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The Holocene oyster shellbeds along the eastern coast of Pashukurutou Lagoons facing the Pacific
coast of eastern Hokkaido

We conducted a trenching survey to clarify the formative processes of the Holocene oyster shellbeds along the
eastern coast of the Pashukurutou Lagoon, located in the south of the Shiranuka Hills on the Pacific coast of eastern
Hokkaido, northeastern Japan. The result suggests that the oyster reefs may have formed at about 7400 cal BP and
continued growing until 5600 cal BP. At least five destructive processes seems to have occurred during the 1800
years of their existence, such as strong and high waves including tsunami flows generated at the Kuril subduction
zone. The water in the left of the photo is the Pashukurutou Lagoon, which was an inner bay during the Jomon
marine transgression. The marsh covers the area of the ancient inner bay around the lagoon. The mountains in far
distance are the Shiranuka Hills.

(Photograph and Caption by NANAYAMA Futoshi)
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KRB A N FORELEZVIR L Z (T -H X HEEOBE & ETETE
iEEREE, BEFRBICH T D Crassostrea gigas {EAZRERE P

il X"k FBCAEE RES#LU FES H ELTFS
IS Bk BF EZC-HI BEX-AHF OEZ”

NANAYAMA Futoshi, ANDO Hisao, KONDO Yasuo, YOKOYAMA Yoshiharu, NAKATA Akiko,
SASAJIMA Yui, SHIGENO Kiyoyuki, FURUKAWA Ryuta and ISHII Masayuki (2021) Destruction and
restoration processes of fossil oyster reef influenced by repeated large-scale waves: An example of Holocene
Crassostrea gigas shellbeds around Pashukurutou Lagoon, eastern Hokkaido, northeast Japan. Bulletin of the
Geological Survey of Japan, vol. 72 (3), p. 139-171, 14 figs, 2 tables.

Abstract: We tried to clarify the formative processes of the Holocene oyster shellbeds exposed along
the eastern coast of Pashukurutou Lagoon in the southern part of Shiranuka Hills facing the Pacific coast
of eastern Hokkaido, northeastern Japan, on the basis of a) detailed observations of a lake-side outcrop
and five trench wall sections on lithostratigraphy, shellbed morphology and taphonomy, b) molluscan
composition analysis, ¢) AMS "“C dating of shell and wood fragment samples, etc. We summarize the
results as follows: (1) Considering the continuity of lithologic units and the characteristics of their
bounding surfaces, the Holocene strata 4.1 m thick at maximum can be divided into six lithostratigraphic
units, SU-X, SU-A, SU-B, SU-C, SU-D and SU-E; (2) The SU-B constitutes a composite oyster shellbed
2.2 m thick at maximum of interbedded allochthonous (FB-a, ¢, e, g) and three autochthonous (FB-b,
d, f) shellbed units; (3) Oyster reef may have begun to form in the Pashukurutou Lagoon area at about
7400 cal BP, and continued to grow up until 5600 cal BP. At least five destructive processes of these
allochthonous shellbeds such as strong and high waves, possibly including tsunami flows derived from
the Kuril subduction zone, might have occurred during about 1800 years; (4) In the Pashukurutou Lagoon
area, the Holocene sea level existed between 2.1-2.8 m at 5600 cal BP, and had declined by about 2-3 m
to the present. This is presumed to be the influence of seismic uplift around the Sriranuka Hills caused by
a trench-type earthquake in the Kuril subduction zone.

Keywords: fossil oyster reef, shellbed, estuary, Pashukurutou Lagoon, Holocene, taphonomy, eastern
Hokkaido, Kuril subduction zone, Kuril forearc sliver
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FB-g) iRk T& 72, (3) M & FHEMS L 72D
97400 F-R1 2> 5 S600 F-FIIS AT TH D, Z ORI 'J\
< &y 5EIOKRMBIEEIA XY b Ao 72. 7O
& LTE, TR TRMIMNIZREAE L TE 2ERHED
RS B 5. (4) YHIZI W TIE, 5600 4FEHi 12 5E BT
PSR L, Z0%, $2-3 meBRIMET LT
WA, ZHUIANEREE i QR HRA E O -
EZziohb.

1. FU&IC

AL E AR CE ) DFEFHITIE, MIFONBIZAER L
T\ 7=Crassostrea gigas (¥ 7 %) & Tk &4 5 TIHEHE
DftaEPR O, C gigasiZ {ZHTH FHEAEH L T
W ZEERT (ﬁﬁﬁﬂ 7, 1986 ; LY, 1987 ; Maeda e
al., 1992). Z ZIZ&EE N AWEEMLA I IZRAE (=0
MHEIZ 30T i H??z@ 5, 1984)75‘ai7h'fi”5@ A
URE RN I 1 % %@ﬁ@ﬂ}é(ﬁd)ﬁ’%#&ﬁf’
PR E X (R, 1984 5 805, 1988), SE#rittodifF
ARUEZEENIZ A S B O R & KM L 7= ﬂﬂiﬁy%b L
THEH ST E - (1R, 19885 F21, 2010). FIHENT &
P& (1H EIEJIHT) & DBFEFIALE T 2 HIREDOMIREIC
BT 2LAC. gigasBHIE S Z D &5 st aRFELLE
D—2Tah 1 (i, 1978), KRB AKBEAR R 2
AN AE GO I ENEEH I N TS B 1Xa). Z
DAL ZESEREIZE, C. gigas, Macoma incongrua (& X >
J V), Mya arenaria oonogai (X% / #4), Ruditapes
phtltppmarum (73 ))BHEFEL, 7 OMREE LT A5E
WL trﬁﬁﬁ@fﬂﬁiﬁ FUED RS & Bl 5 Z &
B h T2z E, 1982). 2D —K T, Trapezium
liratum (9 % F ¥ b= Y i A4) &5 & DR HEOFLEITIE
KROYIFEMANDWAZREL TH Y, RIKAES CTLLL
DEEE, Tabb, BAEOMGE & RO KRB 2
EINTW (RS, 1982). %72, HIKEOTHHHE
DC. gigasi®H 5 5950 + 95 yr BPD “CHERAEAH 5T
B0, #98000-6000 £ if (F (EHE ) oA S i g1,
BIEDE RO A F 15 (KB, 1971) & ARk A BB T 7
MR ER I N2 &, ZOROHEHSE FBRMELD 34
MW RLEIZE L CO AR AR X Tn 2 (RS,
1982).

W KEEN R, T 59 3 (Kuril Trench / Kuril
subduction zone) IZTfI 9~ % A FJH 5 D M AR O £ F b
WThsd MEIEMARDE > TR TYE, 19524+
05 b 3t 52 (M8.2), 1973 4 AR = I 3t 52 (M7.4), 2003 4
R (M8.0) &\ 5 72M7-82 T A DE KHIFEH
HETHED, TOHRELREFBEHEF+ZTTE2A
B - 7T, 1998 5 1), & 512400-500FZ & 12 B
WEREWFEOBIELEE L CHEERMHE Mw 8.8 ~)
(Satake ez al., 2008 ; Ioki and Tanioka, 2016) 23%¢/L, Z
DFE, WEEKHTIEBkmA — & — TOEPEM L2334 D

WMLUAELCTWEZ ERHE 2 E & - T (Nanayama
et al., 2003, 2007, 2011 ; Nanayama, 2020) (381[X]). Z
DR T, BEPPEISRICIR L2 F 2 S5 B WY
(LT, A Xy FHERS) (S H U 2201928 1998 4R LIk
fibhTna (Bl 2, il =Y, 19985 LilliE 2,
2000, 2001 ; Nanayama et al., 2003 ; 7RHIEZ A, 2004 ; F
JINZEA>, 2005 ; Nanayama ef al., 2007 5 Sawai et al., 2009 ;
Nanayama ef al., 2011 ; Ishizawa et al., 2017 ; G1LIIE >,
2018 ; Nanayama, 2020) .

201148 H10-15 H, FHRT & §I#% v o> B4R M B D 1
NEHT, HERBHREOTHMC. gigas{thBEHERE D
Py FHHIFAEEFERL, Bl - By K ObaES
JEDHER Z D 4 7 + / I — (taphonomy) {2 DWW T FRA
T o7z KT, FOFENWC gigas{t A fg D NEHE

RSN, BAR, fAERNZZEROBDELIZD
WT ORI BERIZHED N T, SR O TIEERET IS
R L7z D, KBUBEREIA XY MIC ko E %
DHDEICZE D B L 7258F DWW TRIKMGE %2 17 -
7z.

AR 201343 AICAZE L 72 AT & & OIS FHIE
FHAR SRR AT PR Y U 7 R 3Eim s 2 S & LT, R
NIEHE L LT —4, &K, KXEkrTEDFEL
B, ThERKFOEEEH (CA) TH 5 LILAHRIENIZ
FLOBELEDTH B, BILFELEBEFRER #¥%
MEDFI A R E L I HL 7=, BN L LHIEZ
&, Bl EEMEREM ORI L 5 0N L v F A
WREDRARERIZHEIA L 7=

2. BERBRADOM & iR

BRI ACE R L 72 SR PR 6 km, WEAY 2.2 km,
BATHY 2.8 kmDTKITH 0, WSCHRERNRAE L 2N
B, BOBEIZ X > THE X WEC M0 (Z 7 —
V)THB(E, 19845 F2X), R“hEHEIZ &S5
25, THA 5 BEMIZ 100 m& 350 moD 7 & 12 W
EVfT RS L I3 20 X h, EE3S S
MO AL T3, BEOHRIEh-HR 2 5
nY, HEEOBOKRET v — bORF2EBL, 20
7o OWFHERERD, HRABR2L>THRZ S. _heo)m\o)ﬁ?_a
LIRS = R T B 5 = R R BRSO Ak
A (LIE A, 1994) OFHERIAS, PEIA & O RERD
RICE > THIERBRICETE oSN EELS
ns.

FBERBOFA I & OF OB O AL AN 1A 20
BEAAED SN, T ZITIIEEHRENERE (ZH - kS,
1986) DYRIRKEIK CHRE Ve s BIABICBE LT s, K
FREFESFRW S OB E FICAME? 655, ZDIE
(2 55 6065 m) 121, MISS5eiER B fr (M1 5 Okumura,
1996) B8 53, Toyak DEHM T 7 5 & o Bt e
RN Ebh T35,
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X ALdEE &l & U 2RI O E K. () TEBEBICEE L BRSO T 2 b =2 2 &R TIA iﬁkfv K. frvy
GO =ML, ABEKLORMEZE, LY DROBERIIIAET 7 5 (B-Tm) D45k~ (I - 2006). T5
@ﬁ@n@ﬁnt/aéfiéthUTi #ﬁ®t7X/b#éﬁbf%i#%%ék%%@ﬁ“mﬁérbfn

TR, MSCBEREIICE T 5, HARBGF I & OA0iEE E Toxt i BE) OB L o & 23
?(*ﬁ%, 2010). JKEOMAZIIbXI O 273, (b) TEEL LBEDINET 7 b =2 2 &R T HEX. JLigEic
B BIAET 7 5 OB X OTEEEIC B O TRE U 7= 8k e OEER L v 2 GOBNIEK) 2587,
HIERIE X y;iﬂgﬁﬁ‘— 4 (Japan250m.grd) Z 2 L C, FEAWEITERAGMTZ 2 ) 7+ % AW TER L 2. BRI i
WA U2y —id, e e REE R, RO2EO =M, By Ekils KORMETPKIDOMNEEZRT. KA Ly Y@
DR ;tr”tuiar7a (Ta-a, Ko-c2, Ta-b) D/3Au&ARd (&Il - Lil, 2006). THREHHNOHNY V7@ THAL T
V7L, BEROE s 2 Y BB CRA T ABEREONIER AR LTS, HEDORIITRTAEETL — b
DB XL, REVELE T (Sellaer al., 2002) 25 L 72, ELE@AOMUMIZILE 2 X O E %R,

Fig. 1 Index maps around the study area. (a) Regional tectonic map related Japanese island arc and the Kuril Trech. An orange triangle
indicates the location of the BaekdusanVolcano, and the orange dashed line indicates the distribution area of regional tephra (B-
Tm) (Furukawa and Nanayama, 2006). The light pinkish area along the Kuril Trench shows the probable rupture area of a multi-
segmented mega-earthquake. The blue arrows indicate the influence and direction of the Tsushima warm current on the coast of
the Sea of Japan and around Hokkaido during the peak of the Holocene glacial retreat modified after Matsushima (2010). A gray
square indicates the area of b. (b) Topographic map of regional tectonics around the Kuril subduction zone and Hokkaido showing
source volcanoes of regional marker tephras (red triangles), and rupture area of major historical earthquakes (orange ellipsoids)
along the Kuril subduction zone. The topographic map was drawn by Mr. Kiyoyuki Kisimoto using a GMT script based on the mesh
topographic data: Japan250m.grd. An attached bar below the topographic map shows altitude and water depth. Red and orange lines
show deposition of tephras from Komagatake, and Tarumai volcanoes (Furukawa and Nanayama, 2006). The light pinkish area along
the Kuril Trench shows the probable rupture area of a multi-segmented mega-earthquake. Pacific plate motion (white arrow) is based
on the REVEL model (Sella et al., 2002). A purple square indicates the location of Fig. 2.

BifE, FIRIADIHEDUIE R 2 BARIC & > TR DO EIRRCIRRE RO FEIE OIRFED -8, HEIC
N7zWE60 m, 1H & 2-3 m O/ N ) 7 —HEIZ KD Ko TABINZ Y 7 -2 ML, AKfZz T %51
PHIEX N T % 2%, FERLEEMIC & - THHOARN 2 ER FHRFICEEIZ TN TN 5.

5 EERICUIRL, KPFREISHAAK S BT 5 BIR A ZO—HT, HERHOWEHOE T, BRFD

WME SN TS (E1h, 1984). F/=, HKERCIE, BF BRIFICEEAZ 0N 7T —WHEZ B L T, AR
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FoM ERENTVEER, SACRERI O & OWFETRE(T0) B X OTI-TS M L v FOMER. FEMBROME L, F1KIR
ENTWE, BHEORTRINLZTY 7IE, ML Y FHREBETHS » & & - ORI E W2l SO E %7~
9. KATHEI T 71X, EHitCrassostrea gigas (% # ) LA BEHEIED 3 ulg 479 . HEXIZTIXGoogleds LU

ZENRINAEVEHE % A § % Google BarthD g % FHU 7z,

Fig.2 Geomorphological features around the Pashukurutou Lagoon area, western side of Shiranuka Town based on the Google Earth image
copyrighted by Google and ZENRIN and index map of the coastal outcrop (T0) and trench sites (T1-T5). Refer to Fig. 1 for the
location of the area. The area indicated by the yellow line shows the location of the drowned valley formed during the last glacial
period. The location of the valley was inferred in our study. The light blue area shows the confirmed distribution of the Holocene

oyster (Crassostrea gigas) shellbeds.

HICHATHAHEPEHRINL TS, 20728, B
OWAKEABFIGEVNE EE 3 E < 8> T3 (Eil,
1984) . FHIRINIAKEE 3 mEIROBENUKESEID 7 & —
VTH D, BRI TEICPRE L HER A HERT L T3 (5
th, 1984). 7 OWANL Z O Ik V- Yo i 1 & 0
LAl miEEW T EARS T3 (M, 1978). B
16, WA IZ I IH A BT 2386 2 G5 U 72 Corbicula
Jjaponica (Y~ bV ) BNARBIHL T 5. HATS
WINE4ERBHD, 2O BHERNIPREMENZ L,
AN O YA T T /NSRS 25 By BEIR = F 0 oD F8 3% 28
RHoNs (EE2X). EEIZACHNZ E W) DOREE 2,
WK OWEEE NS K514 % (G, 1984). 251
WD ALM—H7 (X Phragmites australis (3 ) — Calamagrostis
langsdorffii (A 7 /) H V¥ 2) 8% D 5 & 5K ERIFE IS

koTEDLN, ZZTEHBELRIKDPER I TS,

BB RIARNEIZ B0 TR, 1843 HEALIEE 55 I g2
WOEE, HFIZBEHET 5 AT Hifiibi 3o TR O
JIE EABRH X TS (B, 1984). 19524+ it
FEHNE R 1960 -7 V) MU EANERROFE S 34 mDIE
DRI NTNB A, ZORATIERHCNE SEITH
HEh Ty (LiliEs, 2001).

B FERIBEEOER M T2, 4O TEiE#EcRE
L7z 8RR IS K 2 BRI A A L T b 2 e H
BRICHiE X hTnwad, FrC17ifeicBEL 24 XV b
HERIY T 5 GTS1 (Nanayama, 2020) (& Z DR —H D
FRBAEICIRBIZIREL T D, X BIZBEDWER,
5%93.7 km Hipd F TEHH TS (LILHEA, 2001).
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F3X BARIEEF D Crassostrea gigas (¥ 4 F) (LA EEBOBHIRI.  (a) 200946 H OAEANL TO B3 RIHH R ORI,
(b) TO : B85 (1982) 12 K > TR X N - BHEMEDBIROEHE, () T1 ML v FTOEREMFHL - F v ¥ ikl

EEOWM. (@) HHIH%OTL b L v FPEEED AR5

Fig. 3 Exposures of fossil oyster beds along the eastern coast of Pashukurutou Lagoon. (a) Eastern side of Pashukurutou Lagoon at
a low-water level in June 2009. (b) TO: outcrop described by Matsushima (1982). (c) Trench excavation work using heavy
equipment at T1 trench. (d) The west wall of the T1 trench after excavation.

3. MRF&E

B RE DO 5EHT I Crassostrea gigas (7 7 F) LG HE
fE&BET T 5728, UTOFMETHIEELT - 7.
(1) b L > FiEH & HEIE

201148 H10-15HIZ, EHEEHWZSILO L v F
JEHI (DL FT1-T5) %17 > 72 (582). b v v F i,
WE2-4m, ME2-3m, MWPEHIADR X 26 mOHETHT -
2EE3X). B ML Y FICB T AEEAE S 20, K
HERIZ I\ T GPS staticz W CIEMEA IS # & &8, %
b LY F ORI L S S L AL IR TRD 7.
(2 L FEEOHBE - BBEYTUT

Bz o CREtl, fbaBEEROER, PEEORIS-
ATV EE4X), ThZhoME, 26m (T1 hL Y
F), 3m (M2MvYF), 4m (T3 LV F), 2.6m (T4

FLYF), 1.6m(T5 b LY F) DRBIFENLD 729 ORIk
X5 6 h 7z (F5[K).

Tl, T2 b L Y FIhB W, BESFAOEXZhE
6 m, 4.5 mDOIWHIWHOFTEIERMIZ, K T THAL
AR EIRE T CEBEOIRAEEE L2, 05 mDK
TR % ik > THURG W D g AH & AL IR DR %47 5 72,
Bl COFFIEBERITEEBRIZR s T =728, bL Y
FRERNE Y L 7255 A8 ) I I/ L TR L,
G A FEIAT L 72, T2 b L VY FTIEC. gigas{b B
Ji& D A5 ) 72 ) B D F08F (silicon resin stripping sheet ;
ME0.8 m, M2 m) ZESL CTHSMY, BATHML
Bl E T 72 &b, WIE(1982) TR X 7zl EiHE
(TO)IZDWT 3, FERROBIER - iz 17 7.

TI-T3 b L ¥ FDC. gigas{b A EHERE D 13 BHETHI 0.25
mV. DT Oy o EFVTY UL, BERIZHES - T
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(«p. 144)
FaXl 644 TOAFEREZRNTEE., figdifl 4285, 7, SBEXUIXIIRT. A:T2 b L ¥ FOPEHIEm (Fim) ofLfhE

Fig. 4

2=y PFB-dIZB® 5N 5 44 7 Ta BEIXADOHRIEDHPH). 50 cm BIFEDOKR~ — 7 —DFIZH %2 DDCrassostrea
gigas (7 77 %) ORRIREA I, B L EREEBEEZR T D2 O FRER TR N TWb. B: Tl bL VY FHIAO
FB-dHIZFBO 6N 5 24 7 1b (ETX). IF: 45 cm. DL ¥ TIRO B OEAEKIZ, RUNCEEAD & 5 AHRIRE
BEREEH L T ZWRESD S 5. WL Or D8RI, (KA F 723K Tk 20 () Icm) s, c:T2 k
LV FHIEIOFB-bHD 4 4 71 GEIXAL ). HIldh 2K E LHGFROC. gigasDidtld, (KA TREM (F7) IfEFI L <
W5, D:T2 b L Y FHHERIOFEH EH D B OFB-e TA L5 & 4 7T (FHIXBHFIAT). BE: 50 cm. &7 LI
HEFRRODC. gigasDIZ, KFEHAE L PABANCELEL TB. E:T2 b L Y FHEOFB-gicAbh 3 24 TV (EE
IXAL). tLvFHEHIE RO KIERTORE. F: T2 b L Y FHEHOFEHXE D RB Eo 2 4 FIVEEIXIB L), 7558
DAREZRICHBIEIZ L 2BHEAOHER D 21T -2 — MO, BEEEFE UG, SRNRIZH 2 DT, Hif§idIbig
D7=DIZAEHENKHR L T 5. B8 255 em. Wi W& C. gigasD IR A HB O 7 7 7)) v 2 &R 2 & a Bk
LTWa. G: T2 by FEfHz=y FT22 2 MK 28RO OIKEO P LRE L L F NIk Ehi=2 4 TV (B85
KT2DS1). RVYDOEX : 15cm. % < DMya arenaria oonogai (X * J 54 )N, C. gigas Dig & & & ITHER & DR TE
HFLTWS. H:TI ML Y FHEOFB-all@Bd 65 44 FVIEESX). WE : 45 cm, M. arenaria oonogaiD & Fr/EEFHD
e, BEFERLL, FRISHEFOC gigasDidt e L SIZEHEL TS, EO3FD 1144 7T %R

Photographs showing six types of modes of fossil occurrences. Photographing ranges are shown in Figs. 5, 7, 8 and 9. A: Type la
in the fossil bed unit d (FB-d) on the west surface of T2 trench (broken square in the left central part of Fig. 9A). Two bouquet-like
oyster clusters lower than two red labels with a 50 cm width are composed of several articulated shells in upright living position; B:
Type Ib in FB-d on the east surface of T1 trench (broken square in Fig. 7). Width: 45 cm. A central lenticular shell aggregate might
have initially formed a bouquet-like cluster like Type la on photo A. The ventral sides of several articulated valves are inclined
seaward (rightward) with low angles or nearly lying horizontally; C: Type II in FB-b on the west surface of T2 trench (broken square
in the lower right of Fig. 9A). A large articulated oyster individual in the center is low-angle inclined landward (rightward) with an
elongate ventral margin; D: Type III in FB-¢ on a silicon resin stripped sheet taken from the west surface of T2 trench (central broken
square in Fig.9B). Width: 50 cm. Articulated and disarticulated oyster shells are aggregated horizontally or somewhat irregularly;
E: Type IV in FB-g on the west excavated surface of T2 trench before washing by lake-water shower (upper broken square in Fig.
9A). The photographing range is as same as photo F; F: Type IV in FB-g on a silicon resin sheet stripped from the west washed
exposure surface of T2 trench (upper broken square in Fig. 9B). Although the photographing range is as same as photo E, the
image is horizontally reversed for comparison. Width: 55 cm. Fragmentary oyster shells are gregariously aggregated within the bed
without conspicuous shell fabrics; G: Type V intercalated within massive dark gray monotonous sandy silt as a lithologic unit T2-2
of T2 trench (S1 of column T2 in Fig. 5). Length of pen: 15 cm. Many articulated shells of Mya arenaria oonogai are swarmed in
sideways lying position with some articulated/disarticulated oyster shells; H: Type VI in FB-a in the west surface of T1 trench (broken
square in Fig. 7). Width: 45 cm. Many articulated/disarticulated shells of M. arenaria oonogai are aggregated with disarticulated/
fragmentary, rarely articulated oyster shells. The upper one third represents type 11.
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HFA &2 mmODEi% - TR ZKSEL TRV L, #E
HAEDE T K OMEE Bz G L TR ZAE L 72, —
WHD S BRIATLELAGRO» 2GR 1T E L, X
BB DMENG DI & Ak L, MBLERD 2546
IZIREETIR 1205, B DIZ025DREA L T
FHR L7 133O 5 BEMIC s EE S 980
IZDWCEHEUIE % KD 72,
(3) “CHERAIE EBERE

TI, T2 b L Y FOREEG B XU, T2 EWD X2 5,
BFRTHERPBHE L TO AR WRIFIRIED B iRk B8t A
(C. gigas, Trapezium liratum) 11 Akl B KO 3
BAE D H L, AMS (Accelerator Mass Spectrometry) %342
&0 "CHRENE AT 72 GBS, 15,

WEIZH 72> T, ZTORBHZDONT, DU OnHijLEE
EEEHEEL 72, MAREHZO VLTI, B-T A h )R
(AAA : Acid Alkali Acid) AFNZ & 0 R & (L2712
DRz HREGARHZ DWW TR O £ i % 1 mol/ ¢ D
R % T30 %EEWE2» L, RN aEENED
b B EBRE L (Bdg). AT, Eogid) vk
ERIGEETBLR R AT E, H22T (  THEHR
KRETHILL, 777 74 FERELTUZISHEL 2.
I SRS LIRS S B F 22 ISR U 7.

26 172 AMS“CHUiE 1 IntCalo4 F5 & UtMarine09 7 —
& N — Z (Reimer et al., 2009) % it L, OxCal v4.1 (Bronk
Ramsey, 2009) % FH\ CTEEBIEFA (cal BP ; 20 = 95.4
%) &S U7z (HU, WHEURERE & O 72 EARUE
VHF—N—ZNRO-DFELD EHOOEAFELND
Z EMHIS T B (Stuiver and Braziunas, 1993). B
IS E T 2 bmE s BV Tid, AR (BEE) ¥ —
IN=ZROAFENE) OEAKRENZ LZE<HMSN T
% (Yoneda et al., 2002; Nakanishi et al., 2015). BiT{TH
72 AR R AR v M O BIVTL & 1 BE O o0 HUIR B R A
25, BEIZ5225+25 yr BPORILAIZH LT, Ruditapes
philippinarum (7 %)), Mya arenaria oonogai (* % J 7
1), Pseudocardium sachalinense (7757 4 ) 25 D ygidtfd
O H gt E %13 600-700 £F- 1 0 DA AR 5 T B
(W13 J6RE, 2014). 2 ZCARITI, #3540 (2014)
2L, EHEOARE —~FIZ7004F L REE 5 Z L
1295, &k, AXRKTHIAT 25813, BERIES
K, WEEY =N —RRA I S 3121 O AU R A
LR,
(4) U7 — o =0

Sl OB LA 2l CHREHNE 217 -
72D, HEREHR (depositional curve ; ¥IH, 1998) & fH
v 28 B (relative sea level change) 23 IEITHHRE 4
BZkiznb. HU, KMOWEKSIVICA E V2284
HEIZE, HIZV T =2 OEEMEAES. 22 THHO
T, A RE S BB O R & FRELL T RCHAR
WEEFBL, ZOREFNEREOCHERIRE 2 R L 7=,

Z LT, ZOMHE» 5BI100FRELEDOEE &S ED
TGS L, KEL AN 4ERUEE ) 7 — 2 4F
REYETHZ LT

4. HEBESIV ML FHE TOREHERER

W FETE (TO) & 5TEATD b L v F Wi (T1-T5 b L v
F) THEE L 2O EHIZOWT, il % O Tk
MUZREHLI=y bELET 2 CESX). &k, HIFE
BEILES (P09 m), T1 b L v FIE (04 m), FKOTS
FLYFQOmMIZENT, EHMOIEETDH 5 R
FIBERS (2 - A, 1986) DBLIRKG K (R E VRS 4 8 i
LTED, SEREE OO 2 A EA AR X Wi

4.1 TO GHMFESE)
HEERIE © 42°5520.0"N, 144°00'14.12"E
EE:153m
BHEDTED S OERE : 232 m
HREH, S DRE : 0.70m

[E]38 38 45 X5 T2 KAG D HUR AL O WIS, SR bk
F& D L[EHE U - BRI GRS O BRI HERTE 5 (58
3Kla). Z® ki, REEAEST) &7 L TR D
FEIE 0.6 mDERAEILADELE L HE L E-2 L
FRENELD, ZO LA E SRR E R AE S T
W5, ZOBEIME (1982) Bl L= DTH D, K
HEALGOERY B 4D0RH2=y  (Fi2 6, To-1,
TO0-2, T0-3 3 K UT0-4) 233km X5 (GESIX).
BH1=v FT0-1 : REAE LITITEEMEIRAIEOHE
D 7 (burrows) BEAEL TH D, TO-1DWE I b TH
HENhTW3. T0-113E/F0.2-0.25 mOEMASIMILAH
EEATRHHKEHES L E 255D, BRTIEH D5
A BRB A R RN U 72 Crassostrea gigas (< 7 &)
RMya arenaria oonogai (X F /7 574 ) %, C. gigasid
JAg A B () iz 72 8 A% <, EEBidi A% <
£5.
BHI=v FT0-2: TO2i3EF0.15 miZTE DAFTE
e L 3REL 22 (Digg, fiE b, oz & i) £ R
LEETNTC. gigash B Rohb L MgThh, —
I AR D RRIREE SR %2 5 L, BAET A M. arenaria
oonogailZ & "L HLZE AR THE N & E N B, To2 MK
REBMTH 5.
JBHH1= v FTO0-3 : TO-313kE/F0.15-0.2 mDEEF - BEH
FURBER & 53 2L T, T0-2 & OBEFRIZTO0-1/T0-2
BRI TERES AR TR AR E Ak T T
ENTE, HBOAHHER L TAOFICERL T,
EBE31= v FT0-4 : TO-4 3MEE A &L RRDIE T d 5 4,
JE X BemA MR LI X0, 2o idEbicEb
ha. 15 (1982) TIRE X 0.4 miE & D& - K
B ERRE SRR T3,
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1K T, T2HKUT4 b L ¥ FOBEH A 5 RIS M-k ABIP A T K ORI OAMS CEMRMIERS R, AUBHRHE H13 50 5
KiZ® 5. AAAT KUEdgDHMIZAIHIZH 5. AFEL L2 Le B0, RN, BEEORE TR LA

AT HERGER IR & fERC L (BB 61X))

ZOMr DI NFEREE ) V-0 FERELTURETX AL ki, &

XTI 285613, BFERIEARN, e 3 — N R IEM & 12 1O 2 U LA L TR

Table 1 AMS"C age data measured for shells and wood fragments obtained from T1, T2 and T4 trench sections. Refer to Fig. 5 for sample
horizons. See text for explanations of AAA and Edg. As described in detail in the text, first, a deposition velocity curve connecting
the youngest ages of each stratum was created (Fig. 6), and the age values that deviated from this line were classified in gray as the

rework ages. The calibrate ages and their corrected ages for marine reservoir effect are rounded to the first unit in text and figures..

Trench  Altitude Stratigraphic  Lithologic

Conventional age Calibrated age

Sample no. number (m) unit unit Sample Treatment 5'°C (%o) (yr BP) (Ce(ll2g:3) Lab code

PW-9 T 2.04 SuU-B T1-3 Trapezium liratum Edg 561 + 049 6160 + 30 6680 — 6500 IAAA-110840
PW-9C T1 2.04 SuU-B T1-3 Crassostrea gigas Edg -0.75 + 048 6110 + 30 6630 — 6500 IAAA-111956
PW-6 T 1.61 SU-B T1-3 Trapezium liratum Edg 368 + 054 6530 =+ 30 7140 — 6950  IAAA-110839
PW-6A T 1.61 SU-B T1-3 Callithaca adamsi Edg 596 + 053 6300 + 30 6860 — 6670 IAAA-112819
PW-6C T 1.61 SuU-B T1-3 Crassostrea gigas Edg -1.55 + 047 6250 + 30 6780 - 6620 @ IAAA-111957
PW-3 T 0.72 SuU-B T1-2 Trapezium liratum Edg -099 + 053 6880 + 30 7460 - 7320 IAAA-110838
PW-3C T1 0.72 SuU-B T1-2 Crassostrea gigas Edg -282 + 042 6900 + 30 7490 - 7340 IAAA-111958
T1-S1C T 0.61 SuU-B T1-2 Crassostrea gigas Edg -1.00 + 055 6990 + 30 7550 — 7430 IAAA-111959
PW-1 T 0.48 SU-X T1-1 wood AAA -26.01 + 049 6870 =+ 30 7790 — 7660  IAAA-110837
T2-S4 T2 2.05 SuU-B T2-6 Trapezium liratum Edg 096 + 046 5930 * 30 6410 — 6270  IAAA-113252
T2-S3 T2 1.90 SU-B T2-6 Trapezium liratum Edg 227 £ 053 6130 = 30 6650 - 6460 IAAA-113251
T2-81 T2 -0.35 SU-A T2-2 Trapezium liratum Edg 165 + 049 7540 + 30 8100 - 7930 IAAA-110841
PK4-120 T4 2.18 SU-D T4-5 wood AAA -26.56 + 0.49 28620 + 120 33480 — 32530 IAAA-111446
PK4-160 T4 1.76 SU-C T4-3 wood AAA -31.16 + 0.50 4480 + 30 5300 — 5160  IAAA-111447

4.2 TIrL>F
HEREARE © 42°55'20.8"N, 144°00'14.3"E
EE 13.03m
WEDTHED S OER : 245m
PEEERE 1 2.6m

T b L v F TR & RIEA TE > TEIE23 mD
SEHMAELZ >TED, 520BHI=y b (T1-1-T1-5)
IZX oy &h s (FE5K).
BHI=y FT1-1: & FEOTI-11E, RO REEmIC
HED, AMEHEEROFR-KEEY 4 X OJeE AlE &,
FEIE0.1-03 mDEHBHYE YL MEar bk 5. TI-11d
Mz E->ThD, KLy FRATERED Sk
W,
BHI=v FT1-2:TI-1O EA7IC, WA EHEER 4+
A TiEBIM OB ERE L THES L N E(EE
0.8-1.0 m) NEZL > T3, TI-2FILMNIZEL &5 Th
D, ZOMNEBEIEIZIE, BERORERIFETS.
EBHEa=v FT1-3 : PEBDOTI-3IETI-2 A Wil 35 &
0.55-0.60 mOKAEY L LB A LTI MNETH B.
ZOWEITIE, REmASTFHET 5.
BHH3=v FT1-4: T1-4 (0.15-0.2 m) iF, T1-24 5 i<
RREMLaEEREO FE AR L, FHAREICE
K LM A DBREDWE YL MET, BRI AT
3. TI-413 AL 5 SIERAORIEE % 5§ 5.
BHa=v bT1-5: W& EIOTI-50E, P S HE R
IZH 5 B EFE03 mDEYEIALEEMEEIROR LN S

RO I & & DR AR YR A 5 5 B

4.3 T2hL>F
JERESRE 1 42°5521.2"N, 144°00'14.2"E
EBE:29Im
BEDTHED, S OERE : 254m
ERIRE 1 3.8m

T2 b LV F IZBWTIE, EMRE &SRO A EA T
BHERTE LD 572 22 TIRBERN3.0 mDEHMAH
e h, 7TO0HELI=y (T2 5, T2-1, T2-2,
T2-3, T2-4, T2-5, T2-6 ¥ L U'T2-7) 3kl & M7z (BB 5[X]) .
BH1=v bT2-1:T2-113EF 0.4 mDAEYHESLE 321 72
BROBSIKEGERE S L @25 5D, REMESRAREA
G, REBICEBREHROYES A E G
By FT2-2: 2213478 L IXEEFRDOM. arenaria
oonogaiN/KFIZELE L, C. gigasDE T, Bifrd KL OB
FEWS 62 ELEE0I-02 mDWEY L FNETH 5.
FE OB IZ AR OVEEEE A LS 3 cmA PO
P IBESBAEL Th D, T22 DRI AR % &5
BAE3 =y bT2-3 : T2-3 13 Bt e 2 o0 i
GLA&221 7288 025-045 mOWE YL ETHD, T
FRIZTFAI 2= P &2%<HIDAA, LIRS Lfiiz=y
b (T2-) 2L HIDIAE NS &5 BREEORRLASH D,
ZHUE > TRIE LT 5.
BHHI= Y FT24 : T2-413F v SOLIROEIK Z HIFE$ 5
JEIF0.35-0.65 mD HFR W HEE L 2B L ME»r bk .
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ZONEIZE, BEROBETBIFAT .

BHI=v FT2-5: T2-5 3 HEFEIRDC. gigasBHEE &
fZEPEIRDC. gigas BN H G % FEIF 0.8 mD ¥ )L b
B s kb. FORKIZIE, BEGSFLETS.
B3Iy FT2-6 : T2-61FFHRIZWL 52RO B 512
BMiET LT, MiEEEOHBRFNEELZWE L b
& (BI5042m»5k5.

BfEI1=y hT2-7 : T2-7 13 LA AR 22 F IR 1 ¢
% 5 g 0.25 mOMR - RE 2 S 20, AWETELR
EEMEREEIRD OIS,

4.4 T3IPL>F
HEREARE © 42°55'20.10"N, 144°00'14.5"E
ZEE :349m
BHEDITED, S OFERE : 384m
{EEIRE 1 40m

T3 PL YV FIZBWTIREEN40 m&E VS R EENTE
RN N, P EDT3-1A2 5T3-5D5 DD BH
=y MZER SN (EsK). SEOHHITIE, e
D ISR K 28 70 5 7.
BH1=y FT3-1:T3-113, C gigasHNEHET BE WL
BRI E WG L b g (R§)E 1.6 m) Th 5. higic
RRME L EEEN D D, T3-10 FEB0.4 mid i H A
RDC. gigash 2 A, Fh K EATI35E E REENEERE
%%Ita‘éfﬂff BB N L BB, 2D
WERICIE, REHPFET 5.
E#E:L:‘y FT3-2 : T3-2 (FB/F0.6 m) 1%, HHIEZ RO
HHFEHENLT, EHIZRRMRbd 208 L b
L IBHRI B TS 5. RIS AIELLYS L <
BWkT, BEMEERAENBETS. Ly IROY = —

Ty TN EES EEBem TOWELrEEhTHD,

R EEBICIZ S W - Al e & i 2L b g oMl
HE 22T 5.

BH1=v b13-3:T3-3 (E0.6 m)IET3-24 53ifs§
ZEIROBIK ARG TH 5. EEMEEIRAIES 2K
ICBAET 24, ik LEBIFEHEL T3, BRITTFHLE
B TT3-4ICEHbNS.

BfE31=v bT3-4: T3-413ALT % 5D RV 3JE (T
&0 FEIE0.25, 0.15, 0.05-0.08 m) ORI RS g >

50, &kl LT EGMRALY 2 EmsRnshs.

AP IE D FEEIBIXEE 2 emBL T O E ZA T
0, & MO TICIZEMEOJEEE SR 5h, g

EI3EREmA 5T, R EEERES L FNEIZhk o> Tw 3.

BHI=y FT3-5:T3-51%, T3-47 5 Ly Be g 75 g
HEERE N L TEL S, EF0.6 mOIKEEGTRRE% &
LTW3., 2=y M, EX2 cmFDOMKIDHERE A 2
RS SND. £, EEH S TFMIZHENT T4 KL
K@ A BT 5. B FABIR)E X 3 dem DR IK Gk X
WIK2 5250, A RL, WEICRERRILEE % &

R S, R TE KT 5 2R BAERTH D,
FRAKOHAOMEN 2&E. L2 5 2F kK
JEITIE X 24 cemDJKAGHTR KK S 250, iR B
<, PSR S han, ek ikl s 5 2 H
EFERELT, RIRARUEADOMSR 2&T. E2b
3FHDOKILIKREG I RIKERRKILIK2 5 2D, R
LY IR L, mR3 emTh 5. WK 71X, W%
BEL ZAEY TR %ﬁbtﬁ7xﬁé1%kbf )
BORUHAOOREMSF 280, & MIEIERIZHROR
WIKEHIRDKILIK A S 5D, JEXid L v ZRICZEL,
K1 emTh 5. HEOR MR 22 KilH 5 2 % ik
&35 GREsIX.

4.5 T4rL>F
KEREARFE © 42°5520.11"N, 144°00'14.6"E
EE 344m
HEDTED S OER : 462 m
PEHIZRE 2.6 m

T4 b L Y FITBWTIEN2.6 mOHEREFETE, 6
DD = b (T4-1-T4-6) ik & 5 (E5K).
BHHI=Y FT4-1: % FEOT4-1 (BIF0.2 m) iZEkIAE)
YA BEBKEES L P 2550, KB I
JE BRI P AT 2 B 26 C. gigasiFr & Tk & 9%, K
BixZzofE L BHE”»5T3 L Y FOT3-1 D B
Wbxhs.
BH1= v FT4-2 : T4-2 (/5035 m) &, FHZERENE
DFEEI & F52, WIKEMRM-ES L bE» sk,
YRS RE LR TH 5. 2 OETHLRTD A & )
BYL b REANEBALWiFE T 5. I AT OT4-3 R
JEH#eD 5 AL E N BEMAIRAERE S FE L, Z0 Ll
VAN 25 A R A 55
BHI1= v FT4-3 1 T4-3 ZEEMEOEINEE R A WL
DEE B BERD L 1 g (RE)F.0.45-0.5m) Td 5.
BHEI1=y FT4-4 : T4-4 (BIE 04 m) ZHKIBETH D,
PR IR IR A 2 RICAET 5.
BH1=v bT4-5: T4-5 (FF/F0.55 m) 13, PHEEER
(ZH g B MR AR A P SRR AR RE T b 1, 4R DRk
fthn»5xn, ke LTy LSBT 5. 3%H,
AZHOBRBO LEEIMEY L M ck-ThD, 3%H
O FEIZIZEZX 1 emD YL Mg E &, T 3EOR
Jié D EE IR (IE) % < R L T 5.
BHHI=v FT4-6 : i LNDT4-6 (JBIF0.7 m) IZIKEE
JeRBETHY, ZD1=y MIiE, JFX2 cm%ﬁ@%ﬂ]ﬁ@
Ea2ERD NS, £, EEH»S PRI T4fE
DKIIKBLRD 5N B, ZhsDpERIEBHEI=
FT3-5DEDEFRRTH B (BESIX).

4.6 T5hL>F
HEFEERE 1 42°5520.12"N, 144°00'14.7"E
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ES 1 3.44m

HAEDITHED S OIERE : 908 m

PEEIRE  1.6m

TS ML Vv FTIREAMRE A EEABEIZE ST, BE 16
mDEFRHBELE > THED, 4D0EHLI=y I (Fiir
5, T5-1, T5-2, T5-3% KUT5-4) H kil & 7z (GE5IX).
BHI=vy bT5-1: FEGE EOE X 2 omD KB EJRK
Th 5.

BHI1=v bT5-2 : IREIKEOBIRIE L E 2 L b
J& (/0.4 m) 2675, Ti0.1 miZid, M4 cmPA T
O iR R AR S BUE S 5.

BHEI=v bT15-3 : FRICTFHAFE R Z T L THR-
MR RD—E S L A EL S (BF03 m). I ORKIG
Lz iR EEh, BERcmOE#REE LT
Bz FT5-4:T5-3 2 54 5 IKEEAOTRKE (&
JF085m) THV, THDL=y ML, JEX2 cmFHDM
hWEr2BRD NG, £, £EHL S FAICIHTT
4aRBOKINKBLRD 555, ZThsOERITEHL
=y FT3-5DFDEEETH B (F5X).

5. BF1=Zv MNXYD, HBRBEEHEER

TO (W R #2VE) L T1-T5 b L ¥ F OBEE Tkl L 72 fg
L=y PXAFIZEED HIRX &2 AWT, S % 54
Mg (BE) - P (A0) Hiaic By U TR b % 70 (385 1XD),
BhEHI =y F OHEGHERLRE@OMEREEZEL T, 5%
PifiE 6 DDRGF L= v b (stratigraphic unit : SU-X, SU-A,
SU-B, SU-C, SU-D, SU-E) IZ[X4y L 7=, (RIZ, REHzZ= v
NI REBEGR, HERRERE, LA ORIL & A2 ZE
LT, Bra=y MplcHEREBRE 2 2 L 7.

5.1 HERBREEEOIER

KA & RO 724, ) 7 — 2 ORBEER
5. ZZTHMEOERTIE, F—EUED 5 EROZK
AL CHUCHERBlE 2 EEL, ZORGHERERKA
724 DL MR & MR LGB 6 IRID R EOHER)
Z OihR LIz 5 7D DR IEAEAME (T2-S1, T1-S1C, PW-
3, PW-3C, PW-6C, T2-S3, T2-S4) M L 7= (5 1%).
WIS, Ihs 3 CERORKREYLAEZHOYTN5 7%
8, —HIZ7004F- % B U CE O HERG S R & 5w L 7z
(#E6X).

5.2 SU-X: HIERHEEY

(WEHI=y FOHEAEDE

JEF2 =y FSU-XIZFEHMBR FEOfEFEL=y b T
H0, BHIZ= Y FTI-1OAD» SR X NS, TI-113T1
b LY F OSEHRIEIRIZ 3o W TR HR e o F
EEROVILMNETH D, HHEE ORNBEPRRT 55
R O MBI fE 5.

(2) HEFRIRIE

SU-XIZ A RIE O B, ZhicidEh s
R EREBORO ER MR E B 2 5 h 5 GBSK).
QR FEERB LU

BCHERENE DR R(EESK, B1R), TIFL Y FO
SU-XJE #E (15155 0.48 m) D # 1t A (PW-1) A 5 7790-7660
cal BPO 1 BHEDOFMRME A F 57z, HL, SU-XIZEAE
DEMERE % M EAEA TE D JFBRIETH 5720, H
TR A 2 5 > COHEREAEA DI HE L v (BB o).
fHLU, SU-XOHERIFAIE, #97800-7700F1/18 L <2
ML E P2 Z LI3AHETH A 5.

5.3 SU-A: IRXFa7VU—EE
(NEMHEI=v FOEAEHE

SU-ARTEHM T HFORE L=y + ThH D, EH-08
m”2 50T mDFEH DOT2 L v FIZf@H 2 = » FT2-1,
T2-2, T2-3DFMAEDLELSHERENS (FE5X). T2 b
LV F T, SU-ADFERE B 3T2-156 K U231, K
IREDAEYERLE 20T 72 BRIROWE 2L b R 2 & Rk X
ha. ZOMICHEEZ N 5T2-2 (BF0.1-02 m) iE, L
Toz=y MERPHET, A7 L ITEFOMya
arenaria oonogai (A A / H 4 ) BEERENIZFATIZEHE L T
W3, M-LEHBH & k0. T2-1 ESiizAEo
TR E EOBEND B, TR L, T2-313HRA D
HAE T B M, Crassostrea gigas (¥ 5 F) DRk Id & xh
L,

SU-AIZT3 b L ¥V FTIEZ DHEAE A MR T E K\,
3L Y FHNCHL E->TRETHEPHENS. F
72, SU-AD FHRIZFERTE T,

(2) HEFEIRES

SU-AIXT2 b L Y F O FEIZIR S R, bR ol (58
5H) TiEMM A FHT 5 &5 g mnL, EiZE
WBELEZ T BN OBE L L FEA SR S h, M
arenaria oonogai®D & FRMAEBHEEHBIRET S Z L0 5,
M. arenaria oonogai®D - BIFh 6135 B\ Z & BHEE
T&E 5. M arenaria oonogaild NE D IRAIR D W12
DA% (Bl Z1F, Goshima, 1982) Z &, ¥ KUSU-AH
WEHICA CETH D, T2AF 27 ) —JRRRED
HeREEE Z 5N 5 (FH5IX).

(3) HFEENR S LU

HOAERIIEDRER, T2 P L v FOT2-2 (E-0.35 m)
DALARRHT2-S) D Trapezium liratum (7 % F ¥ <Y
HA)7 5, 8100-7930 cal BP (T2-S1) DI fF 5 7z (B8
S, 1K), ZOMEIIHERBUSHIE LIcH 5 2 L
5, Vu—sERTEEVEHEINZCEEX). 20
FRIEZE, XHICAREZMIES % &, 7400-7230 cal BP&
RfEd oha, HRICETAERERIEEIEOATOHE
WA, BARHET SHEF L=y PSU-BDR M2 5 AR
%L X 72 6850-6730 cal BPOERAEAH SN TS
ko TR = 5 FSU-ADHEREEIZ, 97400 471 »
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KAEPLE A XV OB R LR 7 FHEOBIE L ETEE (L)

4.0
SU-E
B-Tm (AD 946-947
30 m (AD 946-947) 4
SU-D
(GTS3)
1 | |
B —— '
2.0 PW-ooC mm - 3
—_ N o 160
E -——s‘épw-ec
PW-6 | PW-6A
N
@ ! SU-C
© 1.0 Sl B 4
E === PW-3, PW-3C
—— =3 T1-51C
= = SU-B
< PW-A
00| =~ §
Legend Calibration calendar year (20) and sample
e 8{2_51 9 number using shell samples
Calibration calendar year (20) with AR
correction (-700 yr)
-1.0 SU-A Calibration calendar year (20) and sample
number using wood samples
Original depositional curve between SU-A and SU-B
Depositional curve with AR correction (-700 yr)
-2.0

8.0 7.0 6.0 5.0

4.0 3.0 2.0 1.0 0.0

Depositional age (cal kyr BP)

ol FHIKA b v v FWE A 515 5 e VORI D < HERGEEE AR, A & RO KANL AR (O
Y HF =3 =%R) 2 FE L 2=-700 5 OFENMEREZ RS, &FF1=y MEIZEFT LN
FIGORMIE, IO L HERER ORI 2R L Tw 5.

Fig. 6 Reconstructed Holocene relative sea-level curve around the Pashukurutou Lagoon area depend on *C ages.
The right-pointing black arrows indicate AR correction (=700 years). The color-coded square border for
each stratigraphic unit indicates the approximate elevation and sedimentary age range for each.

5 6700 £ERT O (K 700 £E[) ICHERE L 2= 2 Yilr X h 5.

5.4 SU-B:RETIBC gigas{tARERE
(WEHI=Y FOHEAEDLE

2=y FSU-BIZ, C gigasitREEIE %MK T 3
EIKEDO YL Mg KUOMEY L MNETH D, mllE
ERERKE W, B2 =y FT0-1-T0-3, TI-2-T1-4
T2-4-T2-6, T3-1, T4-1» 6K ST 5. FEE-0.7 A
523 mOFHIZHBH, TI ML Y FTRELSSm, T2
FLYFTHRAD20m, T3Tl6miZHB LT, T2+ L
VFETIML Y FOMTERTREICESMETLT
W3, Tl, T2ORRIZEREEORRS S ALK
T35, 72720, Bl EBOTI-4 L T2-61213, TEOD
BREWEREZNT LT, C gigass@FrWEHLELZVILMNE
R DR D RE & B e B 2L b gAY AL BAE AL
HRgIZHE L > T\ 5,

T4 b L YV FHIETIIEE2 mDT4-1 AR Z S8 E
WD, BRSSP ST41D FRZ e EFLI=y b
SU-BIZIEL it LTk D, 6127 Ol ¢ hkfE

EDORBEHEIZX YS9 T LTRETSDETHEA
5.

(2) #HFRIRIE

C. gigasAb A B HERBOERIZEUE LTI & > TRz
2h, HAEMNEREE PALN-ENEEIERL Tk
D, PBROJEEE TR 7 FHE2PER S h, %
o MED VI EMRGFINZZ L 4/RT. SU-B
i, YL MNEBBIUBMEIL MNEORML 72 EH S EE
T35 61F, WEHTEHERDEHE NS,

() HEFEFER S LUSTLE

HCAEElE ORSE, FEF 2= v bSU-BA 6 I13#REN10
THOERMERFE N TV DB GESK ; 51%K). L L
B 2 2 ahic &k, 2095 5 effl A HERE
RERTEHW N2 CGE6X). ZhbmH 5, T2 ML
v F O R B (B 2.05 m) 125 3 1= v FT2-6
DT liratum ({L 435 FT2-S4) 2 6 6410-6270 cal BP, %
AL (5 1.61 m) A 5 1d, 6780-6620 cal BP (PW-6C),
BEE i FALAHE Tk, T1-2 (RS 0.61m) DC. gigash» 6
7550-7430 cal BP (T1-S1C) DERMEAH SN TV 5.
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WEFHAMNZWE 20214 H72% $H3E

I DFEMIED ARZHIIET 5 &, £ D LRI

5710-5570 cal BP, < @ T FR1%6850-6730 cal BP& % 5.

£ oT, BFE2=y FSU-BIE, KJL69004EHTA 5 5600
FERT (K9 1300 FE18) ISTER - HERE & Hl X h 5.

5.5 SU-C: TigwE

(MNEHI=Y FOHEAEDHE

SU-Cldtibfg # R T 2EFEL=y bTHD, k&M
2= FTI-5, T2-7, T3-2-T3-3, T4-2-T4-4, T5-1-T5-2
DHABDLENE 5D, ZORFELI=y MIBLROEY
BEELA W 7oA - HDR DR & TR & U, MEECEEIRAE
BAGREHEEN TV, 72, T43D LS IZV L b
BEPAEd 5. FCT32 EEiciy, vx—7) vy 7%
o MikibRE & v FEOMBOHERE GEh 5. X
Bl mA 6 2.6 mOBIZ/A L, T1-5 (503 m) £ T2-7 (&
J£.0.25 m) 7 5T3-2-3-3 (FBJF1.3 m), T4-2-T4-4 (B)F 1.2
m) N &, BEENCER) ISy TEL Ao T b Z & R

MTH5CEE5K). SU-COREIE, BREMmME LTV

SU-CO I, T4 L ¥ FOILMTEERE & AR
BHIZH YTy T LTRET S ETHRENS. —F, &
WOT5 b LYy FIZBNT, T5-2 38R HH 2 K @Y
VILNENS KD, T2-T4 b L ¥ F & AL
JEE BB ED AW, 72 FRICSTS-1 DK IG DR
(FBIE2cm) #1E9.

(2) HEFRIRIE

SU-Cid, EREEERAFA(CA % & & BB ELWRE 2
50D, vZ—TY v I ENESMRKREE L RE
DEHREHEEEN T L —F - FHCERER % & ¢
Zenh, WERRE TR S W2 RHERITH 5
EHEHIX NG, 77, 430 &S L)L M@ HAET

B5DT, —EBICBRETEIEL-ED LTINS,

T1-5 (B#/5.0.3 m) & T2-7 (B#)5.0.25 m) %> 5T3-2-3-3 (F§)E
13m), T42-4-4 (FEIE12m)NEJEL A5 TWB AR, T
AUZDNTIE, TIHNZHEL 2 - 2= TR, 1153

Fr FNDFHEEMETEZLICXDHMATEETH B.

ZOWA, mBEOTS b Ly FHER, BT BRI

HEMRRTZ 3.

() HEFEER S LU
YCHERIEDORR, T4 L v FOTL-35 LE DML

£ (PK4-160) 7* 5, 5290-5160 cal BPAE 572 (5514

H5K). koT, BFL=y bSU-CIEH 5300-5200 4
ISR e h g s i e itEahs. 2D LRIZSU-B

25 EJiWifs L, SUDDIRERKICEHDNS ZLh 5,

JE 2= v bSU-COHEFREAF-1E, K L5600 41l 2> &

8—10 tH AT (9 1200-1000 4F-1i) D & HIr X h 5 (S 6IX).

5.6 SU-D:8-10tH#BICHLE L 1-iREHEY
(EHI=y FOHEALEDE
JEF1=y FSU-DIZE, FH2.5 mfBEDEHL= b

T3-4 (J#/50.45 m), T4-5 (FF/F0.55 m), T5-3 (JF/5F0.25
m) & 56 < MR-k IE & U CEI T 5. f4 DikE
ARSI LR E 2R L, LI LIRS L b R ic i
INTWSE. ZONFIZIEZHI LV M) v TLZEDOIRRD
WHETRTHREESED N5, 20k il s
DXy b5, T3ML Y F T3, T4 ML Y F T4,
TS FL U F TR 1IERDENS

(2) HEFBIRES

SU-DI&, -tilr - E% (2004) ®°Nanayama et al. (2007) T
WG XNFRIC XK B4 XY MR & RIS, (1)1
BaREREELFS, ZONHICEZH VY MY v TLE
ORFOHTN A THRMEE 2D 5h, ) BHEDW
SRR 5900 mPA L2 > THMT AT L, (3) K
OB b=y I BV ETZ Eh 6, FHICkE4 XY
FEREMITH B EEFEAOND. T4 XY HEEDE B
L LT, TBHRIE TH 5SU-CH SIRRHERM TS 5
SU-ENDEEAR % 1 5 BRI O ZkiE, LiliEA (2018)
DU 72 & D & 8-101ACIZH Z - 2 E MO R4 T
12X BRI AR L T B ATREME DS & 5.

Q) HBER S LU

Lo UCHARIIEDER, T4 b L v FOM{LA (PK4-
120) 7 5, 33480-32530 cal BP DIEA R 6 N7z 28 (51
%, X)), ZoOFRMEIETTHHOERERL THS T,
JEgy 2= I SU-DOEEZEDHER G EAR S &1, SUD
X BRI OSU-EIZHENBB-TmT 7 5 D FHIZHiE T %
ZEen5, LillE 2 (001) OTSSIZHILE D, £/,
Nanayama (2020) (2 & - “CTHEBHERE Y 23 A 12 B X
7, ZOHTTSSIIEKEFEHEEMOGTSIICHILEh
7. GTS3 D4EARIZ1223-1039 cal BP& X #15 (Nanayama,
2020) Z & H 5, SU-DI8-10fHACIZHERE L 7= & Yl 5.

5.7 SU-E:ExE

(WEH1I=yY FOEAEDLE

JEF2 =y FSU-EIL, J@H21=y FT3-5, T4-645TS
b LY F DR EOTS-4 (BE52.6-3.5 m) IZ3 T 5 kR
~HEOPRREH» 5 5 5. SU-EET3-5 B)F0.6 m), T4-6
(FEJ50.7 m), T5-4 (F)F0.9 m) &b (BEfl) (2 ifh > T
PREL kB,

(2) HEFRIRIR

SU-EDHEREEREE1Z, BIAF & [6] U Phragmites australis (3
> ) —Calamagrostis langsdorffii (4 7 7 V) ¥ 2) FEED» 6
5 HREEHTH >z LRI T 5.

Q) HBEER B L UM

SU-ED H - EERIZ 2 R O MR D R S iR E e, Z
noiz-til - EY (2004) R°Nanayama ef al. (2007) THE
INAHWIZ K 54 XY MHERY & ERRIS, (1) B A
RERKEZHES, QZONMBIZEHILVY Y v TLE
DFBIOFN & /R THEREAE 580 5 h, Q) BEDWH
JEERA 5900 mPL B> Tl L THfiT 5 2 &5
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KAEPLE A XV OB R LR 7 FHEOBIE L ETEE (L)

DR 5, HRIZEZA NV MR TH D EEZ S
N5, BT 7 7 LR Oxt b~ 5, il
72 (2001) % & U'Nanayama et al. (2003) 12 & 5 JBfTf%E T
WX T B 17 E 12-13 S D EE A X > b HERS
¥ (GTS1 ¥ L U'GTS2 ; Nanayama, 2020) & A% & 5.

—7, SU-EDHE— LI HAE T 5 458 D KILKRE I
WTNE RS R, BEHEE R T O Mg % & RiRsE)
LR AR W2 26, KINEKICEERR S %
BT KIKEERD SRS, BEREMET 5L Y RO
FER &R KUK IZ DV, HIBIEAT O F )
b oG D 55, HMBEOEBIMIZKZ 57
LDEMMINTE S, SKILIKREOREIE S - L L(2006)
TRiI S M2z AR O KILIKRE EBELL TH 0, EA7
2 6 WfTalg T AWHEREY) (Ta-a, VI 17394F), Jtisi
B o Eec2 B T K HERTY (Ko-c2, VI 1694 4F), #Hib
R T K HEREY (Ta-b, VEIE 1667 4F), FHBEIL-/MBCk
(LK (B-Tm, VI 946 %947 -4 ; Oppenheimer et al.,
017N ICENEFNRILTE S,

Zh6D7 75 & FMNOSU-DOERD L, Brri=y
I SU-EDHERTFAUE, 8-10 TH#T (R 1200-1000 F-Fif) LIF%
o BTN D (FelX).

6. {LRER - #HEBEBEL S RI-EBEELEED
AEBIEE

JEF L=y b SU-AHRIZHIET % Mya arenaria oonogai
CF & 7 ) ehRESERE (2= 5 b T2-2:E)F0.1-0.2
m) #R< &, BFra=y FSU-BEMKT 2 La%ERE
i, RHKE L VB P ARV E LT, IR TR
EA30 emPh EISET B3RO HHFH D~ I+
(Crassostrea gigas ; KiIZ A, 1989) & Fik& L, ZDfh
WCNBA KRB EES BAER, AN ApEIRSREL 2
BMANBEEE R LTS, 22T, TIML Y FO
HE (IS5 m, @ E2.0m; HB7X), FEE@HS.S m, &
R 2ms B8 &, T2 MLV F O (IF2.5 m, & & 3.0
m) F6 K OT2 VY1 O FE HHH F HUD G0k (IF 0.8 m, /& & 1.8
m; SBIX) IZH 1 2REMll A B IS DWW, LhEHERE
DNERME & LI IZFE#T 5.

6.1 LAZEEREDERE

BELLNE A (2004) R ENNE2 2011) 12K 5, (LAEER
FIUZ BT 5 C gigasiZHEEH & H THLADFEIRIX 5 %
Z#EIZ, B, C gigast KO 2 Ao “HEOEH] (E
MU HBEIVIFERZRRERRLTRDINE S
7)), BIF - B - R OEAY, BHEE, MEikLE
EERLT, BL5HMRATHER I zEBDbNh56
4 4 T OEEIRE (mode of fossil occurrence) % FkAl L 72 (58
41X, Z10).

TR - BRTE (2000) 12 K % &, AR A Lo R, E
ST HERBHEPHIZ & & £ %Mt EN (allochthonous) TlFl

HH (indigenous) Z& FEIR &, Mk & T4 B S CHE
T % A/ TEAMHN (exotic) HLEERNEEF N B, L7z
Mo T, fMAETEELFENOEIREHWTE 2541
[ EAER ], RBP4 & [ A AN | & L TIX
T BZENEF LW, L L, AIFFE TS i2is
H TR EE L o &I U, A 3 A S 2 X L
WIAFRDERTHW 3.

Tk, WlRREISENET 2HAEDC. gigasid, fE0
RONEFP AR L 0 FicZE L, RIESR 2RI
BRI ED 0 REN B LZERTOT, LAk
DT NERRIEDM E 5 C. gigasDFBRED S D
EIOEREEGIHWTE 5.

2471 BE-#B4E
(1) ER

Bk v oL b REhiz, B L 2R E RS AR
DC. gigast—10 ¥AAAK» & 75 5 BRIREA IR F U gk
28y FIRICHAIET 2 BEMERE 2 4 7 Tak 55 (4
XA). HAHAEPENT 256855, 72, 447 1a
OFER AR T AR AT ICfE %, A2
MECEED B> WA NEEBLEEL CEEI D
((4XB) DT, Zhia &4 T Ibk$2(EE10K). #Rik
EAROREMIZ T L VEEER LW, HFROC. gigas
AR D IZHEE S L XBEHISEFICEBRIEL T D,
R REEfRR S WIS EE NS, HRIREAEKITR~ Y
(@5 25-15 cm) DfEE» 5 £ 5. 72, HIREAKORK
KU A L, BR30em, EIX30ecmiTH 5. HIRES
RO L TIRE L U 72 Bk O IR 28 LAiRE & D5
IZUEhTOB DML, INHEKRS KREUEAR IS
L7=) L — kI ($4V5, 1982a, b) 2o e R 6h
3 (55 4XA).

247113, MEL=y FSUBOEHLZ=y FTI-3D
TEB& B (b oftfaE 2= v FFB-d, FB-fIZHIE) 2
BEMIZIEATHEORRDENS. &k, 247 1b
ERTERE, TIML Yy FREOREHLI=y FTI-20D
TEB & 1 ({b4afEFB-a, FB-c) {2 & R A5 6 1 &
FTORGNS.

(2) e ERA

PE T 0 R IE (HUR A sk § 5 ) 1I2C. gigash
BAER BRIk EE O R A2 5 U TR LT 2 Z e TRk & h
72, Ny FROAFWRRFENZEDEELEND.
WEHARN R EETIZEHE L T 2C gigasDRIREAIK
DO—ERERNHIUZ K > THRIX I, ZOFTHAL 722
EILX DK ENZDTHAS.

2471 : EREHBEE
(1) ER

R L b EdRT, flod LRIk > 28
DC. gigasit B FIRRGELRICEERS], » 5 038R
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shell cluster
(type la)

QA

para-
autochthonous
shell cluster
(type Ib)

P

inner surface

within fossil bed b | &

shell orientation
(ventral side)

HIXK TL L Y FORMO Y H R EABOEEE 27 v F. BHA2L=y b (T1-1-T1-5), {tHAE 2=y I (FB-a—FB-g), 641

TOFERI (244 T T1-24FV) ZRL TS, )y FOKREX :50cmx50cm. (1)-(9): 7'V v FOFFES,
I8 I EBHEE, T2 mOEON L Y FNTIHRE S h72%000
WEHBEHAE L T30 T, S0 MEMNIZEATHS.

Photograph and sketch of the studied oyster fossil bed on the east surface of T1 trench showing lithology units (T1-1-T1-5), fossil bed

')y FOITHES, 4B : 55 4XBOYRRZHIH.

Fig.7

a—o ¢

units (FB-a-FB-g), six modes of fossil occurrences (Type I-Type VI). Length of a grid: 50 cm x 50 cm. (1)~(9): column number of grid,
a—o: row alphabet of grid, 4B: photographing range in Fig. 4B. The panoramic photo is somewhat geometrically distorted due to
some technical difficulty for combining several close-up images taken within a narrow trench with only two-meter width.

T BN, WOHAET B L ABANZIRAES 5

FERTH 5. HEAMEASHF L a6 T EATNS.

P, RilE LD 2 W IZICHE-# ISR 72 R
DALV, JEF—RIADH X 2 ATEEAELH D, &iT
HE e & A CALA) 1=, 5 TE & W0 (REA0) 1= L CRERA L
T2 EDONEHTH L. RIS, TIRETIE, HEixz
deizmg =itk s L v, 75, AR TERLESERTHE
VIRREDE DI HTHhTH S, HBZFHEEB LD, &
DHHES % FESHHB A T A JRICHHET 5. 44

TT&D L HBROERE E L, B E 20 (EE4X0).

SU-BDEE L=y FTI2 Vi (BBOILAE L=y
FB-b) IZRED 6 5.

(2 R ER

Pl % DT AUZ S T FHEOYIPER 7 HEEL A FE
AU, FHEE RS B L U kAN 2 D5 TR I
CHEREI L, KGR CHEENR & T E BRI L 8
IZZ DL THREIL, AL NSRS K S Iz pEIR
LEZOoND. ARlEk»Z V20, BEEE IR
BWEEZLND.

4470 - fhaEERER
(1) ER

—EB TR RAMBE A EAE T 2 RO E BRSO b g
12, C. gigasDEEFHMERRHE s A, W< 6 A 7Rk

— 154 —



KRB A X b OB ER DR LR 727 FHEOBHE & H0ER (LillEs)

Unit Ba
lithology | 82
fossil bed| £

S (seaward)

om (N 2 10 O (4) 20

®)

grid (column)

N (landward)

®) 30 (M @) 40 (10) 50 (1)

5

~ 5 grid (Ine)

N
o =

4(9]wv

1
2| |

SU-B

b [l(+) e
v
almu

1

SU-X|

Shiranuka 85
Formation

LEGEND

bouquet-like
autochthonous
shell cluster
(type la)

A

para-
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shell cluster
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inner surface
within fossil bed b
shell orientation
(ventral side)

Shiranuka Formation (trench floor)

F8X T1 b L v FOWNIEIDCrassostrea gigas (¥ ) LAEOERE 27 v F. J@HL=y b (T1-1-T1-5), {tAkEz2=v b
(FB-a-FB-g) 5 K U6 4 A TOERM (44 T 124 TV) &R F. 77V vy FOKREZ :50emx50cm. (1)-(9) : 7'V v

FDHES,

a—o

)y FOFES, 4H : FARHOBEHE. /S I BEIE TR UBMHTEATHS.

Fig. 8 Photograph and sketch of the studied oyster (Crassostrea gigas) fossil bed on the west surface of T1 trench showing lithology units
(T1-1-T1-5), fossil bed units (FB-a-FB-g), six modes of fossil occurrences (Type I-Type VI). Length of a grid: 50 cm x 50 cm. 4H:
photographing range in Fig. 4H. The panoramic photo is also distorted as in Fig. 7.
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Fig. 9 Photographs and sketch of the studied oyster fossil bed on the west surface of T2 trench. Shell-bed unit boundaries on outcrop
photograph (A), a silicon resin stripped sheet (B), its sketch (C) and the shell bed formative interpretation (D). The silicon resin sheet (B)
was taken from the area enclosed in a white broken-lined rectangle on A. Images of B and C are reversed for comparison with A. Length
of a grid in A: 50 cm x 50 cm. 4A-4F: the white dashed lines show photographing ranges in Fig. 4. Refer to Figs. 7 and 8 for other
legend on taphonomic properties of oyster shell beds. The interpretation (D) is based on all data from T1, T2 and other sections (Figs. 2, 5,

7 and 8).
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accumulated type S~ Y 9 currents

Allochthonous

Strong currents eroded and
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Fig. 10  Six modes of fossil occurrences (shell bed type) recognized on T1 and T2 trench walls.
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FLR2K TIBXOTI bV vy FORER A S FEM L 2RE\EN ZRAEESHLADOEE, 1-81X LOZ2r —L (2 cm), 9-111F1-8D

Fig. 12

2f5DH A ZTTFDO AT =L (1 em) I3, 613 LAFRITI-S4, 1113T3-S1,Z 1L DIAHITI-S3 kG 4E. [GST F18439 -
F18448] 13 BE MR A M2 E HERA ¥ v &4 — DERBHE 5.

1 : Crassostrea gigas (¥ 77 %) D /E5% [GSI F18439] 5 2 : Crassostrea gigas, 1 D& I, AMA A THMA G 7 [GST
F18439] ; 3 : Macoma incongrua (& X > 5 b)) D25k [GSI F18440] 5 4 : Trapezium liratum (%7 % F ¥ b~ Y H 1) ik
[GST F18441] ; 5 : Trapezium liratum®DJE5% [GSI F18442] ; 6 : Littorina squalida (T>)' %< F Y H ) [GSI F18443]; 7 :
Corbicula japonica (Y~ ¥ ) DJ5% [GST F18444] ; 8 : Ruditapes philippinarum (7 %)) D58 [GST F18445] 5 9 :
Mitrella burchardi (277 & 51~ Y &¥) [GSJ) F18446] ; 10 : Brachystomia bipyramidata (7 %% 5 27 FF L E N F) [GSJ
F18447] 5 11 : Decorifer insignis (2 X 7 7 1) [GSJ F18448].

Photographs of representative molluscan fossils from T1 and T3 trench sections. The upper (2 ¢cm) and lower (1 c¢m) scales for
1-8 and 9-11 specimens, respectively. 1-5, 7-10: sample horizon T1-S3; 6: T1-S4; 11: T3-S1. [GSJ F18439 — F18448]: specimen
registered number in Geological Survey of Japan.

1: Crassostrea gigas, left valve [GSJ F18439] ; 2: Crassostrea gigas, articulated valves of the same individual as 1 (posterior
lateral view, left: left valve, right: right valve) [GSJ F18439] ; 3: Macoma incongrua, left valve [GSJ F18440] ; 4: Trapezium
liratum, right valve [GSJ F18441] ; 5: Trapezium liratum, left valve [GSJ F18442] ; 6: Littorina squalida [GSJ F18443]; 7:
Corbicula japonica, left valve [GSJ F18444]; 8: Ruditapes philippinarum, left valve [GSJ F18445]; 9: Mitrella burchardi [GS]
F18446]; 10: Brachystomia bipyramidata [GSJ F18447]; 11: Decorifer insignis [GS] F18448].
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FIR B A X b OB ERED

C. gigasZ¥H-FEDB. bipyramidata (8.7-55.9 %) 7% <
T5. ZHIZZDREUEIZC. gigasHHEL TW=Z &I
HEkT2&E51615%.

WIMAEPEIR 2 RS BHE IO W TGS 5. IR &
A TVERTIEFL=y }SU-ADT2-2 GRRIT2-S1) ¥
23, RBEEICEATISA IR DM, arenaria oonogai (32.2 %)
REIDC. gigas (472 %) & ZWEA TS, ZORE
VAXREMIR % 7R3 C. japonica (13.7 %) R°P. amurensis (3.1
%ARLELROOEND, ZDOZLiF, TEH-TUKBREDIR
BICAEBTAHSHEEL S CTHER L 2B 2 RIE L T
W5,

FB-alg % (GRABIT1-S2) (2 & Jg BFiLIfi 12 P AT A & Fp OM.
arenaria oonogain % { ¥ b7z, T HIZIXP amurensis
(0.7-12.6 %) R°C. japonica (0.3-2.9 %) % O I&FIKTE &
GER T3, ZOZLiF, ZoRUETEIAREIZTE
FARBREOERENHEELE N, I o OMMMAERL 727]
HEMEARIEL T3,

FB-g GRFIT2-S3, T2-S4, T3-S2)JBHETIXC. gigas H
15.3-91.9 %, T liratum#3 6.2-35.3 %Ok % Ho 7z, T
liratum(3MEt U 722302 B W CRE NV S S, (]
YA ZOfthD B & 0 RIS E 28, FHERORF
SR IS, KOREFEINR T o220 LER
55,

DlEoigs», FEBEOAICIIER GV
Callithaca adamsi (> X ) A 7H V)2, pEREI A 4 71
D=y FSU-BHFEBD 71 v 7 ZFIFB-d (T1-S3) &

[l 4 (T1 O W) 2> 5 EEH L T3 DEH IS 5.

ZOEMOBFRIZIONTL, FR(72) ThN5.

7. BE

7.1 Crassostrea gigas{bt A B & DB EFE
HERERE R 2 DJEIExI, (bAD2 7+ I K EER
af L7223, WIREE(To) & b v v F Wi (T1-T4 + v
VF)THE L 2mAIE 22 m OC. gigas{b & HE (BF
2=y bPSU-B) i, THR.OSU-ALAEDET, HbiEkE%
HE L T 2Hh BT 2 Z L HIL - (BSK, &8
1K), Z OB RFOKIRE (LGM: last glacial
maximum ; 26.5-19 ka ; Clark et al., 2009) 2Bty & LT
TR E N1, MOSOBERZIZENDIS S > Tz 1B
PE2E. 51T, SU-BRUEIZMIR AR &I (R 1 :

FOX) #& L, To-1& AR & DOREATmA HTI, T2,

T3 b Ly FALIL(EE) HIZED > THEES TR ->Th
D, 6200 mOENZ 1.5 mPA EORHIED b - 72 Z &4
aiAaH S (ESH, H1X). &SI deflTidrbkke &
DRBHIZH Y 59 T LTEDOHMGIRWT 5 DL
ﬁéhé.nTh_Lfé,¢&<aé$%m0mtb
2o T ZDOWNAERIET 5 & I I KBUE L 7 T HEHF
L, ZNICHET BC gigas{bABEEEDREE X -
Z EAVHHRL 7z

WL A2 72 FREOBIE & R (LiliEs)

ETRUNS, SREOFERICENT, KBEELLH S
= fifE 23 i RR ‘c’.‘hti{ﬂlzkni’?ﬁn{‘ﬁﬁE@T &L DM
Mya arenaria oonogai (¥ * 7 51 4 ) WEHET 3135, 65
D Crassostrea gigas (¥ 71 %) # &g CE4XG ; SU-A
DT22)H AN 7ZEEIZDONWT, ERERAS. T22
&, BB L =& 502, Y A XD 7= &R 5-10

cm) B FEDM. arenaria oonogailp FEEEIZ AT H 5 W IR
%’ﬂy) SEHEL, C gigastyFRlER RGP AT ICHUE
5, 2ATVORERMZ/RY. & 5IZSU-BHEEKOL
FilE21=y bFB-aTiE, &Fd L IZEEFDM. arenaria
oonogai & C. gigas? IR TAT & 5 W IZR R ICR
EEET D 44 IVIOERZRT. WiESERORE
Tdh - THEBREBITREE T —RIOEH MR L T
W5 Z e, ERGAEEL T ERRT S,
FBE, M. arenaria oonogai, C. gigask 12, EAIKDW
I IERIZZER T A TH D, HFLTALNDLE
LD BN, HHmOFLITIREL S, ThbE, M arenaria
oonogaild M VTR 12 R < V% U CTINZE U (Goshima,
1982), ¥ jFARI I WA R YRR IS LW TA < AT
5. FRIIRH LT, C gigastd, K0 Ho ¥R IEE
I AIEAD S 5 (FRE;, 1984). LR ->T, R
B D _ENIZM. arenaria oonogai & C. gigasDE SR % &
DARY MEOICRRESHER L, 20O BRI FHESNF
FEL T2 83, EISE-> THERDE R EF D »
SEBHPIANCHERS L 7@ A R T LT & 5.

—1, C. gigas{taBHRETd 5SU-BIE, {LADEEIR
7 5FB-a’ HFB-gD 7DD 1= MIFEMTXE, fthd (»#
A TMBLOVI : FB-a, ¢, o) L HE-HEHE (24T 1 &
L<IZI : FB-b, d, f)FEIRZ = F 2810 cmDJFE & T3
M DR L, Z O Bt ERN L 1=y F (&
4 7V : FB-g) BE & 5 (§5-9, 11[X). iﬁﬁﬁéf
FTHRIREATA (2 4 7' 1a) 132 8HE (FB-d, FB-)IZiE®
ha. HEMEALEORYE(FB-b, d, 013, @E@Tuﬁ
HEDC. gigasift H % WIRE % FISHAE IR 1-3 : 59
[X) & LCC. gigasHHEIE - & UNEX IR ZI 2 8 ) %
LCH (oo =—1-3: BN BFEL T &
EREL TS, FFICFB-dOHEREHAIZIXC. gigash A s
EBZ 2L LIZHz>TY v —BIOKRKRESKREIZ
Y BHEESAL LT 7z,

FB-d, FB-f0HAREGHED Lifii3fl & 0 EIRD K = &
B4 KOS5 GEIX) 2 LTh b, RIZNUOKk
REAERBEAET 5 7 T LMMHE 2 KL T3 ¢
DEBEEINDG. —J), WIREGEKRPEARD LERA
RETUBEh T2 0, EREHERIEO 4 Ny b
DRFEOREIZE>TYUWE N2l L E2RBT 5. 5
5OMFUES, A NV MHERUE (4 NV FHERTE 3, 4 5
IX) Iz b TN 5.

A FEROFB-bIZ O Rl L (R b)) % o
72 DOHREL, Ly & RPBBICHREL 20 T, 5t
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P & PIBIZIA A > Tl E$ 2 O iU & - THAE
L, BEE) Arnicdsf L2140 2 IR0 EAEIRE W
Koo EEMEINLZZEERL TS (59,
1K), ZoREEIEMLERm2 CEoM) 24 LT3
TIVERDF (8) KJED & 4 7 TbpEdk (38 [X) 1Z, FB-bAS
PVERNZIZBAE A FHETH > 72BN A L R T % 5.
4w % C. gigas{t A% (FB-a, FB-c, FB-e, FB-g)
i, OB ER MR O LT & EAEO S A
T ML IRAET B EIR, C gigasBi Fr 2SR 12 B 45
TEHEERAEEHBE I NS Thbid, BETEICHE

U7z FHEABEEL - TR L, Z£RDC gigasD7k & Efi: -
S BT A LT —FOolhERET 54 R
VIMHERITH D (4 XY HERRE 14 2 I, 2D
ERIIREARY F(BEW, 3-5: HIX) 2RET 5.
FB-a &S DR BT 1A I GF 1 [X) 2 & 3R D 7
TENFHETH 505, BT TIO AR OLIEE L &4
M. arenaria oonogaiDE e & Z e E#KR &, 1F
PORER & R TRERERICKE RV IR 5 h
B, FB-b&REY BFB-cHEDR AN 3 1d 7 DMK
HIREHZET S L&, FB-ePFB-gitK & 0 IR EDOHUEA
MEnESiclbhs.

FB-d, FB-fOBHAFHED FIRIZM &L 0RO KZ %R
BH4BLIOCREHSAZELTHD, BED %22 THKE
HARRPHEILBARD L EYIM LT 5 GEIR). 2L
T, mEfia=y t OFB-gld THhiMD J FHERKE % K %
<HIDRAEWS GEIX) 22 LT3 H, ERIZFENE
TR (A XV P HERERE4) AR 5. 2 LT, %
O _EMCIISU-COTRHEREIEL > T D, 204
IR MAEEm6 A LTW5S BIR). Zhidx 2
F a7V - NOPRHEBEOHERE, KL T LA2Z & 2R L
TW3,

PlEo k51, SU-BOEALAREE, FIi23moh
FHEDEIK & 4D KGRA XV MKk D FHEDOHK
R A LR SRS OHERE S IR ISR D R Z
ETIEEENZZ L ERELTWS GEIN). Zhid®
i AR (1999) I kS, BALER L KR EnTE 5.

7.2 Crassostrea gigas{t AZEERB DB A h= X LEER
JE 2= v bSU-AN DM. arenaria oonogai & ¥ g %
SU-BND 4JZDMAENAEEBOIER A # =X 6L LT
3, IND3DDWEAREENS. T DEROHE{R ST
ELT, ZONKEOHIRIARIOBREL, A5 (1982)
BT 5 &5, BIffOo kS e hiz5 0 - VB8R
BTidka<, BEMO LS ITHRONAL, Lrs g
BIZh > T, ZOWPHFROFE P>z END.
BEZEENREH

WHEWHRIZ L 2 L WO IREETH 5. R BUEEIIC /7 +
HEDTER S, S AKUERT & 72 13RI A OB >
b b HGREAHERE U 7z, o I, BB RENE/D v

2, WHEEICRR L TRKELD, Z0%, Rk
HEBREICEE A2 T4 OWE YL P FUREIZED
N3, 3OS FHEER & AN D 5 FHEOWEEE - E L
25 L7/ N RIS IB L B S hi- LT 5
FHTH B (FHET-9X). L2 L, SU-AD 6 SU-BDOHERG
L 7249 7400-5600 £ [T 12 35 1) 2 A ENZ 51 5 — Mk 7
WKHEZEE) (B Z0E, WS, 2010) 2 FET 5 &, ZOK
B3O s & 20 LA EEMET T 5800,
2oL THE ZURHERHR O W U 24858 % 0
LWweEZENh5.

ZOWRBDOBEA, HUSY e b E2 VR 2 82 g i 45 B
SBT3 LRET D L, UTOLD GFHANTTEETSH
5. BlzZ YA E S 2217 OBE RMEIZK 5 T,
RFE12 mOEF#IZMEEEZICK > T E2D, %
NIZK > THFHENSE L 2 BEMENTER ST b
(Atwater et al., 2004). ST RIEWIFIZA SN BC. gigas
ASELEE U 72 H R e e TS bR BRI L, 7400 4F-Aif &
TSRS K > TNB AL L 721, #918004F D
fl, C gigasWMEBTERIZAF 7Y —» 6B TH
BIRAWN2Z E AR LTS B 1IX). ZHik, Ak
WHED X SIEANBNEERT 51372, BEFIC—
& T B CRA T 2BERMEIC K - TN 207
R L, C gigasDAH TE B8 TFEERE -
HBThH5.

IR

KIE BRI O RROHEIZ L 5 LW RFET
b5, BERWICHS L, ERHIONFEIFA—4—D
TR & > TR L 72 & S B FFNIH S T,
fHL, #97400-5600 £F-Hil | 36 HAT-VEIR 7 U I 2 Bk L
TEMOMEE EBBEIZOWT, E<LERP L WD, &
EUTHE L,

EXEBIRER

T-EEICHR T 2 ERHFIEOREIC L S & 5K
Thb. BMEREOC gigasfbtakgIZiE, T2AF 27 —
WRBIZBU @O EIEHEN, Thabb, 2H,
HAEE, BTG, EIE 72, WRADEA S R0
HMIEROZ, LKENLHIN TV EHRNEL D 5.
Bl 213, 20114F-3 H 11 H S5 R FrEn sz (Mwo.0)
CEBZREBWICE ST, WREERINHCENT, “S1
DA F 7 H A PTFEREIGROH S 2" & O A
5T 3 (KB, 2011).

C. gigas{t BB OBFEMBIZE L TiE, C gigas
TIREIN S TEBHEIZ, Macoma incongrua (& X &
Z b V), M. arenaria oonogai’s £ D NEE D LK D
f#, Corbicula japonica (¥ ¥ b ¥ ¥ 3), Potamocorbula
amurensis (X~ I X F H 4 ) D K 5 2 MK D 1 43 RATE
LTWB3Zen6, TAF 27 Y —NTHYTEE OB
RS EC TSRS h 5 E11X).

B X2m#%& B 2 ASU-BDC. gigasft B HEREIL, ¥
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KAEPLE A XV OB R LR 7 FHEOBIE L ETEE (L)

6900 - Hii 7* 5 5600 48 D 1300 4[], C. gigas& Wb &
U 2R RS IR SE O B L 22 e B TR BRI 3L
LTWAZEeERLTHSEEIK). X512, SU-AD
M. arenaria oonogaiBZ & (T2-2) & & 5 &, Bkl
HUSIZ A S HED TR & IR 8 72 DK 7400 F-RT D Z &
THhD, ZDH%, 5600405 TDK1800HC. gigasit.
LEEEIER ST 22 Lok b, ZORIZsENE
E, M. arenaria oonogai®® 71 %Wl %& Pelli. K - FEHER
EH B RBBRE A XY b AFEE L TR EARIE X h
2(FENKORHLI=y FT22 R E FESH DR B,
3-5). &7z, IhoORAEMMREIZI0FEHRE MR SN
5ZEn5, K9300-500F-fEIZFET B & XD HEE
SN BT EilEOBERHED RS (Ishizawa et al.,
2017 ; Nanayama, 2020) &l T& %. &7, Fujiwara
et al. (2000) 1%, FHRRFEHEBOTHRAERHIZ, LA
L aY v TR ESETE Y, B L 2 B
ERHRY T OB & &30 em®D ) kg (Type
C) %, 73004FEHINICFEAE U - IRt L IR L T %
Friz, FELTEABIFRERIC B 5 Type COREIREEIL,
4013 4 HECLHKE U 7= A LA B SR L L L T B R
HETH 5.

W, LOBFERROBEY» 6 B TEST 5. T1 b
LY F TR SN, mABIZ BT 2RI ED
TEpkFE GIRE, 2001) T & 5 Callithaca adamsi (L)X ) A
7)) OFEH (T1-S3 JgHE) 1, TEBHEDH TIREFID
EHTHD, C gigasibtEERBHIZHRORENIZL T
RO FFT 2 & e X T THHERST L 7= vIREME 2 e L
TWb. 7272L, ORI KB & o F i3 5E5E
L7-FB-d (T1-S3) T& 3 DT, HiXTELL = kM4
NV MOREUWL 3R LB Z N6, C adamsiZ TEIZHE
APEENZ, 20X D/ RA RV PEARENS.

&2 AT, HAOMEO AHALLIEOC. gigasfbfi
BHEEIZY, a4 - BAEC gigasfb AN UIX LITRE
» 5B HELIEA, 2004 5 Fan et al., 2006 ; &/)I1ED,
2011). B A0, SRYRILET o SR OO BT T AR T,
7 F HEDWEE & RAF U 72JENC. gigas{t A% g (2
6 m) HIZ 2 DA FE G A T D (BILE A,
2004), Zh A ZPIFOPIRRP WIS & o THHER L 7=
ARV MR & A Uz, —JF, WEEEEILEE O
KEghimFE OB KR TR EHMC. gigasit g & Db
W% 1T > 72Fan et al. (2006) Tid, JEIE 6 m DC. gigasit
ARG BR O ERBIC. gigashd DAFAE % i T
5. FERRPNBOY A ZI3RLE0, EH58BHICE
WTE, HFHEFRELS N BIHE) A XV b OLFEE & TG
LT3,

b Xz, EREC gigasDA A @R I3 S iy
RIS Z 5 7284 XV O B’MRE STV S A
Wnd s, Gk, ZOREHM»SOAREORE LA
DETHAS.

7.3 BEXRBIMLFORRERD» SET S W43
FEEZ BRI D O ELK

B RBOTHMORET, B, e, HEREENA»5
BEH (1998) O Tk % FH THEIE U 7 AE R ) 16 2 Bl ith st
(LUF, Wz shilhd) 28 BRISR. JKGTHRL 7
HEFERIARIT ARAIE T 2O A2 O TRV TV 5. K
BTHRE L) 7IE, HERHIHRIC R - T < BRI
IZAREZEEL TT005E75 %W L 7=,

INFE THIIACI T B 5Ehrtt i i e g (HML:
Holocene marine limit) {2, HEL D 34 mEMEISEL
T ABEMEAVRIE X T (IR, 1982). 2 AL
EUTRE(1982) 1%, TIREREIIC » 4% 1E 5 C. gigas
MAHEBT 3 KER, 03 mOEHIZH B LFHL T
UL, WADZ DM E & > T % Amemiya (1928) %
TAHNCHER L 728 2 A, BUZhR@Emi & RIKEfom T
X BIZHEAIZIR A 5 T BB ORI S & 0
THRANZZWZ EDAIRE N T2, Amemiya (1928)
D ZORME, FAEHIBIOEWE R B L OE SRR
JIGH T OBIZRKER ($EHPE19820) & & —FKT 5D T, LUF,
Z DIEHIZH DN TR A D 5.

2 Z TV EE 240 mE AL § 5 518, Ik
THEM & T 28 E SRR (2015 42019 4F) DK O
) D TFEEI13HY 1.4 m & DT (KRFF, 2020), BEHE
W7 TC. gigasDHEH TE IEFEIZ-0.7+07mTHh D, Ff
WA > T B OFV-0.7-0 mfAllZ » A
R IhRdnwZenpehs. B 5, WHbE
IZBEWGRED S SRR D20, La g BUED St
R0 mT b - 728558, MIEO VY& 13+0-+0.7
mEEILTE B I LITh 5. {HL, MR OMZENE
EERUEPE I PIFE,TREND, M—THBI L%
i L Cilkam &t 0 5.

2l O RBEF O K E, HMLIZ 5600 4F §if (2 £2 /5 2.1 mft
HIZH o722 e HB L7 XHICMBIZRRE %
&, HMLIZE, Z OIS FHEDOREE MK 5 AKX T &
5-0.7 mZAIE L 72855 2.1-2.8 mDRIZ & - 7z & fEE X
h3(EEI3X). 2o EEITERAFERFIZEN T
R AAE % 78 L T\ % (Nanayama, 2020). —/7, T5 b L
VFIZEWTE, 8- 10MHREHDGTS3 2 8725 LZE K
R R U 72 HiR1s, TURBREIY & MBI C 2 L
TWBZ ENFARNS GBESX). U HhE Mo i
ZENZK-T, ZOMWBEERPERLZZ L E2EKL T
W5, ZOBRENENES 4 XV M HEREY (GTS3) DF
RO &, HAAEES24micd 5 FE13K).

B3NS, EEEHE (EIE, 2013) & HURTA
(FE A, 2012) 12 B W THEIC S W =52 i im & 8) 4
Hied 5. 72770, Zh5F— 2 T AREREIZIER
B ohTidunin, Zhaikl TLigsir> &, D
TO2REMPHAMEE 72572,
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B3 1HIE & N2 TR B0 B et AR HE R, B & DB RE]
3B D Crassostrea gigas (v 7 %) 8 7 FHEAES IRADE B AKEEZZEL 72
B D+0.7 mZy O EE O IEZ /ARG, HEE L Y D EOFERIZH A
WA TR (FIE A, 2012), #OAREOIRIT)E R EHIE O W4
Bt (FEEIE A, 2013) £ 2N ZHR$. HML : Holocene marine limit. 75/
=y MEICEST LUARORRIE, ThEhoamiEe & HERFER
DFHERL T 5.

Fig. 13 Reconstructed Holocene relative sea-level curve around the Pashukurutou Lagoon
area. The up-pointing black arrows indicate the range of habitat water depth of
modern oyster (+0.7 m). The light orenge solid line indicates the Holocene sea level
curve in the Tokyo Bay area (Tanabe et al., 2012), and the light red line indicates
the sea level fluctuation curve in the Akkeshi Bay area (Shigeno ef al., 2013). HML:
Holocene marine limit. The color-coded square border for each stratigraphic unit
indicates the approximate elevation and sedimentary age range for each.
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Fig. 14

Ioki and Tanioka (2016) #5 & U'Nanayama (2020) %M U CTIEIE - M & 7=, Google Earthili{§ (R#E D )it -

Google, Image Landsat / Copernicus and 2018 ZENRIN, Data LDEO-Columbia, NSF, NOAA and Data SIO,
NOAA, US Navy, NGA, GEBCO) #XX & L THW /2. PSL : BENEik. 41 v o@o =Ml
WmAkLERT. ALy PROMBRET RO gy FONEERY. HAOMBIEEONEE R T,
HEDRHE TR L 7= # M T B TR R § 2 i E OS2 R 3 CE 1L K2R . Ha
DK TERIILA V) 23— OVEMTZ2Z & > THE U 72 H S 1IIRVE% & R B a2 4R C 220 2R
F. AREOIUFiZIoki and Tanioka (2016) D7R L 72T10NS model¥s & US25 modeli & 2 flitk 4 /4. 1
FEOFRFNIREVELE 7L (Sella et al., 2002) 12Xk 5 7L — + OEBHE 2789, ATL : #8EHGER, HMT :

H i 1l F .

Satellite image showing the relationship between epicenter area of an interplate earthquake in the Kuril suduction
zone and the Kuril forearc sliver (Kimura, 1986) modified after loki and Tanioka (2016) and Nanayama (2020).
PSL: Pashukurutou Lagoon. Google Earth image (© Google, Image Landsat / Copernicus and 2018 ZENRIN, Data
LDEO-Columbia, NSF, NOAA and Data SIO, NOAA, U.S. Navy, NGA, GEBCO) are used for the base map. PSL :

Pashukurutou Lagoon area. The orange triangle mark indicates the location of the main active volcano in Hokkaido.
The thin orange line indicates the position of the volcanic front of the Kuril arc. The thin yellow line indicates the
position of the trench. The ellipse of the white dashed line shows the rupture region of the trench earthquakes that
occur periodically in the Kuril subduction zone. See Fig. 1 in details. The thick yellow line indicates the reverse
fault zone in the western side of Hidaka Mountains and the western side of Shiranuka Hills caused by the westward
collision of the Kuril forearc sliver (Kimura, 1986). The red squares indicate the rupture region by the TION5 model
and S25 model (Ioki and Tanioka, 2016). White arrows indicate the velocity of plate movement according to the
REVEL model (Sella et al., 2002). ATL: Abashiri Tectonic Line, HMT: Hidaka Main Thrust.

0 mfEEFDELTENIZI2 mBED L TE# %
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3 & S ARE g T Iid A < Bk B m A B oA &
ALTW3,

(2) K F ARG H T OMISSeifg i B . (M1) D FE 5 13 60-65
miZ3E LT3 (Okumura, 1996). Z Of#iE, HIk
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(Okumura, 1996). K34 Hbusk i (OB P 0 5% 12
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I2& - THf £ Ty 5 (Nanayama, 2020).
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Satake et al., 2005 ; Toki and Tanioka, 2016) %, AL¥EEIC
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I ERRE I OHEEIL - A H AT A P EEEL TS
A, TEETNA VN — O AN 2 OMWEEIZ KL i
AT OV TIT B BB L THHEIT-> TV 5. i,
FA R 7 B H s C ARSI R DR 2 5 DB B A2 D D A,
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201148 H 10-15 H, AL s A T30 F O B 3k
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FLH5.
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FLHE Mg () — B (db) AN lid 4l L C R b % 17
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NAKAE Satoshi (2021) Geochemical composition and origin of mafic rocks of the Jurassic accretionary
complex in the North Kitakami Belt, the Kuji area, Iwate Prefecture, Northeast Japan. Bulletin of the
Geological Survey of Japan, vol. 72 (3), p. 173190, 8 figs, 1 table.

Abstract: For the purpose of understanding their origin, mafic rocks (basalt and dolerite) included in
the Jurassic accretionary complex in the North Kitakami Belt in the Kuji area, Iwate Prefecture, were
geochemically analyzed by using XRF and ICP-MS. In this belt, the Akka—Tanohata and Kuzumaki—
Kamaishi subbelts are distinguishable from one another by their oceanic rocks having clearly different
age, and the both are also subdivided into several formations. The mafic rocks in the Kuji area are mostly
distributed in the Sawayamagawa and Kassenba formations; the former belongs to the Akka—Tanohata
subbelt and the latter to the Kuzumaki—Kamaishi subbelt. As a result of the analysis, low FeO*/MgO
ratio (< 2.23) suggests that the mafic rocks of the Sawayamagawa Formation originated from relatively
undifferentiated basaltic magma. Most of the Sawayamagawa mafic rocks are displayed on the fields
of oceanic island basalt (OIB) and within-plate basalt (WPB) of various discrimination diagrams. The
basalt of the Kassenba Formation is considered to be derived from more differentiated basaltic magma
(FeO*/MgO ratio = 3.78) than the Sawayamagawa mafic rocks, and plots on some discrimination
diagrams indicate that OIB and WPB are the most suitable nominations for its origin, although they are
plotted on the fields of MORB and/or island arc basalt of another discrimination diagram due to high
Y concentration. The mafic rocks of both formations contain high concentrations of incompatible HFS
elements and light rare earth elements, closely resembling OIB patterns in the N-type MORB- and
chondrite-normalized diagrams.

Keywords: geochemical composition, mafic rock, Jurassic accretionary complex, North Kitakami Belt,
Kuji area, Iwate Prefecture
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Fig. 1 Index map of the North Kitakami Belt and geological map of the Kuji area
(a) Location of the North Kitakami Belt and its subdivision. A-T: Akka-Tanohata Subbelt, K-K: Kuzumaki-Kamaishi
Subbelt, H.F.: Hayachine Eastern Marginal Fault, I.T.L.: Iwaizumi Tectonic Line. (b) Geological brief map of the Kuji area
with localities of the analyzed rock samples. The map is based on Nakae ef al. (2021). Gr.: Group, Fm.: Formation.
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Fig. 2 Mafic rocks in the Kuji area

(a, b) Outcrop (a) and photomicrograph (b) of basalts of the Sawayamagawa Formation. (¢, d) Outcrop (c) and photomicrograph
(d) of dolerites of the Sawayamagawa Formation. (e, f) Outcrop (e) and photomicrograph (f) of basalts of the Kassenba Formation.
Microphotographs (b), (d) and (f) are respectively reused from the figures 3.15a, ¢ and 3.28a of Nakae et al. (2021). bst: basalt, mvc:
mafic volcaniclastic rock, cal: calcite, cpx: clinopyroxene, chl: chlorite, pl: plagioclase, ol: olivine. (b, d, f): open nicol.
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Fig. 3 Sample localities of mafic rocks in the Kuji area

The GSI map of the Geospatial Information Authority of Japan (http://maps.gsi.go.jp) is used for the base maps.
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Bk AEMIEA b RELL 7285 KBS O 28 RO ICHR K OB TCR O S HTHSR
FeO*I3&#k#FeO& LRI L72f. LONIMBNE. () IZMAKTOREA100%I2% % & 5 ISHEHE L 7M. nd.i&
et & %K.

Table 1 Whole rock major and trace element compositions of the analyzed mafic rock samples from the Kuji area
FeO* denotes total Fe as FeO. LOI: loss on ignition. Figures in parentheses represent the values that are recalculated to sum of 100 %.
n.d.: not detected.

Unit Sawayamagawa Fm. Kassenba Fm.
Location Uchimagi Kuzugata Kawamata Sawayama Seki
Sample no. RKS13-01 RKS14-01 RKS15-01 RKS16-01 RKS09-01b
Rock basalt basalt dolerite dolerite basalt
XRF major elements (in wt%)
SiO2 49.91 (50.83) 50.93 (51.43) 38.31 (42.77) 43.85 (48.84) 46.26 (49.69)
TiO2 2.77 (2.82) 2.95 (2.98) 2.52 (2.81) 1.70 (1.90) 2.59 (2.79)
Al203 16.07 (16.36) 14.86 (15.00) 9.56 (10.68) 12.86 (14.32) 16.67 (17.91)
FeO* 10.31 (10.51) 11.59 (11.70) 12.70 (14.18) 13.40 (14.93) 8.99 (9.66)
MnO 0.11 (0.11) 0.17 (0.17) 0.27 (0.31) 0.50 (0.56) 0.12 (0.13)
MgO 6.08 (6.19) 5.20 (5.25) 14.43 (16.11) 8.61 (9.59) 2.38 (2.56)
CaO 6.49 (6.61) 8.21 (8.29) 11.36 (12.68) 6.18 (6.89) 8.60 (9.24)
Na20 4.20 (4.27) 4.20 (4.24) 0.11 (0.12) 1.92 (2.14) 0.72 (0.78)
K20 2.13 (2.17) 0.69 (0.70) 0.05 (0.06) 0.58 (0.65) 5.78 (6.21)
P20s 0.12 (0.12) 0.23 (0.23) 0.26 (0.29) 0.16 (0.18) 0.97 (1.05)
H20+ 1.86 1.43 7.94 7.95 8.61
Total 100.05 (100.00) 100.46 (100.00) 97.51 (100.00) 97.71 (100.00) 101.69 (100.00)
LOI 0.71 0.14 6.52 6.46 7.61
ICP-MS trace elements (in ppm)
Li 30.2 21.8 37.4 75.2 54.1
Be 1.8 1.5 1.1 0.7 1.8
B n.d. n.d. n.d. n.d. n.d.
Sc 30.9 31.7 32.7 38.1 254
\Y% 318 378 353 530 226
Cr 33 29 2364 1184 275
Co 38 61 80 95 39
Cu 78 44 157 50 18
Zn 101 106 156 251 459
Ga 22.1 22.2 17.1 16.8 21.7
Ge 1.57 2.73 1.76 1.89 1.53
Rb 43.2 21.7 0.5 27.8 112.2
Sr 579.0 649.7 168.5 284.6 153.0
Y 31 39 25 24 62
Zr 243.8 248.5 200.7 106.6 264.9
Nb 48.86 47.40 32.98 13.40 51.82
Ru n.d. n.d. n.d. n.d. n.d.
Rh 0.79 0.74 0.61 0.62 0.30
Pd 14.24 18.46 10.29 10.80 21.87
Cd 0.14 0.13 0.13 0.08 0.15
Sn 2.54 2.63 1.99 1.08 2.35
Cs 1.664 2.336 0.135 2.868 5.273
Ba 118 139 2 26 333
La 30.36 30.41 21.68 9.17 39.36
Ce 67.79 70.00 50.87 23.15 75.46
Pr 8.67 9.12 6.57 3.16 9.80
Nd 35.0 37.8 27.8 14.7 39.3
Sm 7.73 8.21 6.22 3.60 8.61
Eu 2.557 3.034 2.197 1.300 2.541
Gd 7.10 7.94 5.73 4.03 8.82
Tb 1.077 1.191 0.841 0.693 1.382
Dy 5.81 6.55 4.71 3.99 7.86
Ho 1.111 1.292 0.857 0.805 1.642
Er 2.84 3.38 2.22 2.37 4.80
Tm 0.34 0.38 0.24 0.27 0.60
Yb 2.27 2.48 1.68 1.89 4.06
Lu 0.316 0.329 0.237 0.269 0.612
Hf 4.9 5.8 4.0 2.5 5.5
Ta 2.892 2.999 1.934 0.728 3.002
W 0.3 137.5 0.4 0.3 0.5
Os n.d. n.d. n.d. n.d. n.d.
Ir 0.19 0.15 0.24 0.05 0.13
Pt n.d. n.d. n.d. n.d. n.d.
Au n.d. n.d. n.d. n.d. n.d.
Pb 1.8 1.4 1.0 2.5 2.0
Th 3.10 3.28 2.24 0.90 3.77
U 0.624 0.613 0.466 0.230 1.068
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Fig4 Rock classification for mafic rocks of the analyzed samples from the Kuji area

(a) Total alkali-silica (TAS) diagram (Le Bas and Streckeisen, 1991). Boundary line between alkalic and subalkalic is referred from
MacDonald and Katsura (1964). (b) Immobile element TAS diagram (Pearce, 1996). Boundary between alkalic and subalkalic (Nb/Y

=0.67) is referred from Winchester and Floyd (1977).

HIZHHEI NP L T4 b (RKS15-01) i3Si0, & &= A3
Al W EE (B 4Xa) & B H, Immobile element
TASH TIEFTEE T b 2 DA VR & IZIFFRB DO Ze/Ti
WAERT (@E4Xb). 22020 &3, ik-2EiIc k-
THHEEDSIOETIH ) TRIBE L 72 Z & &Rk
TH5LDTH 5.

5.2 XERSTREEE

FeO*/MgOMIZ x4 % & FER e (1) o &HF
B EF SRR (FeO*id &8k #FeO& LTEIE L
7-Ml). % ¥, Si0, EFeO*DEALKIZRENSE AL T
LAY RHIE Y VT A RN S AER % 55 5 5
B 6 CICTIO,DZEALKIZ 364 B fHIgIE, ZhZh
Miyashiro (1974) & JEEEIZ 2> (1985) 1235 <.

RNz, TREE FL 54 M3Hicsiosd
EAZ L, TRA RKSI3-01, RKS14-01) T50.83 ~
51.43 wt%, KL 54 b (RKS15-01, RKS16-01) Tk D4
< 4277 ~ 48.84 wt% & 8 1), HEE 2 6 BEPE D
HUKREIRIZ 5 5. £ 72, FeO*/MgOIbi0.88 ~ 2.23 D
HickhzdZenrs, WBHRSLAMHKTHEEE A
3. UL T4 bRIITIEFeO*/MgOLD B K IZ X} L Sio,
BHEN S DRML 50028 (Miyashiro, 1974) &
LTETFONEA, ZAE FLI4 bosSio, FARIE
FeO*/MgOtL A FRED BNHIPIZ I TEHE ¥ 2 I

5. 51T, YL T4 FRIIOFEHE L TTiO, & FeO*
DEAR LN 5 (Miyashiro, 1974) ZE H5HR TV
35, TiO, HHEICPRPEIMEN SR 613 DD, 4
ISR A & X512 Z O A BMAPIZGED 5h b &

BEWEW, ZheoZen»s, RIUNEO®SES
MBI T LE Y LT A MEJHTH 5 L WiE T L.
TiO, A 813 1.90 ~ 2.98 wit% TrHhduiisE % it (MORB)

TR &K DN EE & D, FEEIE A (1985) 12 &

iR YRS (OIB) fHIkNIC R R & h 5. Zhig, &
MERAE (IAB) & LR U 72358, — MRS e - HiEs
DOEREIITIONIE A, X 5IZFeO*/MgObD K IZ ¥
I TiO, A BEDOHMAMORBX DOIBO i3k EL 55

(Wilson, 1989) Z &2 W T3, TiO, & & HALO;,
FeO*, P,0s DEA BIZFARHHE TRTED L A M < Ty —
T TTP,0s % i & £\ Vil (ALO; = 10.68 ~ 16.36 wt%, FeO*
=10.51 ~ 14.93 wt%, P,Os = 0.12 ~ 0.29 wt%) Z /"3 D
XL, ZOMORS TR & D IAH A ERT. FeO¥/
MO A/NE WL 54 b3 FE & iR L T, MnO
(0.31 ~ 0.56 wt%) &MgO (9.59 ~ 16.11 wt%) DEH &A
% < ALO; RN, O CHRENRRR D AL & b ETE RS
(72771, MnO:Na,ORREEDOWETHE 28> T3

WHEMER B B). 7z, Si0, FHHE (42.77 ~ 48.84 wt%)

EFe0*/MgOJ (0.88 ~ 1.56) 7ML < T HUUTHIE L TMgO
GHENLL 525 2 83, EEHUER OB & 3R
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Variation diagrams of major oxides against FeO*/MgO for the analyzed mafic rock samples from the Kuji area

Boundaries between calcalkalic and tholeiitic series in panels for SiO, vs. FeO*/MgO and FeO* vs. FeO*/MgO, and

tectonic fields in panel for TiO, vs. FeO*/MgO are respectively referred from Miyashiro (1974) and Shuto ef al. (1985).
IAT: island arc tholeiite, MORB: mid-oceanic ridge basalt, OIB: oceanic island basalt.
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MERRTHEEFA 5.

AR L (RKS09-01a) T, Si0, & A &1 49.69
wt% T $HE OMBR RN IC 2R & h, 2 RILIE
DODERE - FL I 4 b XD EWFeO*/MgOL (3.78) 7R
9. Z DFeO*/MgOLbid A 28 W MgO & A & (2.56 wit%) 12
kL h, K0MLL7-BRETHE L2 E£T.
TiO, L CaODEHEIZRIWINBLZRE - FLI4 &R
FROHFPHIZ & D PHFE 222 RSN, £ 72Si0, FeO*,
MnOTIIRIIE LR S L AR EERERT. &5
IZALOs B AR (17.91 wi%) IZ#H T L @7 3 F Bk
DK (ALO; > 16.5 wt¥%) IZ&R S B1EH, K0 (6.21
wt%) & P,0s (1.05 wt%) DEAEH#H L < LR ERT.

5.3 WMETHRER

FOXIZ, FeO*/MgOLLIZ /¥ 2 fm It RIRE DAL
KAERTH, ZThZhOWMEILRRBEICOWTUIHIE
B0,
FUIETIHEB TR TH 5Cri b0 T, TRED29
~33ppmiIKL FL T4 T1,184 ~ 2,364 ppm& S
FLLBWIREAZTR LB EV RO 6N 5. £ /2L,
V, Co, ZnxET%, FLIA4 FOAFBOR0EIRE & Xk
MR H 5. I &IFHBRMIZNL T4 FOHIRR
RE&D, 4+ Vv EENKEWICE (LILE) TH BRb, Sr,
Bak, Th, Nb, Zr, Y, YbZ &K =1\ JCHK (HFSE)
IZZ UWEANZH 5. —%19IZ, MORBIZHHEE R EIL
DEREE & DIKOLILERE % £5D (Wilson, 1989) Z & A
5, FLvI4 bOMKOLILERE IEMORBY 25 48 & /R
T35, L2L#kdT 35 &5, LILERAL - 282 &
BIREENSREN-DOMBT L EMORBI L ITE A &,
iz U RIWNNESE S E A Ak & LT, FeO*/MgO
oKk EHIZTh s ORNEA IR 5 Rt (IE
DIEE) &R

AR U (RKS09-01a) THEIR LI kB o &
Wi se, ZREE PV T4 eI A4 RT
CriRfE (275 ppm), & 512V FeO*/MgOLt (3.78) L {Ku
VIRE 226 ppm), B EDFHEBRR OGNS, REAITLHET
13Sr&FRE Th, Nb, Zr CIRE 23 TEVIEA, Rb, Ba, Y,
YbiZF W T 1.5 ~ 25 T8 O SR & /R 3 9 s A
bh5B.

5.4 EHEADHHIX

BAICEENZILHEITZ ORI - ZEICKk > THHT
38 DNZ0. ABMBROFEGBE ARV TY, 7
AAVITEEIN S HZHEEBB L -2 L BNFEAR1 SR EH
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MR LEENZ A5 T % (Bl A1E, Cann, 1970 ;
Hart et al, 1974 ; Pearce, 1975). #t-T, HFSE#% H\ 7z
HERALZ AR AR 2 2 &%, #EEAE OB
BEWET SIS0 CEAMEFETHS. LITIC,
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TLROME & TR T 5 (FBTIX).
TiO,~MnO-P,05 X (45 7[Xa) 12 5> TiE, RILJIEXR
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4 b (OIT) DFEHIKIZF R E NS DIZxL, FLIA4 12
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DMnO% & ¥ 72 3 YL X iU (MORB) %> 6 Bl v
L7 A4 N (AT) OFIRIZHE D, F-68BROLRE 1
BHRKS09-012) DAAFE L K BP0 &HRD 7201
WEER 7 7 ) KRGS (01A) DFEKICER REh 5. OF
D, ZHEERREICOBTI/RE L 572 TiZe-Y
X (7 Xb) Ti&, RILNNEOMPESETH T L — b
WX (WPB) DFHIRICER T2 DI L, AikERES
RS IEMORBD 5 WIKIATOREIR & 7L 27 7L 7 ) KRk
A (CAB) HIROBEAHEICFR RN E NS, & 5IINb-Zr-Y
X (55 7[XIc) Tl&, E-type MORBREIKIZ & EN S FL T4
M 1R RKS16-01) &< &, R & A¥kG R o
PEHITL — PO T LA ) Bk (WPAB) &V L 7
4 b (WPTB) 125 B RHIRIc R S h b,
ZhS3D2DHHKAZEU T, AZBHIRIZI T 578k
BAMB O & RBRE 24 5 &, RO &
IR E NS, FTRIINEORHAE RS L, OIT
IR IC & T 52500 (55 71Xla) A'WPB & 5 W IZWPAB
+ WPTB (5 7[Xb, ¢) DFEIkIZEREh 5. ZORRI,
IS DA T L — P NOKBIEENZHK U 72 & R
TEZHT—HRL TS, FLI4 MZOWTEREBRIS,
L — b NKERIE R & O WPB°WPAB (55 7 Xb,
¢) & BT F DB %E 52T 72E-type MORB (55 7 Xlc) DM
AR EN 5D, TiO-MnO-P,0:[X (7Kla) T Zh
5 &< B 2 IuHR Bl E 2 OB L&
LT3, ZOMEIZHLTIE, FL 4 bafioiRe
KOS 222 OMnOEH & (031 wt%, 0.56 wt% : &
5@ DMnO-FeO*/MgOX % B®) 2 +55H, ZD7z¥TiO-
MnO-P,0; X1 5 1) TMnOM 53 1 13 - 72 IATHHIIZ &
MENBZETHHTE S, X HICAWKGRARSE T,
7L — NKEEE) (OTATESK : 28 7Xlak WPAB + WPTB
FEIK BT Kle) B E DA E £ B, 2D EIETi-Zr-Y
X (8 7[Xb) 12 i3k X g, HhJufEsE (MORB) & %403
S5 (IAT + CAB) 7 VA& % F5 > 72 kg8 2R 3. 2
DFIE LR, AEEEIARE O ED 15
~2EREERBVWIRE 2O Z & FelX) ISR 5 &
Ziobhb.

5.5 WMEXTRDORELER

A B O 1 A OBHZ D W TR I A Bk (L 2
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Fig. 6 Variation diagrams of trace elements against FeO*/MgO for the analyzed mafic rock samples from the Kuji area
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Fig. 7 Discrimination diagrams for the analyzed mafic rock samples from the Kuji area
(a) TiO,-MnO-P,0; diagram after Mullen (1983). (b) Ti-Zr-Y diagram after Pearce and Cann (1973). (c) Nb—Zr—Y diagram after

Meschede (1986).

FWVWEELZOLND D INEEBRIL, HFSEZ W 5.

ZD S5, HEOLEM L S TS D EOIEIZ TR A B
B9 % (Pearce, 1983). =& LHEHETEDI Y FIF4
B (558 [XIb) 1246 W T, B A S i) ¢ A A
VAEDMEINE LS 5B &S, EEGHENCZ N E R
fi TJEOCH (LREE) & #HA 1JHIL ¥ (HREE) % Bl ¥ %
(Masuda, 1962 ; Coryell et al., 1963). Zti5, MI&LIC
FH 3 7=N-type MORB& T~ F 7 4 [ OfEiiZ4>TSun and
McDonough (1989) {Z55< .

HFSE & 75 HHECROMABIZ, ®ICERIZD Xk T2
~ SEERRE OREZE AR T (~HOTLREERL) », B
R E (AR NI G AR NS TR RYA ¥ (1Y : SN i i 8
o7z,

N-type MORBHUSALIX] (55 8 [Xla) (2550 T, RN
JIkG - AR OW B I HEL THR O h 2R e L
T, HAZRRME (B s BRE) 35 8 OONbIZH R
WAL, FLI4 M CIETIA R R (55 E 5
W) THIENEFONS. NbETUZHEE AN A WD
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Fig. 8

N-type MORB- and chondrite-normalized trace element patterns for the analyzed mafic rock samples from the Kuji area

(a, ¢) N-type MORB-normalized incompatible element patterns. (b, d) Chondrite-normalized rare earth element patterns. Both normalized
values, and compositions of N-type MORB, E-type MORB and OIB are after Sun and McDonough (1989). Order of immobile and rare
earth elements is referred from Pearce (1983), Masuda (1962) and Coryell et al. (1963). MORB: mid-oceanic ridge basalt, OIB: oceanic

island basalt.
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12 h A 1E A2 (1999) 12, AL 2ERRE (B AT - Pl o)
EFRTFHADE LR O TS RICE D &, WIlIFE
DEHEEIEREL THhWEL ZhERETH B &
kT L, 7L — P KBEIEENC RS 2SOV )
JRETHDBZ L EMR L. —F, WA T
ARG SR N [T 2 WA Ic 20w Tid, =i - A
¥ (2001) 72 5 CUZAKIAIE A (2010) 12 & > THgEL - WEEE
WCHKRT BT A ) EHRERT YL TA P THB I LN
&2z X 7.

F+BE D (1999) 23347 U 7= ACEBAL b o g 1213,
AFHIRNORILNEE 2> 5 BRI L 72 83kt & Eh Tk
D, ZNHIEARIFRRE D8 (RKS15-01, RKS16-01)
25 HIRIPEWETH 5. ThDIkE, il giR 4 (F
[ EAaR L3 5.

ARBTIILINIZ, AR O SE S 12D\ TR
THOWZRB & LB OSHHE A i L, 7Dk
WEIOERERHRIZOVWTEERT S, SBFE4N» S
FESXE TIZ, ERRBOMKERL 7.

6.1 EHHEADER

RIWIE

ARIFZETHE U220 E A 3 1 a0k 2 B & R L1 g A
SHMLZZEDTHD. ZhEFTlBNLL I I LY
M IZED < &, RILNESESEA 3 (DA A LIk

3810, DIRDN LD B B & BB B L~ R
T, YVLT7A MEDIRBBZ S 2L DD 77 ) BT
DA E L (554X), (2) KW FeO*/MgOtL & iy
MgO&EH R b IR AL s KRB E ~ 7 < ICHK

L7z & R &4, MORBIZ AR IZTIONT & T (5
5K LI EB AR, X512, B)PEYIZZLLTiE
NbiZE &0 Z & 2 5 HERAL E R FIFIX (35 7 X)) TIlE 2 < 28
TV — PALKREOHIRICEK RN EN B2 TERL, (@)
N-type MORBZ 5 TN ¥ F 54 Mz X BB LX T
HFSE & LREEZSBHE IR 5 /i L3 ) O3kt 52
WEND(E8Xa, b) ZEH5, WESL — FNDWE
BERFEE T A0REIREINSE, LALERS, (5)
FL 74 MEIREE &0 A afdlin g R4 & 1R
BHZ DO TR RPMORB A 2R L Th D, ZDZ
CFHSALNZ BT, ARSI HDRITG<,  faR}
2N EWE-type MORBO M AibkRICHHBPIL T b Z b &
BAENTH B.

FHE I TEED S BSio, AR, AW D 55 ik
(42.77 ~ 51.43 wt% ; #H4X) & LR o3 i (oK
PR T & 7398 ~ 51.4 wt%) & DRI TIE K & 7251 M
<, RIEE—FWHIZE 3. L2408, vrvDil
TEHIZ 31T 2 H8EEE L TH W 5 3Fe0*/MgOLIZ# L
KHEA25CEESK). D%, KUFZEORMLIEEZE A
0.88 ~ 223 (XA =170 ~223, FL 54 k=088~
1.56) ThH B DIZx L, itk Tid1.86 ~ 8.99 (HRE
=3.82~2899, BNV =1.86~2.95: L&IF5(1999)
DTable 1 KDEF) L&D, WHoicEMiEEE 5. L
AED (1999) THW 5 I 72MgO/(MgO + FeO*) L & [F U
27D LIEETH 5D T, TR THIERLTATY,
KIF7EaR (=031 ~ 0.53) & AR (=010 ~ 035) D
BIZKELENGFHETHHT, RABROBRER 72 B
&&ggﬂﬁmﬁﬁkaﬁvﬁﬁ,mmRLii%%M
BED BN GRIRIE A, 2010) 7 & AR E I 0 8 ¢k
BA R A B o JAH B 2 S AE 9 A LI E A o
WEVEUE (R BED, 1999) 1251 BFeO*/MgOLb % 7 %
&, KEDOFRBHT LA & 0 AT NMET S
(0.90 ~ 2.14 : =3 - 4%, 2001 ; 1.94 ~ 3.67 : KIAIEHD,
20105 0.42 ~ 4.01 : L&IEH, 1999). f-TIhb %
W 2 &, LaalrhathEtr & 0 B S 212 5L AT
LW A TH D RN TE 3,

Tz TR WEEERAE & &, KifER
BHZEARP,O; SR EA B L T4 ~5EL V0 EHESK) Z &
25, HEERAL 22893 311X (TiO~MnO-P,0s [X] : 457 Xla)
TOIT/OIABE R~ OIATEISIZ R R S h b, =i H|5l
X (5 7Kb, ¢) T, T — FANKREEICHK T XK
AR (WPB & WPAB + WPTB) Th 5 Z EA/RE 5
2, AR L DYIRE A2 ~ 3f5E V220 RlA
AR (EB 6 X)) 137 L — F NREVE > b Sbn 7=l (MORB
+ IAT + CAB® %\ MZE-type MORB) IZ& £ 5. Zhb
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ARG 35 1 B ALERAL LA v SR EUA DAL & i (FhiT)

DA% N-type MORBHUKALIX (B 8[Xlc) TR S &, filik
DEWYRSE 28T 8 DO, HFSERR AR E L ThoiR
B FRRDE 230 Do fikk AR L, SR 2 OIBD
AARRRICEEHT 2 EAHELTH S, £z, K%
AEH(FL 74 P 1R ERLS) LKL T, zr (Hf) 22
HOHAKER K OE, Tm, ToAERZX, OmENITAH
WISEEBIL T % (558K, o). & 512, EailBTid
IRTEL VFID AT H %5, AWEAE DN X WHFSE (Y,
Er, Tm, Yb’% &) ¥ HREEA % #1Z NN-type MORBHEIK
L& 3> F I 4 PSRN oW TR IRE T 5 5
BAERT D, BERIITAIFZE O & B 22 01B I FH I
T 50k %EH T % (GE8Xd).

Z O &S ISR B S O % DR CId b 5 1%
JER T 5 7ALERIR & H > T B A, &k e LTl
LA ICEEEZ O LR IS, BB LRIZHN TS
AR i 5 &, B TEARBIO AR I
W AATEZEnb2 5 (5E8K). % D3*%IFN-type
MORBH UL Tl & Z2 ~ 8f%, 2 F 54 MHKIL
KTh&Z15~5F2kh%. D%, MEEAEORIK
SR E Y 72 OIS ERIIZ BT, LaE
DHNEDFRENMEL, REATENID L IREL
WRTH B LR TE S,

CHIZE

B RE TIE, 13RO XA (RKS09-01a) (251 %
LR DO RIS i e 5 5. Bdo
&£ 912, (1) Immobile element TASIX| TR % & H$/E T
T ) ZEE OMKHIRIZ A D (554Xb), (2) HhERAL
ZEHBIXIC B TIE, EWYERE GBelX) 2 KM LT
MORBZ W U ISl XU i (IAT + CAB) ICRR &
% (B7Xb) & DD, fMOX (EET7 X, o) TETL— A
DS LA (OIAL WPAB + WPTB) Td 5 Z & AR
XNB. X 52(3) N-type MORBAESZAY F T4 |
12 X% B HRBALIXITIX, HFSE& LREED BRI A LA D
W ERT 20 A RO NS (558 Kla, b). ZThod
RO &, AR IRE L EET L — D
HEErRFEET2LFEL6N1 5.

AP & 2PN OFE B S & DB 50T,
K,0 & P,0; SO F B /3 TLR G RITITIAE 22513 i
5NLVH, FeO*/MgOAEH TEL, &bl =%
RETHBZLHIREND (FSK). £/, FEAGED
/NXWHFSE (Y, Er, Tm, YbZs &) & HREED A& fE 43
G BB ETEHETRA S, ZofEmE, Laikrice i’
ENBFHATH 5.

6.2 EHEADIMIRE

HPE S FAROTRILIIEIZZ O EAIZsWT, Ak
EEOLRGBSICEHDN S, WHEOMIZIE, XiE
7 EPREECS R T, X HICIERIKE SV LA
HeaH b KRR SRR 2 PRIt Y 51 5

(KA, 1974 5 KIRIEA>, 2008). L#51E A (1999) T
=&, RINEEEEE 2 7V — b KRS
BCHR T AMESRAEE FIRE T2 2 L h, K%
T A LA ORI 5B T i r-.

RN B S DO TERIIZ B U T3 A A 2
BT, ZhCHIET 2 RIkGaaH - Atky» 5 hERE
MR 5 AKERIBMAY DY I 2 - TR EDME
HE (A, 1974) 3d 55, FEAllA HVE BHRIS A ©
b3, —F, RRBAKEIZONTIELIRE &9,
B < 2 5 AER(1954) R 5 EIE A (1970) £ IS K B4~
T-Z2MavbR=F -9 3I2)HEDLADENBH
5N T3 &4LiZ, Epigondolella primitia=° Epigondolella
abneptis’s E#gtra /) F v MUABESIE S (&
JFIZE 2, 1980 5 SHHIEA2, 1987). ZTh b DL EREHER
Theh, —BRA—=7vBLEEE =) 7 VRETER
—HER (Krystyn et al., 2009) & Rz Xh 3.

a7 Py b ERLS FEROAIIEEEMTHE T L h
SAKEE, MREOUAMNL < 1228 U 22 LTHE R
WHEEREOY Y TP 626 S hizeEL LN 5,
5T, A &R & B VB DORIR (O
HE) LN A2 &I X 1B 4IRS DTERE O B
BRI TH D, P Ld =BRoPEIZIZT TICH
HRBE L TORINEIER SN Tz Liam S hd.

BWIHEIE, Fr— P eWEEIRE L INS Ik
THHEJEE - Vv VEIE 2> SRR E (2R, 1974),
INERTHOF v — b LT HICRET ZHATS - ¥
U NEYeS - WENEET S RS A 3T (F v —
PRS2 2V A)DEDIRL BB T % (RIAIE
7, 2008). AKEDOHFIEIBHEDOE Z A28 HMbhT
Wi, XA O@E D, SEGEOTIRE 4§
F v — POE FI/MIBERE UTRBL, BERNDO
7= OEBEN L BRIEMHEE SN TH0D, EiboF v — b
WEEY - 2V ADRRICHNET 6D LS h
5. EEFEUEBHREI CH 5 F v — MIEHZIIES 2 L
16, LREDRFEE L CMORBI MRS % A4 % i
WRZDEDTH /=R HETEL V. ULk
N6, ALK O 6 7L — b ARIEEI R
HaRooEhEIRaodke LT, AKEEE<E&
EFHRNWI L EZET S L, THIBMBIIZENE U MBS
Tid 7 < BB/ NS WL EBET 5 HREY &
Ziohb.

BRSO IEHICB L T, AR
D F ¥ — b » & Neogondolella bulgarica, Neogondolella
polygnathiformis, Xaniognathus tortilis, Neohindeodella
aequiramosa, Neohindeodella suevicals £, =B8R T =
VTV~ T T4 =T VWL, =) T VR ERT
I/ Py MEADIES, ZBRA VA FT VRIS
&+ % Neospathodus homeri®D e 3 s & 7z (BRI
22, 1980). & SRR TIE, ~L o R B RE
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MNREE NS T/ F Y MufA (BEIES, 1980) °, ~L
LR 5 ZBRE FEICA B RE & 15 Neogondolella
sp.& L72H (BAEIE 2, 2016) i ahr. 2ok ic
BWGREF v — P OHEFEREHNZ L 240 E Tl B Z LA
TE, ZHIHBET 2 XA OB S ~L 44 H %
Wiz hbliaie viEh s,

T T & Tikam L7z & 5 ICAEMIRO W@ B A 1A a1k
ZMRE 5, TV — bR R & R
L) ZREOUKEET LN K572
2, NS EPET B REITHITO RS R £ O HERER
B L) 2 5 HIlrd 5 &, WERE O R & IR i
BHWIKREL BE>TwW2EEZLRS. D%, Jt
AL B A T U 2 BRI & B %S s
13, TN AT iSO TR P
25 (MiF I B R OWEES - AIKE - F v —
b, BBICIZARKCUBEOAIKE - F % — FH %570 :
KE - KA, 1988 5 KIBIEA, 2005) H D, ThZFh
ORI G- L7z ET L — bOEWHIRE IS, %
7z, Wi & & B D M RIRE R O REFHICA S RS S 1
% (}2K, 1974 ; Suzuki ef al, 2007 ; 7L, 2018) & 3k
12, WEETHOHERGE TR TPl X h 3 R ot o)
MEEHIZ DWW T 4R, S Catll s REt»iTbh, R
M RAR L Z B E R TS (B2,
Suzuki et al., 2007 ; H VL, 2018 ; P BF, 2019 ; Uchino
and Suzuki, 2020). Z O &3 EiEE A AEE SHnE
OMGEICHEEDWWET L — b OBE» S 75 & AEKH
Boeid, R RE-HEM AR, AW REIEE
:%%Eﬁ%tﬁﬁ.éen,%gﬁﬁféﬁﬁbt%
%Eﬁﬁ%ﬁ?éﬂﬁﬁﬁﬁ@%ﬁ%&ﬁ@ﬁg1%@
&P BNEAE O EERE » 503 HEARRE (5
EA, 1964) 13, AR E A OEBE» 5 2 hE
MR- & 52 nfmicmd e ahs il
ZE, S AYE, 20015 KIAIE A, 2010). AKIAIEA (2010)
12k B &, —FBBNEAHE OB SR TS 7L
#) HRE (OIA) Ik L, 7 O REEENBES 2 10
IKEPSER LT VE 4 FURBHEICE D X AR
EFEZ2AET VHICEESI RS, L AKLIANCER S h
72O0IAHK &\ 9 ST, FUBE-SOHHICET A
BREOZRELEKEAERIR AL, & ZANAIK
BORML, WHICBT W - RS OBUER 2 D
Bl 5T EERL TS ARENEY S 5.

HUE T L 22 & 5 IS AL Lo 2R, 2
75 B - AT IR & = I OWEL - PR A D
IR BREPHICE UTRINL 72 Z &SHER§ 5 alagtk
BHY, FTHEMIT 5720 XSGRO B S % 00
LA DT OB & iRA Tz, 2 ORRIE, MEE
TR L 228 3 FAF ALV, 5H S SITRRN
ERET A ENE LIERAERE L TS LEL D 5.

K CTHEG L =2NE LA, BITO@ED Th 3.

D) A FRAEHIRIC 35 1) 2 ALHAL B2 2 7 R IES
RICPAE T 28BS I D0 T, AE bR 2
L7z, WEVEA THEE S W IR, AIcEED
EFLIA FERREICKE NS, F-FHIGRE
FiAZF v — P EWEP ORI, F v — b ORKHES
ZERAE DB 5.

DPWNNBOMEHERITIF LS4 F1IRRBY L7 A4 b
BTHBEDD, ZTOMITILH ) LA OHURES
B L, BRI EXREBE~ s <IcHkL -
WPA~BESBETH B EREEIh 5. HEKMLEDN
FIHIHRTIE T L — PRGSO R RSN D 72
T Th<, N-type MORBA LIV FF4 MiZkd
ALK A 5, WEET L — N NOWBES EEFEE T2
AREMESRIB X B, 7270, FL o4 PEZRRAE &
DMORBMMEEHEL, YL 74 NEATH S 1FHE
E-type MORBIZSH{LL 4 5.

3) AR LR TR EESE S L KT 5 &, K
PO FEERATCREH BEICHHE 5221300, b
SOBITLAZRETHD I LR EN5, HERLF
B TIE 7 L — b KBS BRI % RO UE S
TAA ) LA DHIHIC /R E N, % 72N-type MORB
KHEIZT Y F T4+ ORELXIRMEES X s
I 2 3 fkk AR Eh 5.

) EPBEEE RO I N T NORITHILE MR T 5 50
Rt e 2 OHEREIFIICHS < &, WIS #E A 1
TH# B 2 WIS v Tk 1S Bl EICZK
Sh-lwtEIcHkL, F2ARERERA T~ L
ACLSEIR & M7z MR L ok § 5.

SR AT, BRI WEFAERA Y 4 —ICk B[R
BHEX T 0P 2 b (575550 1 HVE Xk e k) |
D—EELTEBINZEDTH S, ELEHE ST
2B U A R F R e iRk S i o0 B i B3 - I
W21 =72 %, N2 IR GERID) 1S3 A& HiD
FaEo>ThrEn D Eol 4t &y 5.
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