEHOBNBZFRELESESRICEART 5 &
EZOND (B14K). TOT EIF, TOBERROEREMED
FIfEEORAEBOSNBDOERNE W ICEEEL TW
CEETBLTVS.

HOZNBEFRELISEOE®RETI/VIE, EHEE
RIREBRELAELS, ARDEETEEEETITICED
TAHEN, ERFEEREFER L. BEHRETIIDAT
FENEER > CWTEEBER IR T, BHBEERHH
W, DTSN, SRGFEETTICES e (B4K, E 14 K).
TEEBET I YDEIEANETT BTN, FFEEROE
EECDREVERME TR2EDAHNERMET 5K D105,
H./EEEORBEERD S5, FE0OHENERL, /i
[EXEISHICZRIE LTHSEA LTz & BN s back-venined
dike PEHEIR/G CIFFEILERDORBOENEZRTEL TV
% (FE14K).

T, HERTOALTOY FOEIMEINDEBIBRE £
BHS, EREEESEOOHHEAAO LGS ITAL—FK
ERTHBLETEEEICR L EN 2B BEEEEH X
EAL, AEOHBEESBEICEMEREZSZ NS, HHE
Bz, CoOBHEGE LItEars, EdERSAODT
TEUIeEmitEROBOENBIRA> T, BRLUEEEHLS
B ABEBERDNEAINEEEZSNS.

6.

NEBICHMT 2BRREHER LGt aRE, B
HITESLICEHRBEEDEREEANFEREL, BHFD
TtHEREEHREELOBRERLSHNICT 2 ELBIC, £
NS DRFEELR =R LT

(1) hEeoaIEcftmadicH > EHES DB/,
AT TIVAVRFNCBY &7 IV FRKREED
FKEHNEEXRE~XREELLUETHS. &
DET7IVZFRHREBT U XIE, enriched source
component &, subduction zone component @ i
BE I, KEMR®, KBEUVIATI7EOEE
RISE#RER U e A IR B AR COEBI L e
IR OEEERED.

NEEITEYT 2EHESIL, MME, BIRFESER, &HA
BRICKBITES. &5, ERMEEMRIE enclave
dike, disrupted dike, back-veined dike, composite
dike [CREEENS.

EHEEROERDLHFIEE, BEREE (BRI
) AET HEBEDTEEEER /XIC, BEDE
BETIINMERLEALZCEICE>TELE

(2)

(3)
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HEDTH 5. FREESROFEEIE, BAEDOERE
DAHERBORVERETERINZEDIFE, <
IRBEMED MME(EAEITL, R MMEEED
AHERENEITT I, enclave dike, disrupted
dike, back-veined dike, Z L CREAEARN & T ES
DBRFDRRENFNEDNEZLLTWNS.
7am B AR ERL O AREEEEEDEEL, BT
HIAH TN ALEBIDEY) CHSHHRALH A, BEIFT
R TOABEE S BUENH S ERIER LI
ZOEOGHERDD, BRI MROENIIRES
A B AR ECTEEERE TN > BRBEEDR
MFER =R .

R

KRARICHIY, EEDO—A SA) &, NHESF BFIFE

REREHRIC, RAXRONEKBDERICHIY THH
ZIREE Lo, KBEEF WOXRFPRFERIBMFHIRRNE
i, MLEDORITREPEANTOEXICDWNTHR
%E%?Lt.%%k?k?%ﬁ?ﬁnﬂ%?iﬂ%ﬁ%
BRZER - BN YEMRE (HE) OBERKRICE, B4
FCBEEIEET LT itK &, BISILEFRILASE
WEFMBEMER, AMM—K, ERXROBEFESDIAY
MIE2THEINE L. INSDARICESRHHL
£9.
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Striped Coloration in the Shinanogawa Loam Formation:
Stratigraphy and Environmental Conditions of Formation
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Abstract: Currently, outcrops cannot be observed at the Miho site, the type locality for the
Shinanogawa Loam Formation in Niigata Prefecture. However, in the provided outcrop photograph,
‘'striped coloration' is clearly visible, consisting of a 'broad units of coloration' and a 'narrow units
of coloration.' These divisions were identified by visual inspection for the former and by color
analysis for the latter. In the color analysis, digital data from the photograph was processed with
correction adjustments to accurately reproduce colors, producing color variation curves. The
threshold obtained from these curves was used to demarcate the narrow units of coloration. The
striped coloration was then correlated with the strata of the type locality, which was subsequently
compared to loess stratigraphy and marine isotope stratigraphy using the ages of several tephra
layers within the strata. Additionally, the formation conditions of the striped coloration soils at
the Miho site were examined from a pedological perspective. The findings revealed that the site
experienced the formation of "zonal soils” influenced by climate, "flat plane soils" associated with
topography, and the deposition of "loessial soils" as parent material. These soils were buried and
preserved in recurring cycles under the environmental context of the "passage of time."

¥ C&lc
BHPERMOKRBEBE S X LBIF—RICARDO— L
BENDSHES . ZITEDOEIL, ZBELRICERY LDES

D> 7T, ZOMuTIZBEEER & L,’)’) B& - e -
REEESKRGEIRADMOE T DD . CDOLDEEDE
WPZEDBRICDNT , EESIZTNE TICMHERALED
ERRIT, MUKDEEENERDZRIBDEDHET ST
Tl TR, ERIVLBOTOMBICS T, ALkE
ZLBGRM T, BEIRYOFZEICK Y BBIEHIETT S
TEDBESLEE O GREEIED, 2019) . —A T, ALK
DEBEHNVEVKRTEBOEICET 278375 <, KAEHR
BEHAZ . T T AR TIE, Bt LI FEElIlc B
TEHEAX - BAEAOMIEICEIE L, A RthE=E
Liz.

¥EREO+HEH—ZEE ALY ZNLUNDEE) 7

DA EIESHEONEEHRDOD T EFRENDY , TNETIC
HZDMENGINTE. TOMFOER T FICFKIET S

—LBEORLIBIF—FELT ERINIO—LEBI £ENn
TW% GEoEMLURERZE Y IL—7,1981) . F5 LIiER
O—LABOBIMDZFOMADERIT , REEOREGE
TEEIR#MTHS . Z5 Lich, h DT RIFEEHIRAEIC
HoBAMOBEBEEE (LT IBEBEEE|) HEMfINE
(Fig.1) ., BATIEFBROBEREREENED L, #i
FREEOHBEASNESN TV, BEICEEINE
EEBIIEELGHREREGUES .

Figl DEETEB TN EBH-IL, HHBDEBHBIRIC
EEBEINTWVWBCETHD (LU THRIRBEE] “striped
coloration” &LV 3) . TS LIcigIRBEBDREREEREHIIC
RETT BITIHTAEAIRBICHI B L, FFEEBEHISES
NnietEOHBZWRICTH2OHNEXL L. LHL, ZTDE
BEOLSICEENBARIZE > (RBINIBREE L IE
BIh 7 &7 DERBAESHE Lic . TxbhbB/smCla#Fica
BEEOBROMARFTIC, TOEBEEN SBIRER(IC
BLTCOERAERDDHIEE L. Db, BEEEDE
RIIA , BELLS T IVRIVEREE T, BIREBDEDHT



52 LLEFHRL -

Fig.1 Outcrop of the Shinanogawa Loam Formation at
the Miho site (photographed by Hideo Watanabe).
The lowermost part of the formation is not
exposed. Arrows indicate the boundaries of the
broad coloration units. "Gs" marks the ground
surface, and the square denotes the measurement
zone (Mz) used for color analysis.
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Fig.2 Well-developed river terraces in the Tsunan area. T:
Taniage Terrace; M: Maibara Terrace; H: Honokisaka
Terrace; K: Kaisaka Terrace; S: Shomen Terrace; O1:
Owaniro | Terrace; O2: Owaniro Il Terrace. (Photo
by T. Yamanoi)
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Fig.3 Location map of river terraces and the Miho site
near Tokamachi. Base map adapted from the
Digital Web System of the Geospatial Information
Authority of Japan.
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Fig.4 Prototype color analysis curves of the striped
coloration using the HSB color model. Curves
are based on uncorrected image data. H: hue; S:
saturation; B: brightness.
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Broad units of Narrow units of
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Fig.5 lllustrates the broad units of coloration (based on visual classification), and the color analysis curves derived from the B
component of the HSB color system. The curve showing the removal of the inhibition component value is presented
in (), while Gaussian blurring with o =2 and o =4 is depicted in (b) and (c), respectively.
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HR CIEERXD CEBEMEKL VRSN DE{HE DT
WT TRREBE ] IRVBENTVDEEZISNS (E&Eo
B 6 TIFBITTDRIRHIEBLY) . Ko, 2 RAERIRE L

I& (b) EfRO K W BIE S HIETEND .
k&Y, Bathd (b) Bz BV THRVWEEF Z X7

T5H, T TCICBRRDETNLEVEETDERIZVNTNOD
BETEHLHEE 130 ABETHS . K>, FOEEFXHDT
HLBEE 130 2EE LTS Lz R &2 D& TL
WEBHLLS —ROEBED LU SDEE OLDICL,
Fig.5 DFWEBFX 7 (Narrow units of coloration) (s L
fz.

BRECSIIBDEMOERBTHY , ZDEFIIKBEEBD
BEEOK SEBEESIEE, REHERRED HE] T
55 . ELITHVWEBT ClE LRBOEETHBEEHDOHICIER
ERECER. LHL, FEOWEBSTDI D LR, #
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Shinanogawa Loam

Niigata Volcanic Ash Research Group (1981)

Type section
Colouer

Miho site

Broad units of
coloration

1 [] Dark brown

Kaisaka Loam F.

[1Bright brown

DO
B1

D1

HEEE] TEITH THETIS

Maibara Loam Formation

B2

15

Colour leged for
the Shinanogawa Loam

Black
Dark Brown

Brown

W28 Yellowish brown

Grayish brown
Bright grayish brown

Taniage Loam Formation

Lithology of the Shinanogawa loam and tephra

Surface soil D Fine-grained loam
111| Dark colored zone Decolorized zone
[<=<] Scoriaceous coarse-grained volcanic ash
Pumiceous coarse-grained volcanic ash
Pumiceous fine-grained volcanic ash

Fig. 6 Classification of the broad units of coloration in
the Miho site loam and their correlation with the
type section of the Shinanogawa Loam Formation.
Blue lines indicate lithological correlations; red
dashed lines represent estimated correlations with
tephra layers.

BEDBEHPAETVNEED T—FEET L EBY , TNLY
IR D L SHERIBAG LABRTHS . I kbbb, =
R OO—LBOBREESE , LVWEBTIE—IRE CXY]
Y, EWEESIEEDITHIE T, BESDhE TERIT OHEY
ICBRAS.

3. EWERTFOREA

LEWEBTORIE, 77 20FRDSHET 5D, BB
BECTT77MFECESDIFRIRT 6 DA THB . Fiz,
ROEES EEERE GURAWLKRZE Y )L —7,1981)
ICRREEN2ET 7 TDRBEDERLABDLSNGEWN. I T
BESEICBIT2ET 7 7DMER , BAHOIERE DT 7
TOMBELVESTCEICREICHAI L TR LIZBZEIC
HB2HLOE LT (Figo FREWHR) . S5 LT 7S BED
ZOBRITBMENTET 75, HBWVEEET 7 ZICREEN
e (B, 2000) DEZELXISERIL Fig.7 (BEEES)
ICEKEDH TR .

LEWEBHORBERODERIL, ZNThOERBEICLRE
WETEDTITOERDSUTOLS ICHESN .

'DO/B1 iR |, HREER FEDEBLT D FRICHT:
5. BEE (BR7L) OETFICRHENKS IFAKE
Ttz (B, 2000) . As-K DEAIE, 16,619 £ 74 IntCal20
yrs BP (Albert et al, 2024) £ENTWVWBDT, BROFER
& T DEREFEHRDPF LU . TB1/DT R &, KT OP
PHRAICHY K IEDKP EE Ntz (EZ, 2000) . DKP M
FRIE Albertetal. (2018) 1Tk D& 596 +55ka THBT
EDS, COEFRIG 6 AFRIEEEZ S5NS . TD1/B2 1R5R
I&, M3(AY) DETFTM2 (NG) D LEic®h s . g5k (2001)
ECOREADT 75 & LTRM EET 758 (2K 1TF
B L, ZD5BHIC Iz-KTa (FBFBERMAEZT— (MIS)
D 5-6 ERETET B & LTz EREHIEIE 12-KTa DR X EEFE
DobLIMNCHANDD, BEIKL L5, AY & NG (1z-KTo)
DEICHENSIETT TH S (#5K,2001) . DT EDDS,
HERIL 1z-KTa DBZEICH Y , MIS D 5-6 IHFR (13 FHEHT)
ICHEET2EEA5NS . TB2/D2IRR. &, A LO— LB
D EEBD TIAMG-b) (LI KTz % . MGUKREEAEE ) DIE
ERIEFEFREOETALEEZ SN (B2 - FH, 1981)
BXILOFEBFERIL 19-30 AFFIE ENTWVS (&FIED,
1991) . MG-b I& MG D& ERIfHAICH DD T, T DFLIE
19-20 FEREBEHES NS . TD2/B3 R (£ T6 DE T
ICHB . TOEMGITEENDDT, TDERIE 19 HEFIH
530 AEFIE CORBICHBD, 7 7 IH SRR TEN
W EICHEO S EE S5,

4. BREEBFOERFRERF DXL

BB DERNRIER S ENSFEOELREIR, B0
EWICKSMIROEBZRFME LTS (Liuetal, 1985;
Kukla, 1987 %5.&) . EfEMimOO—LBLRME CHY , T
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DIEVEEFTLRBROEBERHME L TWS . £ T, =
HROAO—LBOLEWEBRXSD (O, BER) EBOMD
2 AL RER (b) & D, BBRRDOERIGEE LT 72
BEDERZE >, BULERBRENEROTEDOE LB
Fr & ERAIBR (Cohen and Gibbard, 2019) (Xt
tbLfe (Fig7) .

EBMEOO-LBOLEVEEEX DD DB BFIF,
Fig7(EB) DES I, BEXEDL SBRICHFE CRIRY
DARBERESEIRNEROE5NS . ESICEDHTICL D B AL
DOZAHIRIEHED K D ICEBEDO— LBDBIRE
BEEDTHEHAXRBELTVWSEEZASNS . COMBEET T2
DERTRYSNIHETEEBREMAEART— (MIS)
DR E LT 5 S8BT EhRESoNS . 25 L
MHEROLLE T, 18 - BOE— 7 DS d 28EMAH 5
MIS >/ \—% B 2>l HIc iR LT (Fig.7).

BE, BBEBEEORAHSIALEKY 100 m DS T, E-
NA—LBOMEERICENAEEIN TV, BELBFRDZ
NS EEENTWS (£,2004) . COERET 7S GBI,
2000) THREELTHB &, B D DOZL BRI IERR L =R
B ERBNEISEGRLNFSNS (Fig7 B) .EBEEETD
B MIIELD 13 BEX TOXNLTHSH, & (2004) DI
BEBIO—LBTIEESITTIIO S3, L4 At EnTnsg &
fea EO— LD ™MID T 772 DOBETERD 0.36Ma (FF
A, 2019) EENBTEDS, ERADO—LBDR N
I& L4/S4 IBFRHAD S4 iR ESRICEH T HEEZ NS .

5. IXEBFO/RE

EEMEOO—LBOLVWEESIE, FEDELED
L(LR)&ES(EHLE)DBRBRICHLENzCET, £
DEHEREGILETH >fcEEZASNS BELEDLSERD
BRIZSIREZ S G E EBEEMIFSNTWS (Liu etal, 1985;
Kukla, 1987 75 &) . KFHEH (1997) 1L, FEIIDELBD LS
IR DICRIEET T L, S DIEREATH BB TIX
BEBEAMELC, L OFEAEIDOXERICIEBBEENSWNT EZBESH
lIcLTe. &, BE - #2H (1998) (£BEEMMEL S HREM D
R RIEMN O RE & 75 > TV SasBtiidnls, T#1{t
{ERICHESTHRER T X214 MR IANTZA FDIRMIE
DM THBHELTWVS.

UEDESBELID LS BREOFIEDS | BRECT DS
BEF (D) PEDFEIETDBHOEMEL (BBEHIE
W) HBIER(E D ERIC K BMb B a £/l T 5 (LA
BOEWEERICER S NIcEDEEZSNS . 2D LiEs
(2004) OISR/ — LABED YR L RIBIBLE L XI5
BT ELSELEMTESNS (Fig7 ) . I5HE,Fig7 D (b)
DEDIHEIR X TRDZEN D TIBLIER DR & KR
LIcdDEEZSND.

LR, WG EE LTEDNERICRELTWSD, ZDRF
BICHBRBRETE UV ARBORBKENREDHY (BEIEDH,

1985), FRELERZFRELIBARFADEN S TCRES
nicLSEBFIE, PEDELTEFICHLEENTVS (FUEIF
5, 2008).

HATIEERROEEH CRMLX (SHBH) Hds (K
#2000 . LHL, SNIEKRILDBEWAILIKICEREN LS
DT, LS hhEh LIcHB TIEEWL . TDIEHNBEARTHOER
TELTE, ERATIIFRERSNGELD, RILBAPHE
mEARZEE L L EKAG EDREGRBICER LI E
e TEFREL) DRESNTVS (fnFH - ik (1962)
&) . LHL, EFRBLIEZTORPICEEFTHIRDENT
EH5T, FRMROO-LEDOL SGHRRERLLELTD
BEIGEL. IS LI EDSHAEDA-LETIE, Bk
BEIOTHIE—MRECTIEE <, ERMROO—LBORE
THAHORMEDN DD . T2 THBGELIE, TEEREENE
RROO— LB TEMENTCODMERE , T5H5MRIR
BERBOEMRRICEYT 2FZGZRA L THELELD
5.

6. mREBLTORMIRE

HREPHIOESRE LTDOWDS T (soil) (£, #
KRIBRICL YR - (bF - EMNEERAEZIT 5D, INb
ERIF—E L TT T TIE THBER) EPESN . BEEICHRSK
LIcRBAI T, TIRILERES S, IR IO EY B e
T25 1B ELTHEEL, ©HT THHIE] Lo TE
BENTWL (CTTOHIBIILET, BELBTD S(H
ITE)EULR)EERDG) LI > T, BEORMDERL
BLIEFHIEDT ETHY , ZDEMDEBRICIIHBEZRZDIH
BT TEEMOERNRARTHS . &, Uk, Z+E
DERT T0O0L] LT HXRBIETEMEREZ T T &
ERHET S .

T () FZORETGDLE, &g () £ (o) , #
0 8 (p) RUKRE () OFEROBEHEDLE TH
MEN, ROEANTRIFEN TS (Jenny, 1941).

S=f(cl,orpt, )

fefeL, B (0 13O TNTORIMZEERICHBS
RORBPHEFNEHIBERESEAZ2RT, OT7 77
2—ENEEED . KICRD () 1, [EDCR BT ERD T
H"CH5 .

6.1 U () ERHIc KB TEEHMEL DR
BREEILHEDEL D, Uk (c) DEBERRT 2 EE
Afc . [IBDEWC KV ERENS &I [REELTE] T
b5 FEOER CEEHE) ORFEETEIL, £ (o) 2R
ELTDORRERITENIG LT, dbmaEdtaR D i & & FEia
MITCIERBREDZABZED REV)UEL] &I, 4t
EDSEARDAETEELERM T CIE BEHFML , B



BERO—LEl

BHSIUNTHNT TDEERFLERM T Clk [HEBEHRM
T, AN FEORAEZEDIEATH N CIE [TR&EBL] H
FNZTNERIN TS (Tablel 1 TR, 1971 =4 - K47,
2005) . COEDICKIRICK > TEBDEGZ DB ETIENT
IiE, RBEINZDEROREE TR LIz 2E L
VERZERIT DT ENAARTHS . COKIEICKERT BT
BEDEM & ZDRBIFIBREECLEROES THY |, TD
RIS BIREZGZIEDD T 77 2—ThHHH (1), &
(p), BHE () hSEETEMA L.
Table.1 Climate-related vegetation zones (Kira, 1971)

and corresponding zonal soils (Saegusa &
Kimura, 2005) of humid regions in and around

Japan.
Climate-Vegetation zone Zonal soils
o E-1E £ F B w L
Arctic tundra Tundra soils
15
Subarctic Pisckible

needle-leaved forest

45
Cool-temperate deciduous

broad-leaved forest T . —

85

Warmth Index

Yellow brown
forest soils

Warm-temperate
broad-leaved forest

=

80

Tropical and

i Red yellow soil
subtropical forest yellow soils

6.2. 17 () BERIcKS EELT ] DR

R (N ZRHBEOSZRENGLTEDZ A TEERANIC
Fig8 [CY . REDTEIIERITEKD H B HPACIEEE
ENBZH5 , EMUNORER THEITT 5 . B THRNR
I TIIRAKOET B . 5 LIIBRATIFLEIIE
FROFEPER , HDVIE 2 RHEBWMAVEAL , [EREL]
© I2REL] SERENS 1 TR OEMIC K HEAR
& LT e BATERN S Nt 51T, RIS THBR 15
FreHEE Lfc 'EEL ) (Fig8 DEFA) THBH I LN
B EGS . ERMAOO— LB, ffZICIE T
PIRERE LI 2Hh 5 [TFEEL ] OFMREICH T, 15
wmAE] DERICES LT,

6.3. 841 (p) IckB TLREL] DR

BADEM EORMBOEEIFA—LELTHS (Figs) .

—LELO/MOERIZEY (KELROLEEME) |
EREDSDEEE (HIETY) |, BEEANUHDSDNILKTH
% .o LIicBMoERZRFDOBADO— LB LIZAILKD
BADD D EEF-ELTVS . ZONLKDEAICE L

TIEFHERA LD R LTI, MDA TAILIRD 100%DE
Mot DALkt ERpENT. ESALKD 50%
W EHS 100%FEE NMLRKEL] ERaENTD, 50%

CRONZBIREER | TOERF EEARE 59

Smoller Amount of uplift Greater

s.: soils Lower Potential slope erosion Higher

Steep slope s.
+
Subsid Gentle slope s.
Flat plane s. Hﬂﬁi
FiEm+ x ;
Low plane s. L )
{E i#h + Loamy soil mixed brectia s.
Graved mixed loarmy 5. Morintain srea
Loamy s.
y Hill area

Wk Platform

(Terrace)
Sea Low plain

Fig.8 Soil classification based on topographic conditions.
Soil types within the rectangle represent
environments suitable for the formation of striped
coloration soils.

FBOBMOXDAIEARETCHY , MEEGHOE T [O—LE
T EEnTuwe GEEElEh, 2019) .

FRER - BREEiis DR T BOO— ABE LI L, $57k (1995)
IXZDEM (B8 ORRE (1) —Xe9EEAHEREY, 2)
NOBLH S DEMHO S DRE, 3) IENLERIH SO
EE, (4) KBERRDLBEAME, IChdE L, (1) IEET5IC(1)
aEAMUTEE L KRG ARRE &) Z 7 2V Ek
lIckUsesEnNzc77> (AT, K-Ah) , (Db aafEkbl
DERELTINBEET TS (51979 FE DML DK
SEBRITLBENGEE) KX L. TOXS /ML 5
ZO0-LBIXHABES AEBICGHERBRLIEZES (812772
DETIEEFREV) EZIHOFET —ZITEDVTHESH
lcLfz (Fig9) .

COREOAO—LBLEOESIENUK () DETELT BH,
ZDERKIE ()b Th5 . BAEHLEMEREEE 1 m LY
ToO—LBEIF Ma+ B)+ @) THBH, 1 mEBATH
2m F T, MURDEIEIE 50%R8 T, IEEHEHh 5D+
FC Y CRBEERMEE) & KBEHDS DL EAME (H L, 5,
1990) BEMERELD . LIcHAD T, 2 mRBDBFROO— LA
Gtk L AB (loessial soils)] & LTEDTES . fibl,
2m LU EDZBFATIE NI D 50% L EDRFHER & 55D
T, =EEH (2019)@[ 0% BEBE L C ALK E £ (volcanic
ashy soils) J ICXPRENS .

BH, R, EERADRBLICE TBERO—LA) &L
NZO0—-LBEDODEFEH SN, ZOFMERAERELH D
(B O— LAY )IL—2,1965) . @7 IL—7 (1965) D
TSRO — LIE Fig9 @ 2m U EDXEICIZIFNE D .
Thb, ZORT2mICEBEELELIE, ZNULEDEED
BRTEREREARE LTV TIEO— L) ORHREEOR
RICTBEDNTED. THLTRYB L, BRO—LEIEN
RSP E 75 & DFENILD M LR DHEFEZ KT, JLER
ITEEBHN\ &L SXE, A, BEGEEHLSDAILAEN
AlfekUpEL ) E LTHRESNS . £/, mBOw S - 2iE-
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Unit of thickness is in m.
I:l Volcanic ashy soils

KILRE +

Loessial soils

LRE+

Mino Site
~E ﬂ?fri R Y

A : Volcanoes which known ash fall eruptions in the last 50,000 years.

100 km

Az:Azuma, Ad:Adatara, Bn:Babdai, Nm:Numazawa, Ns:Nasu, Nn:Nantai, Ak:Akagi,
Hr:Haruna, As:Asama, Yt:Yatsugatake, Fj:Fuji, Hk:Hakone, Hg:Higashi-izu volcanic
group, Os:Oshima, My:Myoko, Kr:Kurohime, Iz:lizuna, Yy:Yakeyama, Tt:Tateyama,

Yk:Yakedake, Nr:Norikura, On:Ontake.

Fig.9 Thickness of loamy soils deposited over the past 50,000 years in the Kanto and Chubu regions.
Modified from Suzuki (1995). The figure represents the relationship between loam thickness

and volcanic ash content.

R PEE - REARGEDMUKZEEHE LIRS N
BSNLKBLEBEERIENDS . 25 LTEDENSEE - &
R DLIKE L) OREIE TEARO—LE) THY ,
[LABEL] oznd MERINID—LE] ThaI Lz
LTHERL.

BMHONMUKEL THD &, ThICEENZIMEL T2

BICHEL , e TEOBZRRY 2 EIFRES T (R
(DY, 2019) . Ko, MLIKDEAIC & B HERREDIENIE
REDTDHELBERZRET HRIEENDH S . Fig b
SERMAOO—LBEMIEILABLTH S EHFHI
n5H, REMEOERIIO—LBOHERE (18 HEH
D) 1, B (2000) (€% 30mm/1000 £F (1.5m/5 54 )
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EENTWVBHE, LAELXTH ST EHBERENS . fBIR
BOEROBME LT L RABLEDBELGMARGICEDD
ENESBOMEZERFEVD, ERMAD L AELEM
DHFEIITH Y, ALIKEBROIMEDOHENDELS, &
BEOERDEATIBICH O EEZONS .

5H, BMICL 2 HEOX D Z AT UN B MA fe2E i
(RFep) &LT, BEZEDRS Figl0 iRl COKT, %
FERo EEL) io TLABL] €T, EEtaon—
LETOBMERICET TRMESN S TBX D ZTRY .

Volcanic ash s
SRS T \{ul:arn&iﬂw s
i KT+
Aeolian s. Loamy s. L
BAEE A—-LHL Loessial s.
Transported s. LW+
(allocthonous 5.) || tSSndy £ e #
une sand s,
ot ||| UML) PHL@BEDL)
material Aeolian and Gravel mixed loamy s.
82 # (p) | Subagueaus s. BELDOo-LANE
Residual s. B - kAt Loarmy soil mixed breccia s
(Weathred s.) O—LMEELDMEL
{autochtonous 5.)
Muddy s. B+
MWL (BEL) | Subsqueoss [Csamys BRT
(Biiete L) = ;:I'Iéiwi“‘ Gravely s. g +
=3h W + Peatys. EBEHEL
|__ Collapse s,
it
|__ Glacial =.
AL

Fig.10 General soil classifications related to parent
material. Soil classifications within the rectangle
have the condition for the formation of the
striped coloration soils.

6 .4.850 ( t ) BERICEKD THIBEHERE | DRR

B (1) I ESCDHBERDETCDT 7 7 2 —IHEBT 5 .
COR, 84 (p) HIRMMD AEL] THa L, RLE
FEEORB S EBICRILERGEICKY ABCEGEDLE
BEMIITEAENSD, KEL (ARB) ORM - EEANY
REND TEOHRISEL GV MO0 — LB LIFH]
DL DICHEBE TR EBLOBM THDE LD S,
B () [SRMLEOMERE, I505 , [LE#RER ) DR e
LTIERY 3. bbb, TOAAZXALIFHERERICESN
T, EELEB O IO A RETIEEEFRZRIT O DO%
DEEZBLUTCHIGHHEL LGS EEBIT, TDTAIC
BEODEET (HtL) ZBOMRELLLIEICHS . D
T ENEERE () DB TERNICC WIREN, TIEHRE
ELTO MgREEL) iERENT.

7. EfEtREIKEREHRE
BTN e 2 BEMOER & DRED ) TR SR DG
REBLTOERZL DD L, BREELBOERIE THH
B, FEEEmLE ], TV REL ] O 3EDEADREET
TEREBICHOT, D ODZTNHOFHE LIcT &I BEDTH
% (Fig.11).
ERMAOO—LBOBKREBTOREMRIZ EEDEEY

Flat plane s. Loessial s.
(Parent material)

(Climate)

RFEL
(&12)

s.:soils

Formation of striped coloration soils
BREELORER

Fig.11 Conceptual model of environments necessary
for the formation of the striped coloration soils
include the development of zonal soils that
reflect the climate, loessial soils as the parent
material, flat plain soils in terms of topography,
and the passage of time required for stratification
of depositional soils.

BREIND, D0 EXp LTeR EMOEBLIL, ZNLITD
BBETEEXBLTELS . Thabs, REMBIFEKEDH
BICHEEL, TEBEAKROMTIETCHSG5E, RELR
BROIET TR EN2BBHMLTHS. LHL, TN
EEEORBLTHSI ORI EHEREINTNS . (B
BE LD S0 IciEy aRy LI LT TREL Hds
EWS (AR, 2007)) . 7 ORY X ORMEAEIFHEXADEFBEE -
Wt E T CTaBER DR F CH SRR D O — LE
ToBMO—&ICmbY , BigziEks L TEBLLTVSE
DTH3 (LFH,19%) . bLaHfERIIO—LBORLT
BlE% < DESGESDIBEL TCEH Y , ZTHLIFEED
MEEEBREEAHELTWS . LIichA> T, RBHEDZ O
N7 TDOBISEERICKZHFEETICEDEBTIFEL.
DT &L, B Jenny(1941) D TIBF R D EATITE
(o) ZEREWFRNC, () DFMENICE b (h) ERZEAN, A
EHNTEBERICEERS X, Bt ESE [3EH L E]
TR BN ThHBHT @R LTHERL.

FEHD

ERIA—LEBDODERAMOERE RIS, KNMEBORKDOE
BHREEICCIBENDEDT, HEREER] LA TR
s Lie (Figl)  E@, I CIEBEWN 1 ROEEZHR
WRICT D LIFBEVD, BRHSDEERDICMA , XE
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SEHTCIERBLEEWNVBIREEICEL , &Bohic L 25 EHhIE
D EREEHT .

BREEIEZEEO L [[RWEEE &, B0Rd& 5 [T
WEBS] ICXDENE . BOMDBEEE, HENEEHDL
S5TIEEL, A ERSET MBI 2. BoNfcE®
iR ISR BEm A B AVRARDERBTDEERIRD
1 RRIGEBIENEFINDG . BEEOBRBAIFERNEEBEDR
SoE FraAMUKERZE S IL—,1981) & DNt A BEREIC
L7z (Fig6) DA T, BEXEBLEEEELODERBR EMEL
fe. 25 LTESNEEEID—LBDEBREEICEL T
LIRlcxEdons.

1. MeREBIE TEWEB®] TR0 rNEE®]
ICXOEhfc. [RVWEfEEIFBEX S CIEEEER] (D)
CTEBE®IB) L, ZNEN3HT D6 KaENnsk.
FOEBTHIIBEAIT CEBHEEZE (I OITHX A E
niz (Fig.s).

2. TEVEER] ET7720FEREBVTELEBDL S
BRICHEE Lz ZOER, BIFELBD LIC, D IFE
TEOSIcENENHIST S (Fig7) .

3.EREERIF, ELTRO LS BEAKRICER I NS
TB5E5IE, EZHICLITEEEDEEA ML
febDEEZENS .

4. FNEET ] ZRIFT HEBMHEISEFRMAERAT—
¥ (MIS) DA—TITHISY BEleEED B S (Fig.7) .
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A Study of Bipolarreduction in the Early Paleolithic Stone
Tools from the Hoshino Site,Tochigi Prefecture

MR
RALKRFHEE A MR

Toshio Yanagida
THE TOHOKU UNIVERSITY MUSEUM

Abstract: The Hoshino Site, located in the southern foothills of the Ashio Mountains, is thought to
be a place where ancient humans brought in chert-based raw materials and produced and discarded
tools for hunting, animal butchering, and cooking. The site is divided into lower and upper cultural
layers by the Akagi-Kanuma Pumice Formation (Ag-KP (4.2 ka)), showing significant differences
between them.

The lower cultural layers (Layers 5-13)comprise a stone tool assemblage dominated by choppers
and medium-to-small scrapers worked on the periphery, lacking bifacial worked stone tools.
Stone tool production employed “bipolar reduction” and “freehand flaking” techniques. These
assemblages resemble small-sized stone tool groups prevalent in Northeast Asia prior to the
emergence of stone blade technology.

The upper cultural layer group (Layer 4) consists of knife-shaped stone tools with worked bases,
trapezoidal stone tools, scrapers, notches, and other items. It also produced highly standardized,
elongated flakes. This is a Late Paleolithic stone tool assemblage from the early phase, where
the presence of stone blade techniques with underdeveloped adjustment technology can be
confirmed At the Hoshino Site, one can observe the introduction of stone blade techniques into
flake production based on bipolar reduction. This site represents a transitional phase showing a
significant leap from the Early to Late Paleolithic in the Japanese archipelago.

| . IEC&IC BT\ LITRDWV e, BHT, B 7 REKGET MR
DS E [MERFHE | RORENEZE DARE. HAE
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COLUMNAR SECTION OF THE HOSHINO STRATA AND INDUSTRIES

! INITIAL JOMON POTTERY

R

Cultural Horlson

Earliest Jomon potiery
(C. 7000 years B.F}

#1 S

tanged point, flakes

C“““f»'l {C. 12000 yesrs B.P))
Horizon 1
fke @y e
&2 e chappag ol
Cultursl fluke-points
Horizon 2 flakes
chappers
chopping-toals
P proto-hard-axen
83 LR ¥ifacial pointa
Cuhur‘ll flake-points
Horizon 3 serapers, buriss
. bammer stones
(redeposited) flakes, cores

PUMICE X
S5

¥ib

5 4 {LE
Cultural
Horizon 4

32,000 £ 4,000

31,000 £ 8,000

choppers
chopping-toals
cores, flakes
flake-points
hammer stones

e

- e, » = 5 (VRS pebble-pointa
; @_ B @ i& oK S fake-poiots
4 /,' - . y i, OOOHojr:izol:‘ s, 500 scrapers
S A 42,000 % 9 000:
¢ @ Q e "F5 6 % (kg choppars
Vs ’ v % { 'fﬁ Cultursl fake-poists
4 H " " » YOS , Horizon 6 burics, sceapers
e ' x 2 x »_x 56,000 £ 11,00
5 s 53,000 + 9,00
s 0y 7 AR pebble-poinis
PUMICE @ @ Cultural choppers.
L3 “ “ Horison 7 fiakd-poiats
PUMICE
6- e
At o b choppere
FUMICE | 55 8 XL proobasdases
Cuhur_nl pebble-points
Yig Horizon 8 flake-points
acrapers
ith
7- Vi
i o e Yaval 284 choppers
il g nhfil{ trE :rox:‘mt{-uu
f crapers
8 ik Horizon § fiake-points
N Yl
PUMICE
Yia :)?’: 103’5 ﬂ:@ choppingtools
Cultural scrapers
9 hid Horizon 10 cores
m e
B chovpars
{ ted) Cultural pebble-points
unexcavate Hotison 11 fiake.poiats
°q SCrapers

l

¢ ulle — & RHILIFDRIRE

BS5M YRYDLBABASEFROESEE (B2 -
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Abstract: The Araya site in Niigata Prefecture is the first location on Honshu where a microblade
industry with northern origins was identified. It is now designated a National Historic Site. The initial
1958 excavation uncovered many Araya-type burins, which are also found in Hokkaido, establishing
the site as a reference point for this industry. Araya-type burins were distributed in Sakhalin and
other regions of Northeast Asia. However, the report from the first excavation phase at Araya has
not been published, so the complete details remain unknown. Notably, materials held by the late
Professor emeritus Chosuke Serizawa were not disclosed or exhibited until their deposit at Tohoku
University. This paper presents the full details of artifacts from the first excavation phase at Araya,
as preserved in the Serizawa Collection. These findings provide reference materials and support
various analyses of materials from the second and third excavations, enabling a comprehensive

evaluation of the Araya site.

1. Introduction

The Araya site in Niigata Prefecture was discovered
in 1957, and Prof. Chosuke Serizawa conducted the
first excavation in 1958. The site is in Kawaguchi Town,
Kitauonuma District, Niigata Prefecture (now Nagaoka City)
at 37 degrees 16 seconds north latitude and 138 degrees
52 seconds east longitude. It lies on a river terrace between
the Uono River and the Shinano River (Fig. 1-1), about 15 m
above the current riverbed. The excavation recovered about
400 stone tools called "Araya-type burins," characterized by
a burin facet removed from the left shoulder after secondary
processing along the entire dorsal and lateral edges. At
that time, this burin type had only been found in Hokkaido,
indicating a northern origin (Serizawa 1959).

Excavations at the Araya site in 1988 and 1989
uncovered 24 features, including one pit dwelling-like
structure, two burnt earth pits, and one pit approximately
1 meter deep (Fig. 1-2) (Serizawa and Suto, eds., 2003).
Researchers excavated 92,451 lithic artifacts, including
5,590 microblades, 626 burins, 8,365 burin spalls, and 11
microblade cores. Large quantities of charcoal were also
found. Radiocarbon dates from the charcoal ranged from
13,690 + 80 BP to 14,250 + 105 BP (N = 15), confirming that
the site dates to the end of the Pleistocene, at the end of the

Late Paleolithic period. The Yubetsu and Horoka techniques
used to manufacture the microblades are recognized as
having northern origins.

In 2002, the Kawaguchi Town Board of Education
conducted a survey of the Araya site and found that artifacts
were distributed over an area of 200 square meters (Sawada
and Toumi 2002). Because of its significance, the site was
designated a National Historic Site in 2004.

The Araya site contains one of the largest collections
of northern-origin microblade industry in Honshu, but only
part of the first excavation materials has been published
(Serizawa 1959; lida and Anbiru 2014). The first excavation
materials serve as references for the Araya-type burin, which
includes three main types (Serizawa 1959). Microblades
from the site also show distinctive secondary processing.
However, because the specific details of these processing
methods are unclear, the validity of the classification criteria
cannot be assessed. A reevaluation of these materials from
a contemporary perspective is needed, using comparisons
with later accumulated materials. To address these
issues, this paper presents an overview of the Chosuke
Serizawa Collection, which consists of materials from the
first excavation of the Araya site and is housed at Tohoku
University.
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3
Fig.1 Photos of the first term excavation at the Araya site in 1958.
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2. First term excavation materials: Contents of the
Serizawa collection

The collection consists of 92 microblades, 2 microblade
cores, 2 first spalls, 15 burins, 1 burin blank, 1 drill, 2 end
scrapers, and 1 end blade, totaling 116 items (Tab. 1). All
lithic artifacts are made of siliceous shale. Because the
collection does not include flakes or fragments, researchers
believe that only the main types of implements were
selected.

3. Microblade production techniques and stone
tool shape

Two microblade production techniques have been
identified at the Araya site (Tab. 2). The first is the Horoka

technique. Specimen No. 1504 (Figs. 2, 7) has a weathered
platform and a weathered surface on the opposite side,
indicating that the blank was likely a cobble or flake with
multiple weathered surfaces. The opposite side of the
platform (the bottom of the boat) was first peeled and
shaped, followed by fine processing of the platform’s
side edges to match the boat shape. A microblade-
removal surface was then created at one end, allowing for
microblade production. The angle between the platform and
the microblade-removal surface is 85 degrees.

The second technique is the Yubetsu technique, confirmed
by the presence of two first spalls. At the Araya site, the main
peeling surface is often angled relative to the final platform,
as seen in first spall No. 1221 (Figs. 2, 8). Specimen
No. 1501 (Figs. 2, 7) is a Sakkotsu type microblade core
produced using the Yubetsu technique, possibly made from

Tab.1 Lithic assemblage of Serizawa collection at the Araya site

x£1 REEYW (FRIOLYY3Y) OREMK

=i Had HMEIZ I7-ARAE -0 | BERITDRRER | IV 2904 - | RERIDBER | FUL | vV 7 Vb | 5
tool type | microblade | microblade core | first spall burin end scraper | burin blank | drill | end blade™ | total

=3

R 92 2 2 15 2 1 1 1 116
number
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Tab.2 Attributes of microblade cores and spalls
x£2 MEIREAR—IVOBMN

ENES s BBz RE 15 B ]

artifact remaining | length | width |thickness | weight
tool type

no. parts (mm) | (mm) | (mm) (8)
1501 MC 5efZ 57.7| 23.2 27.2| 38.36
1504 MC R 84.3| 25.9 29.8| 62.56
1221 FS AR 67.5( 145 27.2| 21.65
1678 FS B 88.3| 16.2 28.0| 30.49

a first spall. This reuse of first spalls is also characteristic
of the Araya site. The microblade core was shaped on both
sides by processing from the bottom edge, with detailed
shaping on only one side from the platform to achieve a boat
shape. A microblade-removal surface is present at one end,
and the angle between the top surface and the microblade-
removal surface is 75 degrees.

Of the microblades in the Serizawa collection, 67.4% (62
pieces) are intact, indicating that intact microblades were
selected and extracted (Tab. 4, Figs. 5, 6, 11, 12). Intact

Tab.3 Attributes of lithic tools
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microblades average 25.07 mm in length, 5.88 mm in width,
1.4 mm in thickness, and 0.25 g in weight. In comparison,
microblades from the second and third excavations average
19.8 mm in length, 5.6 mm in width, 1.1 mm in thickness,
and 0.17 g in weight, showing that larger microblades were
extracted during the first excavation.

Additionally, 57.6% (53 pieces) of the Serizawa collection
microblades have secondary processing. Of these, 30.4%
(28 pieces) have secondary processing on the right edge
of the dorsal surface and the tip of the right edge of the
ventral surface (Type A in Serizawa and Suto eds. 2003),
while 17.4% (16 pieces) have secondary processing only on
the right edge of the dorsal surface (Type B). In the second
and third excavation materials, 33.4% of microblades have
secondary processing, with 7.1% as Type A (24% of which
have only the tip processed) and 16.9% as Type B. These
results indicate that the Serizawa collection microblades
were selected for secondary processing, with Type A being
the most common.

Slightly elongated flakes served as tool blanks, with dorsal
surfaces removed from all four sides (Tab. 3, Figs. 3, 4, 8, 9).

*3 byv—ILDEHS
anEs| BE . gs | @ |5 ms |_ | 3a | um |#vsva ‘
artifact | tool remaif‘::” e |teneth | width th;:'s‘" weight r:tffszﬁi edge | utilized | %47 S:ﬁ:fn

no. type Ep (mm) | (mm) (mm) (® P angle | edge |[polishtype

7 BR SEF intact 41.0 25.2 3.9 6.90 1A 109 FVv D1 B vertical
261 BR SEH intact 47.8 21.9 7.2 7.36 1A 106 FV D1 BEX vertical
283 BR SEf intact 49.6 26.0 4.7 8.27 1A 90 Fv D1—E2 EX vertical
1195 BR Sef intact 50.6 24.9 5.7 6.53 2B 128 FVv E2 BEX vertical
1205 BR SEf intact 47.7 20.3 3.2 4.19 2A 70 Fv D1F1 #4T diagonal
1377 BR SEf intact 42.8 25.2 51 6.44 1A 70 FVv E2 BEXR vertical
1481 BR 5ef intact 37.4 22.3 4.3 5.63 1A 107 -
1491 BR SEF intact 51.2 26.4 7.1 8.45 2A 56 % D1 4T parallel
1623 BR eI intact 55.6 225 5.1 6.47 2A 121 FVv E2 EX vertical
1637 BR SEf intact 39.2 21.8 4.0 3.53 2A 92 -
1685 BR 5Ef intact 39.0 22.0 7.4 6.50 2A 78 FV ABA unclear | B vertical
1714 BR SEf intact 52.0 24.4 7.3 10.24 2A 116 Fv D1 EX vertical
292 BR | ##& /X base missing 34.0 34.4 4.5 7.21 3 88 FV D2 “RBf unclear
1373 BR EEBR base missing 25.1 23.6 6.8 4.08 3 119 -
670 BR FEUm R tip missing 49.3 26.1 3.5 4.09 2A -
BRP1 BR-P SEI intact 58.4 20.6 4.1 5.23 -
DR1 DR Sef intact 41.7 11.6 3.6 2.59 DT DlorB B unclear
302 EB SEf intact 24.5 11.4 2.4 0.53 VT D1?
673 ES SEf intact 52.9 28.5 6.9 12.62 57 DD “REf unclear | B vertical
1383 ES | &#X base missing| 38.1 29.2 5.3 6.06 | Kakuniyama 69 SE | 7<BA unclear| EZ vertical

BR=burin, BZZI DA 2%

ES=end scraper, T~ KX L A /38—
DR=Drill, FU L

ED=end blade, T~ K7L 4 F

FV=the edge between burin facet and ventaral surface
VT=tip of ventaral surface
DT=tip of doral surface
SE=side edge
DD=distal end of dorsal surface
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This suggests that the flakes were primarily produced during
the bifacial removal process. Burins are the only stone tools
found in significant numbers. Complete burins average 46.2
mm in length, 23.6 mm in width, 5.4 mm in thickness, and
6.7 g in weight. The average angle between the burin facet
and the ventral surface, measured near the center, is 96.4
degrees. For secondary processing, Type 2A (Serizawa and
Suto eds. 2003) is most common, accounting for 46.7%
(7 items), followed by Type 1A at 33.3% (5 items), Type 3
at 13.3% (2 items), and Type 2B at 6.7% (1 item). Among
artifacts from the second and third excavations, Type 1A
accounts for 58.1%, Type 2A for 3.5%, and Type 3 for 0.6%,
indicating that the Serizawa Collection contains a higher
proportion of Types 2A and 3. Because Type 2A in this paper
refers to the second form established by Serizawa, and Type
3 refers to the third form established by Serizawa (1959),
it is likely that this collection was used as the standard for
defining the characteristic types of Araya burins.

There are two end scrapers (Figs. 4, 8), both of which
show secondary processing around the entire circumference
of their dorsal surfaces. The secondary processing at the
end of the dorsal surface extends further inward, and the
average cutting angle between the secondary processing
and the ventral surface is 63 degrees. One scraper is a
"Kakuniyama-type end scraper" (Kato 1970). Although
few end scrapers have been found and not all have
been identified, the presence of this tool indicates that
Kakuniyama-type end scrapers were already present in
materials from the first excavation of the Araya site.

4. Use-wear analysis of lithic tools

(1) Method

Use-wear analysis was conducted with an Olympus
BX51M metallurgical microscope using epi-illumination
at 100x, 200x, and 500x magnifications. The analyzed
objects were made of shale. Use-wear polish was classified
according to criteria established by the Tohoku University
Use-wear Research Team (Kajiwara and Akoshima 1981)
and the author's use-wear overlap experiments (Kanomata
2002). Striation direction was recorded as "parallel, oblique,
or vertical" based on inclination relative to adjacent edges.
Microscopic photographs were captured with a USB camera.

(2) Burins

Use traces on burins are primarily found on the edge
formed by the burin facet and the ventral surface. In this
context, “the blade” refers to this specific edge.

The blade of No. 7 shows a D1-type polish with visible
vertical striations (Figs. 13-1, 13-2). The right edge of the
ventral surface displays greasy and patchy sheens; however,
significant post-depositional surface changes make it difficult
to determine if these are use-wear traces.

No. 261 also has a D1-type polish and vertical striations
on the blade (Figs. 13-3, 13-4). The blade of No. 283
exhibits a D1-type polish and vertical striations (Fig. 13-8),
while the facet and upper edge of the ventral surface show
E2-type polish and orthogonal striations, which appear to
remove the polish (Figs. 13-5-13-7). It is believed that after
carving bone or antler with the blade, dry hide was scraped
near the secondary processing edge at the upper end.

E2-type polish and vertical striations can be seen on the
blade of No. 1377 (Figs. 13-9, 13-10).

No. 1205 shows a strong embedded luster overall,
with small glossy areas visible on the blade and tip,
corresponding to the D1-type (Fig. 14-1). The striations run
obliquely to the edge (Fig. 14-2). A polish identified as F1-
type is also present on the tip of the burin facet (Fig. 14-3).
These use traces indicate that the burin was used to carve
bone or antler. The luster is limited in size and distributed
along the edge, suggesting that the burin facet was renewed
through blade regeneration. Wear along the ridges of the
adjustment retouch area varies, with the right ridge showing
more wear than the left. These observations suggest that
No. 1205 was likely held with the right half in the hand,
and the difference in wear may result from contact with the
fingers during use.

No. 1373 shows no clear use-wear. Wear is present in the
middle of the dorsal ridge, and diagonal striations are visible
(Fig. 14-4).

No. 1623 exhibits strong PDSM (post depositional surface
modification) overall. The blade is heavily worn, with E2-type
polish at the tip (Fig. 14-5). Striations perpendicular to the
edge are also present (Fig. 14-6). These use traces indicate
that it was used for scraping dry hide. The dorsal main
ridge shows developed wear near the base, but no traces
associated with patterning are observed.

No. 1685 also has strong PDSM overall. Microscopic
examination shows that the blade is relatively sharp, with
small areas of possible use polish along the edge, but
the polish type cannot be identified (Fig. 14-7). Striations
perpendicular to the edge are present at the tip of the ventral
surface (Fig. 14-8). Wear is visible on the dorsal ridge, but
there is no evidence of patterning or other activities.

No. 292 shows an E2-type polish and striations running
perpendicular to the edge (Fig. 14-9). Microblading is also
present on the blade (Fig. 14-10). These use traces indicate
that the blade was used for dry hide scraping.

No. 1195 displays a polish along the blade that appears
to be E2-type (Fig. 15-1), with striations perpendicular to the
edge (Fig. 15-2). Wear traces and microflaking are visible
on the dorsal ridge, but no evidence reliably links these to
handle attachment.

No. 1491 has modern cracks visible in the center of the
blade. A D1-type polish is observed on the ventral side (Fig.



Research on the Prof. Chosuke Serizawa Collection from the First Term Excavation at the Araya Site in Niigata Prefecture

Tab.4 Attributes of microblades

x4 HEADREME

mnEs|wE | R: | W | Bx | Es | :ggl moEs|wE | Rx | 6 | B | mE | :;5;{;;1
artifact | tool | length | width | thickness |weight artifact | tool | length | width | thickness [weight
no. |type| (mm) | (mm) (mm) ® burnt | retouch no. |type| (mm) | (mm) (mm) © bumt | retouch

type type

78 MB 18.0 4.7 10| 012| © A 965 MB 21.0 5.1 10| 015| 0 B
86 MB 21.2 6.1 18| 019 1 0 966 MB 17.7 5.2 10| 0.08| 0 A
97 MB 21.8 6.3 17 0.32 0 0 968 MB 20.0 55 14 0.17 0 A
113 MB 25.1 5.6 15| 025| 0 B 986 MB 19.9 5.6 13| 019 1 B
117 MB 244 6.8 17| 032| 0 0 988 MB 216 4.6 11| 011| © A
119 MB 20.8 5.8 13| 020 O A 989 MB 21.2 75 13| 029 o0 0
120 MB 31.6 6.7 17 0.46 0 z 1009 MB 22.0 6.6 12 0.27 0 0
121 MB 29.7 5.9 18 0.28 0 B 1138 MB 23.4 5.1 11 0.16 0 A
122 MB 26.5 5.6 15| 026 0 z 1143 | MB 213 4.3 08| 010 0 0
134 mMB 19.8 6.0 12| 019 0 A 1147 | MB 20.1 43 18| 016 0 A
135 MB 23.7 6.1 18| 030 0 A 1150 | MB 26.1 8.1 17| 049( 0 0
139 MB 21.0 7.2 15 0.31 0 0 1223 MB 25.9 8.1 1.6 0.38 0 0
140 MB 26.2 6.0 15 0.24 0 0 1227 MB 26.9 6.9 2.0 0.40 0 0
142 MB 27.0 6.0 21| o040| O z 1228 | MB 253 5.1 13| 016 0 A
143 MB 20.2 4.6 12| 013 0 B 1232 | MB 19.2 5.0 13| 014 o0 A
144 MB 20.6 4.8 12| 015 0 B 1247 | MB 285 5.3 12| 021 o0 A
146 MB 24.2 6.1 2.6 0.42 0 0 1258 MB 29.5 4.4 0.8 0.13 0 A
224 MB 279 74 17 0.39 1 E 1396 MB 29.5 7.0 2.6 0.51 0 0
339 MB 20.2 5.6 15| 027 O 0 1397 | MB 24.0 5.7 17| 024| © 0
345 MB 325 5.0 14| 034| 0 z 1400 | MB 214 5.3 11| 013| © A
357 MB 29.7 6.3 13| 031| 0 A 1402 | MB 285 5.8 12| 026| O A
358 MB 30.4 5.5 13 0.27 0 B 1407 MB 214 5.7 13 0.16 0 0
359 MB 233 6.4 14 0.21 0 B 1424 MB 184 5.1 11 0.13 0 0
375 MB 215 6.4 21| 034 0 B 1509 | MB 216 6.5 20( 030 0 B
376 MB 33 6.1 15| 028| O B 1513 | MB 253 5.2 13| 023| 0 A
377 MB 236 6.2 12| 021 O 0 1518 | MB 18.6 5.2 10| 010| O 0
511 MB 23.0 6.0 1.6 0.31 0 0 1521 MB 18.1 6.6 15 0.20 0 B
512 MB 21.0 5.1 13 0.18 0 C 1610 MB 21.7 5.9 1.0 0.20 0 0
516 MB 29.3 6.4 16| 036 0 A 1707 | MB 35.1 75 13| 041 0 0
520 MB 326 5.6 22| 039 0 0 1749 | MB 24.1 6.4 18| 025| 0 B
528 MB 23.2 6.3 11| 023 0 A 1755 | MB 225 8.2 12| 031 o0 0
542 MB 21.0 6.6 1.0 0.20 0 4 1788 MB 21.0 5.2 1.0 0.15 0 A
543 mMB 225 5.7 11 0.19 0 0 1790 MB 27.1 5.8 14 0.30 0 A
545 MB 20.2 4.0 12| 011 0 A 1792 | MB 19.9 6.7 15| 019 0 0
677 MB 245 6.8 13| 029( 0 0 1794 | MB 20.4 5.0 12| 012 1 B
688 MB 33.7 6.2 1.6 0.38 0 0 1814 MB 29.2 6.4 1.7 0.37 0 0
702 mMB 29.0 8.3 17 0.44 0 0 1815 MB 285 5.3 1.0 0.25 0 A
709 MB 25.0 7.2 22| 045| 0 0 1816 | MB 26.1 6.2 14| 030| 0 A
721 MB 25.2 6.3 18| 032| 0 0 1817 | MB 232 6.0 11| 023| © A
723 MB 322 5.8 18| 041| © A 1818 | MB 238 4.8 10| 013| © 0
739 MB 221 49 16| 018| 0 B 1821 | MB 19.0 6.2 12| 015| 0 B
927 mMB 341 8.0 1.6 0.50 0 0 1841 MB 24.0 6.0 11 0.19 0 0
932 MB 215 5.1 1.2 0.16 1 0 1842 MB 29.2 7.2 1.8 0.46 0 0
939 MB 20.4 6.5 13| 025| 0 z 1843 | MB 320 5.2 12| 026| 0 A
952 MB 34.2 55 18| 043| 0 E 2058 | MB 20.2 45 12| 013| 0 0
955 MB 219 4.6 13 0.15 0 A 3273 MB 215 3.6 1.0 0.11 1 0
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Fig.2 Lithic artifacts at the Araya site in 1958.
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Fig.3 Lithic artifacts at the Araya site in 1958.
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Fig.4 Lithic artifacts at the Araya site in 1958.
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Fig.5 Microblades at the Araya site in 1958.
5 FEEH (1958 %) HMAXN




Yoshitaka KANOMATA, Yunxiao ZHAO, Yaroslava R. AFANASEVA

1147

Fig.6 Microblades at the Araya site in 1958.
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Fig.7 Lithic artifacts at the Araya site in 1958.
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Fig.8 Lithic artifacts at the Araya site in 1958.
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Fig.9 Burins at the Araya site in 1958.
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15-3). Numerous striations parallel to the blade are present
(Fig. 15-5), along with one diagonal striation (Fig. 15-4).
Wear traces and microflaking are visible on the dorsal ridge,
but there is no evidence reliably linked to handle attachment
or similar activities. Based on these use traces, this burin
was likely used primarily for cutting bone or antlers. The
blade is exceptionally sharp, with an angle of 56 degrees.

No. 1714 shows heavy wear across the entire blade,
with microflaking present. A small area of polish, possibly
corresponding to the D1-type (Fig. 15-6), is also identified.
Striations appear perpendicular to the edge (Fig. 15-
7). Based on these use-wear traces, it is presumed that
this burin was used for carving bone and/or antlers. Wear
and microflaking are visible on several dorsal ridges, and
diagonal striations are present in the center of the main
ridge (Fig. 15-8). These traces may relate to the handle.

No. 670 exhibits somewhat strong PDSM overall. No
evidence of use, such as polish or wear, was found on
the edges of the broken surface, and the microflaking at
the bottom of the right-hand broken surface is considered
modern galling.

(3) Drill

AY-DR1 has flat patches and shiny spots scattered around
its tip (Figs. 15-9, 15-10). The striations are unclear. Metal
contact traces are visible around the periphery, indicating
that these marks likely resulted from excavation rather than
use.

(4) End scraper

No. 673 shows striations perpendicular to the edge along
the ridge of the adjustment retouch at the dorsal tip (Fig.
16-1). A strong PDSM is visible on the ventral surface, but
no clear use polish is present. Striations diagonal to the
edge are visible at the tip (Fig. 16-2). Although the specific
material worked cannot be identified, it is highly likely that
this tool was used on dry or relatively hard objects.

No. 1383 is classified as a "Kakuniyama-type scraper."
Use polish is observed in the center of the right edge of the
ventral surface (type unknown) (Fig. 16-4). Several small
areas of gloss are present along the edges of the trimming
on the dorsal surface (type unknown) (Fig. 16-3). No use
traces were found on the left edge of the ventral surface or
the right edge of the dorsal surface, indicating these are not
hafting traces. A small area of gloss is present at the tip of
the ventral surface, but no use polish was identified. Instead,
several striations parallel to the edge (Fig. 16-6) and
diagonal to the edge (Fig. 16-8) were confirmed. Because
a significant amount of metallic gloss was observed on
the left edge of the tip, the striations in this area require
careful consideration. Additional small areas of gloss (type
unknown) (Fig. 16-5) and striations perpendicular to the

edge were observed along the edges and ridges of the
trimming on the center and left edge of the dorsal surface
(Fig. 16-7). Based on these observations, it is estimated
that the cutting edge and part of the side edge of this end
scraper were used for scraping, but the material worked
cannot be identified.

(5) End blade

The end blade is a small stone tool with a carefully
shaped pointed tip. Flat, smooth, shiny patches appear
along the ridge at the tip of the tool's dorsal surface (Figs.
16-9, 16-10). The overall PDSM is strong, and the striations
are unclear, so it is not possible to confirm that this polish
resulted from use.

(6) Microblade

A use-wear analysis was conducted on 92 microblades.
The microblade surfaces display an overall glossy, polished
microrelief with irregular shiny spots and evidence of contact
with metal objects, indicating post-depositional processes
from their presence in the cultural layer.

The overall PDSM is strong and clearly visible across
the entire collection, which makes it difficult to identify
possible use traces on the blade edges. The analysis
identified contrasting type D1 (bone/wood) traces on only
5 microblades: A-955, A-1147, A-1816, A-113, and A-135
(Fig. 17). On the tips of these microblades, on the ventral
side, D1-type (bone/antler) traces are present, but no such
traces were found on the retouched edges or dorsal sides.
It is possible that active polishes formed on the distal tips
during attachment or contact with a bone or antler handle,
suggesting a specific method of attaching microblades to
handles without subsequent active use of the composite
tool.

Microblade No. 955 shows strong overall PDSM. At the
tip, on the unretouched side, there is a glossy D1-type polish
spot (Fig. 17-1), and the unretouched edge has a sharp
blade with a glossy sheen in the medial part, which may be
"bright spots," a feature of PDSM (Fig. 17-2).

No. 1147 shows strong traces of PDSM across the
entire microrelief surface. The tip of the microblade has a
retouched area on the ventral side that extends onto the
unretouched sharp blade. A small area on the ventral tip
displays type D1 polish, which produces a glossy finish
that rounds the tip and extends slightly onto the dorsal side
(Fig. 17-3). In the distal part of the microblade, where the
ventral retouching ends, a faint polishing gloss appears on
the unretouched blade, differing from the PDSM traces.
However, the type of polish in this area is difficult to identify
(Fig. 17-4).

No. 1816 also displays PDSM traces and sharp blades.
A small area on the tip shows concentrated D1-type polish.
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Fig.13 Use-wear on lithic tool at the Araya site.
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Fig.14 Use-wear on lithic tool at the Araya site.
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Fig.15 Use-wear on lithic tool at the Araya site.
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Fig.16 Use-wear on lithic tool at the Araya site. 10
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Fig.17 Use-wear on lithic tool at the Araya site..
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This highly developed polish is concentrated on the ventral
tip, slightly rounding the blade and extending onto the front
side of the microblade (Fig. 17-5, 17-6).

No. 113 shows type D1 traces on the tip of the microblade.
The polish appears uneven, with a bright, glossy spot on
the ventral side (Fig. 17-7). A glossy sheen with a distinct
boundary is present on the microrelief near the unretouched
edge. This gloss extends from both the ventral and dorsal
sides, and the blade remains relatively sharp. It is unclear
whether this microrelief results from recycling or from PDSM
(Fig. 17-8).

No. 135 displays similar D1-type traces on the tip and
strong PDSM traces across the microrelief (Fig. 17-9, 10).

6. Summary

This paper presents details from the first excavation of
the Araya site in Niigata Prefecture. The findings indicate
that this collection likely served as the reference material for
the Araya-type burins described by Prof. Serizawa (1959).
The assemblage includes two types of microblade cores,
produced using the Yubetsu and Horoka techniques, with
tool blanks made from longitudinal flakes generated during
microblade core production. Each burin type was selected
to represent the Araya site. The end scrapers include
a “Kakuniyama-type.” The selected microblades show
typical secondary processing. Regarding function, burins
were mainly used for scraping bones, antlers, or hides.
Although the microblades display little use-wear, polish that
may indicate handle marks is present. The statistical data

on stone tool production techniques and functions in this
collection align with trends observed in analyses of materials
from the second and third excavations at the Araya site.
The Serizawa Collection, therefore, represents materials
characteristic of the Araya site.
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3-D measurement of stone chamber of Tsukando Tumulus
In Fukuoka Prefecture using SfM method

BER L - B BRI “ - AR &Y
* ALK S RIS

T HUNKZ LB RSB ZERR

Atsushi Fujisawa*, Harumasa Kano*, Yoshinori Tajiri**

*The Tohoku University Museum, **Faculty of Social and Cultural Studies, Kyusyu University

Abstract: Tsukando Tumulus is a keyhole-shaped burial mound measuring 91 meters in length,
located in Ukiha City, Fukuoka Prefecture. Two Stone chambers are constructed within both the
rear circular and front rectangular sections. The mound has been partially destroyed, leaving only
fragments of stone chamber in the rear circular section. Stone chamber in the front rectangular
section remains well-preserved. During a re-survey of the front section stone chamber, 3D
measurements were conducted. This chamber was constructed by stacking slab-like stones. To
record the detailed shape of the stone chamber, measurements were taken using the Structure from

Motion (SfM) method.
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