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Delta deposits discovered in the Plio-Pleistocene
Tsunozu Formation, Shimane Prefecture, southwest Japan

Ryo Tateishi*, Seiki Yamauchi* and Tetsuya Sakai*

Abstract

The Plio-Pleistocene Tsunozu Formation is widely distributed in central and western Shimane Prefecture, southwest
Japan. The Tsunozu Formation is composed of up to 100 m of unconsolidated mud, sand, and gravel beds, in which
marine or nonmarine deposits repeatedly appear. Because the distribution of this formation is divided by a topographic
high of basement rock, correlation of strata between the separated areas has been discussed in previous studies. Intervals
referred to as “Marine Clay” have previously been used for correlation of strata because of poor age control and lack of
tephrostratigraphy.

Facies analysis of the Tsunozu Formation along a traceable tuff bed in the Gotsu area identifies 5 depositional facies:
(1) bay (marine clay),(2) interdistributary bay or flood plain, (3, 4) two types of fluvial channel and (5) delta front
deposits. Some of the fluvial channel beds show convex-up lobate geometry, changing laterally into the interdistributary
bay facies. Features of the facies and their lateral changes indicate that the sediments were deposited in a small-scale
birdfoot delta system developed in a bay head environment. Facies distribution in the reconstructed shore-parallel and
shore-normal sections shows poor lateral facies continuity of the bay head facies in the interval studied. This implies that
bay mud beds “Marine Clay” should not be used as key beds, even within single segments of the distribution of this
formation.
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i L &

EREARHTEHO ZMINTEED S HHET IS COHER
IO OHIRIZIE, TEEREE LIS A 8T — FERIL L 5
HLTWD (BI1R). ZOHBIZOWTIE, LRSS
e N —7 (1969) LIk, ZHOBAMEMIFFEI;THhTw»
B, LHEBESLHEICO T 5705, REBEOETVIZRTS
NTWB DI, FHEBIEEEL TS, /2, ZhFTo
fFge i, B AL DAL Cheg O HFIPHASFANI A S
BlAB I, KIWKBOEHAET S EIEMON TV E0°
(LA, 2000), ZHE@HIEHRLABDS 2w, 29 L
HAPSILEBHEOBEIZOWTIZINE TIZFE L WHEE)S &
vz, LEBHIER HARO B AR B C L
WO AT —HHRTH Y, TOBFERHBORELH
fE3 5 2 &id, T OO HER T OREEFRE TR EKEEL
AL L ETEETH L. AL TIE, HEICH
EDTTHRE 72 KLY - 72 B HE CHERTARERAT O ik %
L, WREBREOHEILE KA. ZORE, HEHFOME L
INEHREZAMNOHEREY I AR LD I L TTELI LD

(Z

*BRARFER G TR E R 8=
Department of Geoscience, Shimane University, Matsue 690-8504

75

THLMP R o7, T2 TIEIRHREOMBHOEH L 20
i AN -

o' O# OB

BT, TH2»S8TERE, BOERE, EMUEDS
B (2 ; KEIED, 1994). #EOMEEHIITITLEEIC
o TKETH 5.

LEBREOTE © 2 v HEEE X, BIEB L Z 80~100m
DN, ROV, B, BAhSR), BEAE—RE IS
TOER 120~130m £ ) bEWEHSICELTH. o=
BRIRICEAZEBOME S 2 B L TWD I LT HE &3
BN, BEEORESGERIOHONTH L. HETERE
TN CIORITE LKL BE OB 0 — 5 & T8 RIFRIC
5. KILELO R TG 25 % 5K LA
HLTHY, HEFEB IS T3 (IIRIES, 2000).
HEEFELTE 0 BT 20 Tl LR (BB, 1970) & X1
N72BD 2B (BIEHK 50 m) AHREFEE B L OB AEEE A
BEICEY, SHICEMICIIEHERCWEDOMREY 625 &
ENBHEMUE OKEFIEA, 1994 ; ILAIE2, 2000) HE L
5.

INFETOWNETIE, HERERE L) TSRO R &%



76 EARUL, 3 — SRR B R O = 4 JHERE )

ti%mkmaﬁ{xw

0 10km
| PO SUSS— i
1 AMSAE. ILPED (2000) OHUE R E —EBEET.
B8 F £

KEHMOMREI OB LS %5 T EARENTWS (K
B2, 1994, [HNIEA, 2000). JIEREY OB 52X
Z LV, JOUKEHEREY I3k, T2 5 M1—M4 B
WIBEAFIToNTELDODNEETN, FNEO—ERILH
JIHEREY) & SBRRRICH 5. oM TEOE®RIE,
RO AT O, BREZOBAE, B bmETA
T OEBHEED IR OREFIED, 1994) & STV 5BA,
LELOMETIERL, & EI3BIN ~ B oBed H

D, BIZELTH —HLEVEENSH L. $7, FIIEREL
BT AT 250 0 RSN TEAER L LTk, #
Ol DA EKED A - KTHRAEZOLN TS (FF,
1994 ; KEFIZ A, 1994).

HREPERE U IZ S H O RIKB B T E 7205, —fk
WCHEARMEICZ L, BRIEB L 55 &) iR 4 KILK
BIIRWSEENTWARY, 208, BFEEOBREIZIN
LOWERHLE B & L THAY TSN T &7 (Onishi,
1969 ; #REFEFIAFFE 27V — 7, 1972, 1983 ; ILIAIZ A, 2000
%% &), B R ITINTE ) ol — A s T, 1o
HAORRE-HHBIFTHOSNTVYE M1—M4 DTN
M25, M35 LERSN2BOBRMTEIHE SN T
W3 OREFIZD, 1993 ; KEFITAY, 1994) (F2H). T 70k
H — & o M 1-M 4 &iRRE—FHigo b o » FEE
RCHERE L 72 2 L A RTREIIR ST wn,

TTHEBHOEMRIZOVTIE, ThETIZHE VEELVIE
B Thh T2V, Imamura (1957) I3 A7 T F V7 {LH
WER LI EhE, BEERBOTREL 3.0MatHE L7z, £
7z, FERIEA (1990) IMEFEE L BDOEBO—HIIOWT
AR E L RA, TOFEREBLZ41Ma~1Mallh
T2 e oT 7z, L L, F@mXThbalonTns L)
12, BFICT— 5 ORGP 2o EHEEICRIT S, &
E A (1994) (THBEFFERE D FEIR A A & 72 IFE — S s O it
¥5% Gauss - Gilbert FEAREIBEF (3.55 Ma), M4 i LEHIZER
& 572 IEWME T % Cobb Mountain FAEAREA (1.20 Ma) & %
WL, HEEBOBKEMRIIBLZF36Ma~1Mallb7z 5
bor Lz 72, B M4BEED g KIKE (2 K)
D74 varyb7vy (FT) FREH 1.8£0.3 Ma (KE,
1996) T, HHBABEFLIEITET L. BOEEOEIZHE
LTid, HRIED (1990) 2SS ME O R» S, 20
EBR % Jaramillo event [ER{ D 1| Ma Rife & HEE L 7. &3
(2003) iZ7 4 v a v bT v (FT) £REIE»S, BOE
BOTROENRE 12~1.1Ma & L7z, PEE5T2HEH
BRI B ORI, 3.6~1.1Ma & AL DHPF YT
H59.



T —%F - EFRE—HE | KTsLALEE | BX—KE
| AIREAE - £k
| #0.86~1.14"  ¥1.18Ma")
Ed =R ATb(FE)
EfUE ES4
- C : KHEP(F5)
ES3
BORR [ T EToEA
NN\ ES2
1t T T FEBE
ALAE 1.60~2.21Ma? 1.76~2.19Ma™
YaVvaVYs HFATb(FT)
B 3 Pt(F3)
B ® EST | B
L %1.8+0.3Ma |-g ARPLF2) 1.42~153Ma" ]
~f
m® M mE W KR
Y S— Y —
5 ________
B
e
mi-
[

”#J:(an (1983) Z'sz;;gt#muggl) ”7)(?}(1996) "Knmura et al(2003) 9HMALKEBHE(1993)
CBARRE, Tb: RRAKE ES: ARD, KE

i‘( T4vyavhIvIENR TOMOFREK Ariﬁﬁ

ES1~3d MIRRIT TR 5 —(1983)ic, F2~FORBERAMP/IL—7(1983)ic & 3.

FERE IV —7(19683) O FARKAME (F1) RIUILBE CZHT.

B2l R IHMIED (2000) OREFECHES .

OB O OE

A LR TR S I O T 3 km, FdL3km T, =
OMIUTBIAEZE TR & L TORT 2 RIS 5 720 1238 A
HEATED, EWICEERRA L <, ExHITI2E B
THIENRETH D (553 K). AN OB 13 iRk
TREM2-M4fB L s TaBECHL. LrL, &
HTIEZ L ORBEASL NS, AR TR LIS, 11
MNIZA (2000) 25 M 4 A3 5 & SRR L 72 i oks 1 e 255
pENz, L L, RTHlRLME gD PO SN
R R ICE LTI M I —M 4 IZEe L, F72, A5
B T2 O FIC & 1T TR L 3 2 BT g 2
KUK ASRD Sz, ZOKIKEIZIE S 20~30cm 13 &
T, #ifgt~ R RL, TATEESRE TS, B ET
IR, EEEITEAEEZTICAES TORLTE

D, BN S E OBERDH B 2 A SR KILK
e &R L7

b2 S B 1

HREF R OHERBREE A W & 2212 F 5 72D AT O )5
2 (B 21X, Walker, 1984; Walker and James, 1992) % # ] L
7o, TR, DTo s oOOHEREM 23R L 7.

WM 1 ZOMEHIIKROWE I LV N E» s % g
W (53 1X) O FH S & ORGP Ao & _EERL %ﬁ#
b, BIEIZs5~15m, BIROASIKETREWIZE A, #i
BB L O—ETHERSRSNG. WY ORERS X 0T
ORLRBAEEI ) AGE S S~10cm |3 & O PR, Rk~
kL O I A Bk G

HefdH 2 C OMERBAIIILR Tk BN L a5 %

SEE N TR 77

%3 ELESVATAR
A-A’, B-B’ I35 DFIRE EAFIET 5. P IEAEIR O AL
B8, @IXMEOFRMREGh . E LB 2 97 5 T4
O 1 I R & 6.

% %ﬁﬂﬁAﬁ’FOTm<“ﬁ¢é I ARRBIE 15 m BL
, IRED O IR THEN REW D v, #als &
UE@@A%n&w COMRMIIIRES G E N 2 L8
Hh. YV IMEO—EIIHERAH 3 OEICHI D AT NS, F
72, MR 4 o L v XRoWE o), HEH S o
EBAZDLMICE LD ZENHD.

HEFEAR 3 COMERMIZE & 50cm~2 m 12 & DS B
L OB U 0 OHUA S ~ PRV 05 42 5, @Fimm#
L, REPEEEN L. BEEN~EAEr S0, B
KabonLwns, —EICREBEIALNL, BBIZIE b
7 7 BREIE B & ORISR A A H 5. RIS
ORT RIS ACH T AT 5. OO LTIz
WREAH 2R ON D Z NS\, WIE, BEE Il F~D
A, PRI OMERA 2 A1 D AT MISMOIRE T
Ly Xkok ok O Sm) 5% (o bh b,

HERM 4 C OHEREHNE, FURZED ~ A ab 2 S 4 0,
I % & &, R AR LC Rk L 2039, ik
KL, £y MEBLZ10~15cm D+ 5 7 RIEESE R
L IEPIRFIRICR M S AN S, MEOESIEBE L% 5m
Thsb., ZOWEIHREIELT S FATE LIZhoL »
RO ARRL (B4R, FEHEEQD), Hilm e FATa )
ﬁfifé% AT CHEBET A, ZOHBEHOLET, %

KBTI 2 o v L FES RSN A,

%EWS Z OHEREHNITIE 2k 2.5 m O KB OFRE B
DEONDLWENS 5. ZOHRAO FALICIEHERAE 4 F
TIIMYE 2 S UHER 2, BIOHERM 1 A EA L. 20
R EIEH G I HEREA 1 FE 2 OHICRET 5 28NS



78 RSB, ST — SHTHD I HERE o0 = f MR

Fa BEEHEO~OQ

R ISR SN KR 4 DTV 5 DU — TE O FHES
RS EICDIIRE B L, KIWKKE A AL % AT
B . ML TERAKED YL MED A LTV b,

@ d AN S OF Vv 70y b 20 1
WAL KILREE 35 & OHERAT | ONEHER AT 5.

o (B4 RIHG Q). RSB OR TR OB
idBB LR~/ G TH 5.

BHETREDBIR

HERTAH 1120 & N2 Bt B AR IE O BREE 1 4+ > o —
DS %Y vy a—4 4+ (ffR]IE2, 2000) #2515
SO EDSHERM L IZMERE EEESRA. TDY IV MG
ZHeEN SO IE, A —24 3 — MibkE (Johnson and
Baldwin, 1985) LS 5. BEREIE, KRIZIENDB 7Ly 7
U2 MNeEhbo/hBlis L amim L Ez onb,. 20
Wha, BRI IREROEE R HMEES A SN VW &
o, WROFEEP LR WEREICTER SN2 LhsdlE s h
. INHLOZ LG, HERH 1 IINBRE (Fu7Ly)
THEREL 72 LIRS N5,

HERAH 2 D 2V Mg, #EAT S L CIZEEASED S
W RAKEOHER L b s . 2DV MEOMI Ik
VIR ) DU HER Y R 3, 4) 2580 65 2 &,

—HBICHYR 2 EORE Lo SN B 2 &, iR A3
HIDAATWD 2 Ene, I ORI ILE IO HER & it
MENz, FREGE VL Madiz EIsMo i s
W»r oL bWEOL > X (R 4) kI hb 2 L2
5L, 2V MEO XS O (interdistributary
bay: Bhattacharya and Walker, 1992) OHifi) & il & 2. 7
B, INH 2008 ¥ CTREICKITLIENTEL
Po7oDT, T TRE—DOHERHE LTIk) 2k & L7

HEREH 3 B L OV 4 O 3 X ORbRE X, — 1A CIEME &
N7z 2 ERRTFEICRHATRS b, FR.OHE %2 K E b
DIAATHD Z & MH~OMFESENZ L2 EET 5 &,
ST OMER L £ 2 6N b, 470 rplscha i
BHRONZZWI &, EHHRALSHE RSN w2 Ehb,
Z O NNEHIRE I WA o Tz b s b, £
72, HEROAR 4 2B S 7z RS o L o KIROBYRG (3R & 3k
V2 Z DYy TANBL N O G HERE Y 23R A dp 5 > T o 72
CEERIRT. ThbbKRVOEFIZE S o TRIMIZ B
W HERE D DS RREST 5 L TTELBTH L L At
5.

KB DR FECHEO T & 5 HEREHT 5 ofibkg %, fiz -
ICHE LORBAS R ONDL Z Ehs, Fy 7 b Otk
MERENL, $7-, HBEHBELS, ZoWEIRKELO )
SR SO ER LCB Y, 2O TIdHERH2 0
VMERARLND, 2O s, KR TR 5N
=AM, N OREO HT 23 22 BRI S,
BHER=MAMTH D LMRENL., $LZOFVy 7a s b
HeME W o JH0020&, B~y AN —HERE (B 21T,
Bhattacharya and Walker, 1992 ; [l - Bi[H, 1992) (Z58% 5
Nhhoiz.

BHBREO S

FRLOD £ 12X S A HEREAH o e i, T~ 0%
TR 2 SRR IS L 7RI IR & L C85 5 ISR, T
A— AL — P9 K ORI Tdd . Z O Wi X1 48 b
T B I L AITEAT, 2 VR EERT AN
[ OWiTH & 7 4. AUk LT B—B i34k v — fg s )7
[ OWIT, R L AT % IO T 5.

ELSOMHMTY, KHito E~OHERHH O Z Lol
JinEbELTHL, Hid TOREOEL Y IX, Fiirsd
NEVZHERCAR 4 WG OHERTY, HERGHT 2 O9eRE, HeRTH
S5O7NE 70y ORI ELR Y, 512 EMICIEHNE
R E 2D, TS LT, MifiaB X b TIE Fhid
5 HERTHT 3 OIS O HERT & LR O HERN, HERH 4
DFEHED L HERS, NSRS & v O IHO kg o 1 7%
DALz, F 72, HUb b TIHERGA 3 o)1 % o Hifik
VIHSHEREAR 2 D 2 v MR ISR E NS A5, Hirtla b &
CeTREMPIFLAERDLNT, W h, i, j, kTH,
U ISUHERT) 5 & O S A & 1l 0 SA £ T 1T 0 HERS A3 F5
ol L2, AN OMEOZ LD ME L DI &) &
AT & B KIKRE I N OHRE % FLC b, w3 FAT



120m-

110m-

100m-

9S0m-]

B
110m-

100m 4

90m 4

80m-

70m4

0

100m

0

VA B IIW

WE -l Bk

> SW ¢

NE <

100m

RAl

WANAN
M| KRR
VWY

feoiox it ]

Nw-<

O RS THpRER
L, wmseRE

A B
i okt VU &R
> SE ST meiRY 7 wam
R
HEBRAT (B : 9E) HBA3 (FCT : TNIF)
CEEESLU | EEE4 (FC2: FASO-T)
2 (FP ’ meﬂ) #HHES DF : P& 7OV ER)

£ A-A’B X UF B-B’ OAEIRIT X

HEEI RS TR




80 BARIE SE — EHRAR T g o = A N AR

HWTETH > Th, W2 SEHEA, R[N 2 HEFERED
BALRR SN Ao/, 2O Lid, Y% #EE Lzmi
DRI CIIEROBRE CRA L HIEICT VY 0 — T %
ELTWwWhZ ExRT.

Hof@ D &R 72 Bt & L Cid BREIR = AN o = f 5T,
Fuy 7oy, SREHOBEOMEYIBEINS. b
d EAEEIOm AR T, RELRBEZDS
DOBEERTHBESHEHO ML FHES WL 20
ZEns, MBERFRMORERALRLTWELEERS.
Thbb, WKED RIS TEAMBREOME D L~
AhbMorzbiEEsINDL. T, BT ~OHEREO
A S, ZORBEOHETIEE, ROV Iy v a il
EownTazy Ml 3528, RiECTHAH LIZBHH
THhb. # LT, KREMBO R LI HEREREED L v
NEROTRBICEDNS., Zhud, ZNEF TICRMEERRITT
X S NTFE RNk L, HB ORI RN K & <
BBLIDERDNS.

ZOXII, FMAEBRHOBSEICESE, L LH
EHEFH ORI EE LN S B Z MM AT LT 5 HE»
L b I ENbhodtz, Fio, WREREOMAEAAKE N
DI, dEkH L Ao COMEHARNETH S Z L5k
D EAMIR SN, 5%, LY ELoXIKB O ILE
T, HEERESRORBR*BRHAT5LE D 5.

kS & &

Z TSI EE O KINKE 28R L, £ KILIKEIZ
B 7B HE CHERHIMRAT O % B L COHERREDE T
Totz. ZOE, 1) M - FEEOR - W - BIHAT
%, 2) mWloEimdde—bE A E T, 3) HRERED
TN HWEEHEESIND &) Bh, EkOfzes —5%7
B, &502, MHIERET L KUKBOEE, B LB
SMINERY OMEIHFRENDL Z LA, SRIORETHD
Thhoie.

FLZO=ZMMNY AT LEEFINRELLOTH B2
o, WEEHTE AR L HE o I ES S N2 L vk
D BARIREN. ok, BEOHT ) TRTLRL
FNENOWIBROMEFEBAEANOT IV Y AT AL o T
ERENTVWBEHEESNDZ 0D, 4RIIRHERED
DA CTHMARALEEDO T LEND L.

& &

K47 I2dH 72 ), ANEBERREHED S EIRETS
DEHEZEV:. BIRELERM Y & — ORBIERIK, T
BRETERBSOH LLEREL, BAMEFRFEBERO
KEFEATH I, WEK, BEMESR SOBHRYELELE
% CHORNE TRV, BARKF R IR G FRE ¥ S Dk
FEMKICE, T4, ENTEHFREC. IR0 H 41
7 AVl D=

5 A X

Bhattacharya, J.P. and Walker, R.G., 1992, Deltas. In Walker, R.G. and
James, N.P., eds., Facies Models, Response to Sea Level Change,
Geological Association of Canada, 157-177.

FEEEE, 1970, BRMF ORI LHEROWTE. 5 1 H  HEFEH
TR E SRR, BRI T RS HE, no. 6, 50-59.

Imamura, S., 1957, A new Sassafras from Shmane Prefecture, Japan. Jour.
Sci. Hiroshima Univ., C, 2 (1), 53-61.

H L@y - mE B EEEY - #0REZ, 1983, RiL&LAl
HoOWEE0 71 v v ay - M7y 7ER fERFE, no. 37,275
-278.

JERE H - KEPEEAT - UG, 1990, [LIBRVEER O &EHT — EHTHEAR
Briig RSB T & AU, SEIUACHTZE, 29, 257-266.

Johnson, H.D. and Baldwin, C.T., 1985, Shallow Siliclastic Seas. In
Reading, H.G., ed., Sedimentary Environments and Facies, Blackwell
Sci. Pub. Ltd., 229-282.

Kimura, J., Kunikiyo, T., Osaka, L., Nagao, T., Yamauchi, S., Kakubuchi,
S., Okada, S., Fujibayashi, N., Okada, R., Murakami, H., Kusano, T.,
Umeda, K., Hayashi, S., Ishimaru, T., Ninomiya, A. and Tanase, A.,
2003, Late Cenozoic volcanic activity in the Chugoku area, southwest
Japan arc during back-arc basin opening and reinitiation of subduction.
The Island Arc, 12, 22-45.

EIGILFEFER, 1991, PR 2 FEBERAREE TILER]. 66 p.

EIBIEFEM, 1993, FH 4 FREREER ARG T (LB 55p.

B AT - KEREAT - SRR 5, 1994, HREFEERE O MR S 4
EEOEF. AARBEFERE 101 FEMARHEER, 144,

KEFEEAT, 1996, BARETH IO HEEIE OFE. SR K kE
TFEBRBEITE, no. 20, 75-78

KEFAT - ALRF K - SWHUE - BIHETE, 1994, ILEEGERO
— TR B B AR O IR B A ALY - HERE S
BB AL & A OFE. IR HIERETE, 10, 35-51.

KEPEEAT - IAER - ALRFI - Rah i, 1993, ILIFRTEE O HRE
BB, EBFER G EZOEPICHONAARESIIOVT. H
AHE R 100 SRS R STEE S, 337,

KA - INNEE - KEEA - KBIEER, 2003, [LEBEHO FT
(74 vvarbgyz) $£RNE. BRBEFEE 110 FEHR
KRR, 228.

P - B E L, 1992, WRTEHIROMR S AT A BWEH
ME, 98,235-258.

Onishi, L., 1969, Pollen flora of the Tsunozu Group in Shimane Prefecture,
Japan. Shimane Univ., Nat. Sci., no. 2, 42-62.

RSB PUACHTZE 77V — 7, 1969, 1LIF&HE R T O %ISR, B
#R, no. 15, 355-376.

BN TR 2 > 4 —, 1983, A W7 L SR S A it o (56
6% RE - KH - IABK). BRETERM L5 —, 31p.

R - R - JELIEE - ARESCH, 2000, SER] - D
HARE, %L HARE. HRBEYR% 107 F540 RS Rk
ITHENE, 49-60.

HEREFARISE 7V — 7, 1972, BRI KH T REK A T O B EF 3 kg
. S HE LR GRS, 1723

HREFEFAEIITE 7V — 7, 1983, BRI OB g & KiLs
KIUIEE. BAROEH - EHE, 151-160.

FEHN, 1994, BHREVLE —IRR @I o S8 — T AR e
DETHE & A, HEHE, 100, 815-827.

Walker, R.G., 1984, General introduction: Facies, facies sequences and
facies models. In Walker, R.G., ed., Facies models, 2nd. Edition,
Geological Association of Canada, Geoscience Canada Reprint Series 1,
1-9.

Walker, R.G., and James, N.P., 1992, Facies Models, Response to Sea Level
Change. Geological Association of Canada., 409 p.

IS - KEFEAT - JF LB EY) - RBIET, 2000, HREFERE LK
el I Y. BARBESRE 107 FFEMRE RPERITE
M, 71-79.

N3G 3, 2000, EREFHLRE ORFFEE & IR, KAEKTFR, 14p.

(%A 2003411 A 140, 3120034129 H)





