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Fig. 1. Map showing coastal terraces and drilling
localities of Jusan Lagoon and its vicinity.
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Table 1 Stratigraphical Sequence of the Tsugaru Jusanko (Jusan lagoon) District.
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Table 2, Data on particle size distribution of core-samples.

C-1

Sj;gfﬁe Mdg oo ap | Sand silt Clay
2.5m 5.4 0.4 0.00 4.69 94.19 2.3

6.0 6.5 1.7 —0.20 11.2 74.1 14.7
10.0 5.3 0.8 —0.20 7.3 88.5 4.2
13.0 6.2 1.0 —0.40 6.9 88.1 5.0
15.0 6.1 1.2 —0.48 11.8 85.2 3.0
18.0 6.8 2.8 —0.04 15.5 49.0 35.5
20.0 6.2 2.0 ~0.18 18.0 68.4 13.6
23.0 7.9 3.0 0.07 6.2 . 45 .4 48.4
26.0 3.6 2.0 0.03 56.6 40.1 3.3
27.0 5.8 2.1 0.14 16.0 66.0 17.4
30.0 6.0 1.7 0.21 7.7 76.0 16.3
31.0 2.8 1.1 0.24 82.6 15.4 2.0
34.0 2.5 0.9 —0.44 95.3 4.7 0.0
35.0 2.9 0.7 0.21 88.1 11.9 0.0
36.0 6.4 1.5 0.24 45 78.1 17.4
39.0 6.8 1.9 0.0 1.2 7706 21.2

T-1
1.0 5.0 2.2 0.26 23.8 62.1 14.1
3.0 1.6 0.8 0.39 95.0 10 1.0
4.0 1.2 0.8 0.07 96.0 4.0 0.0
5.0 1.5 2.1 0.61 93.9 5.1 1.0
8.0 5.4 0.6 —-0.17 5.7 91.0 3.3
12.0 6.5 1.8 —0.26 10.5 85.0 45
16.0 7.3 1.2 —0.57 7.7 89.4 2.9
20.0 5.4 1.0 —0.60 16.9 80.4 2.7
22.0 2.5 1.8 0.54 75.0 21.2 3.8
23.0 6.3 1.7 0.15 4.6 77.7 17.7
27.0 2.6 1.9 0.30 74.6 22.2 3.2
30.0 75 1.5 0.00 15 5.2 433
33.0 5.8 0.7 0.00 6.5 92.2 13
35.0 5.2 2.1 —0.48 28.4 62.1 9.5
38.5 2.6 2.5 0.59 63.7 27.9 8.4

D-3
3.0 6.5 1.7 0.24 1.3 72.7 26.0
5.0 8.3 3.4 —0.06 6.0 40.8 53.2
7.0 7.8 3.3 —0.01 5.2 49.1 45.7
9.0 7.7 2.2 —0.36 5.1 50.7 44.2
13.5 6.2 2.5 0.04 16.0 79.9 4.1
19.0 8.6 2.5 ~0.20 5.6 87.2 57.2
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F'g. 7. Grain-size distribution, sand-fraction component, roundness and heavy mineral
component of the core samples of drilling T-1.
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28.5m DIEICRET Do LoD, BEE 20m 53 A48T, SRt b Fird—Do0Mhr
EEZDLRETH Do Tiobhb, BE 20m DB, YU WL OEEHERDLDNEUTHD,
BRE 20m DIBR D ML, 34m A S Dt ag MIETEH D, TFILE YRy 00
KR eoTVv %o

D-8 oa7—Tit, E¥mvbvy D-1 o4 ARBERAR L Db D, Thebb, &
FEOMEHEREY ) 1.3m 50, SO TIICEEE 12m FTY L N B IOEEE S L, X
DIZTFRICIIDE YV Y EDEENALIN Do KTV E1%, Y L T g, B’E S~
m TR LEL COLTREFTED, F U TFHAE T, SOk E . ag (28 E 3m
PIETH DL, Ry L PSR EOEAYRL Tk, D-1 0B &L AiETH % (Table2),
FLC THERDOBEE 18m Tt ap NIEXZRL TV 5%, BE 19m T4 R30, Fisy
Teh Dy, D7 —EE OWE IO BREARDI-DRIETE Ial o

T-1 oF—V v 7o Thd e, K EMCIZES 7.5m 0os JOBEY L Y 238D, 2C
Tz ag NIETE 5 (Fig. 6), BE 7. 5m » 5 2Im ¥ C1z, Mdp=5~7 o ¥ L } @JE < 5k
L, ¥BRNEL, Lnd ag 2VEBERT, ZHUCKL C B 2lm DEOFTHERE T, hify L
PICK BT OISR ELS, LT ap 2AEE 75 (BRE 35m & a0t 5 %) o
CRHOBERIZ, K-V v 7HigORD D-1 ofG L HL TED, EEINDLIHETE D,
3) FEE MHAROTEICI\ T ORI LIS, TEHEL ESY, dEy L s IO THEE
DI FHBHTIND o Sl RESHT O D SRS L. EEBIL VOhd ag
EDEARTICLEE Y L P hblco T Do RERY L VI WIGELBETE Y, HED
DALY N P L o TERSIL, BP0 GEESLDV. MERARL Lnd ap 288 TEH
LT ENFEY LY ORETE D, THAEBEL, FEY L 10 kL, LT ag NET
Do Tivkb, TZWED 3L REMNRORBICE - Th, TALTHMHEEL B E S o
TWDHDTEHDo

EEWEEONRRE L LT, ZMAMo ki (top set) & U CUBMSNICHRSERN TLH LV 5%
2 & FOEOKEE T & O Bk foamBofia BT 2 T5%E2 L0, 280
AREM B Do FOL B B ABERETEL & 725 — D O¥RBIREAL RTZ L, BIONTMORH Y L
Mz s OBERD WL T B DTN B TLEL Z EnbE 2 Db, ZMAMNLEOMETHS &
E i v HREEETRENDIFIEOMKERE T2 1I0m 0FTED, OETIE s
T AHERSBE LT 5 21T ThDe LIchio T EEMNL, BEME N & O HIRHERE &
ELHRETES Do

FEY L P OYEELL, AVLO L D FeEkKi e R L -2 S A EESTE D, Landh ag VAT
HZEMD, EBLDLIERZTHEBMWBERAIS AT Ch ol L5 I bhbivd, Tiebh bz, 3
e FEE L T WO T H D 2 L ARl TV %o

CHICKL, FEARBIL B AR e MM HERR L o B e B b b, F LG MDD XD
IR SN NIRRT D C L LICHERE L, £ D7l ag NEE o T 23D EEZ b,
THEBTOBEN dbdhebbBERN TR EELFEETSH Lk, TTRERHLL. ZOK
K LT ZAMo bme UCHERL-REN, RO e RICE N CiKE A2V NSV & &,
NGRS T LD FIMICHERL -2 &3 BL bR D — 7 WErduiiz y £ Eck
AL7CEBRDZELTEL D, el blE, FRIUMEIAEIC S CHEECHEEL T D, 20
RN EOWNT 2@ AHAI N ) 20D Th b REMBOE#END, ZhboyvIh
W &S HMRHE T E fov s

THEBOWME YV EDEFBOREE LT, BRINC L 5 =Z2ANMEEMOESRY 5105,
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TR 5, THEBE Ry LY & 0L, KRIWZALT 7obh b Tz & BRE 2 8
LT\ b 2O &L, ZAMEL THERBRLAZ EXRERL TV %,

2. MW HE R SN

HERRWIL, SFEORYBY, SR LJOEMAC L > THERIN TV 5HTTaLH, Thb DR
Rz F N F R o dEE BE, BILRBhL > 28 N8 5, Licnio G B orEER
BHEEND, HEMOHBRBAY HLTVERETESL 3T T4 5o ZDRMAD, Shepard
and Moore (1954) [, B HHERIRSEZC T HEEMORE R T % #EALELNCL T
VDo FOMHB, %< OWFEHEIC L »C coarse fraction study 2R INFRIND SO
oo

AR TIL, &BF—Y v 7RBPICLL FhHMREDICERL, chboBlomEiE: HEE
s RE - IR, HERERBAERT L0000l L) ERAR L.

) B HDCHBEL TV DY L YRk a & DR 720, BOWHEL 7k STk » ©
DEEFFHAL o DDA DS b, (EHeEE 50-100Mesh [0l DE & hy ATV v ¥ —% Do T
A7 4 F RicFE 7o MIRFEBSE T ¢, mechanical stage > DTV v 7Y v 7L, EMEAER
TR B O BB 200 B e B E TS T NI, BEEB¥ic DL it Powers’ roundness
scale (1953) 4 A\ CHEE OHIEZ1T - 70

2) R MImERoORIERN A E & L ML, Table 3 #5 r ot Figs. 6,7 i30T
5o WAL, MEHH (RESIAE, KLUFT 7R, $Rk HHEH ERA S IO ofh
(B8, AILAERAE) DOFICHF L. chbno b, KUK TZ R &L, ANEAVEHR
TG UBRDA 7 ZAnbi , AP SE ENDH T R EMAELBEEN D250 TES, D
Y S TEEREO A X a VICEEDLT 520 BRARVCTH TS AFITZFTDLED TS, oRbLD
A7 AT, —RICHBENEDLL K BREREORELVLBBICE IR BENTLD L
XN TE D, 2T, Figs. 6, 7 kv Tid, THAEARBFICAI, 7 BN,
KA 7 R BRI TAH TR U o

ZBIUORICRT LI @825 U0 BERALSEICLS ERTUWL2D0EMTH S,
CITHREERSZ L, O THEBCHEL T, REY L AICIIEER VRIS 5L
INHBEETEHL, LT FERY LY TSR EED L fe o Tl b,

SHEROBEENICS T, ILICEELS LT, EURZRHY L PO FEFTELL L
WEETH D, WAL, THEERCHRSSEIC S T, FEY L O EEIC L/ h £
HEdbHI 5,

SR D BB ROV TR D L, EOEEY L GOSN & L EOHBIBEIRTHERT 2, Tibb,
O, PRIV PR TIRZEDL LDV S TRBEEMRL S H O LnsL Tk,

MBI DV TR D &y KB 20.25~0.35 FJic k0, s DARVEZRL TV % DVE T
%%, Beal and Shepard (1956) 7% Texas coast TfT-7-BFRiER & T 5 &, [BROB
ORTHBE & RAfETH S,

— s KIS T R3S L FBEAME 2y 2 LRG3 AR ERR S 5 B OH
FERICHEL C BENDDEEL U0 b D Th D, LichiaoT KIUF T A% 5 DI F
MBI nieb T LI ToEENORTEONBE LIIEL o 2T KT 7 2RI
THBECOWCTERTLILNEELVTEAS, Foiewdic, Table 31X FF2@EH DB
EofEamL, Figs. 6, 7 (3K T ZAXBRIN B OMERFDLL oo KIUT 7 AL O
B MR, 0.30~0.35 FHicsh L T\ %,

MEBEEOBEEL, D-1 510 T-1 ofE—Y v 788 AEAERZRLTEH D, &b

s
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Table 3. Data on sand-fraction component and roundness of core-samples

D-1
: : Mean roundness
Sample Light | Volcanic : Dark Plant Mean
depth mineral glass Pumice | ypineral fiber Others roundness (eé(gﬁg;ic glass)

2.5m.|  8.79% 5.79 | 70.89% 5.204 9.69 0.09% 0.34 0.36
6.0 2.0 15.6 33.9 11.6 34.2 2.7 0.30 0.33
10.0 1.9 7.0 80.8 3.7 5.1 0.0 0.34 0.34
13.0 4.9 15.3 76.8 3.0 0.0 0.0 0.32 0.34
15.0 3.8 53.1 32.5 6.2 1.4 3.0 0.26 0.33
18.0 4.4 54,4 23.7 9.2 1.3 0.0 0.23 0.29
20.0 5.5 46.5 28.6 12.9 2.3 4.1 0.27 0.31
23.0 1.3 63.6 15.1 9.8 9.3 0.9 0.25 0.30
27.0 0.0 27 .1 53.3 3.6 16.0 0.0 0.27 0.29
31.0 32.5 5.0 27.5 33.0 2.0 0.0 0.33 0.33
35.0 31.4 10.8 20.1 34.7 3.0 0.0 0.34 0.35
36.0 8.2 6.4 22.7 5.9 56.7 0.0 0.33 0.35
39.0 6.8 4.4 22.5 16.0 50.4 0.0 0.31 0.31
T-1

1.0 10.4 10.9 48.5 29.2 1.0 0.0 0.32 0.34
4.0 26.7 3.3 37.8 34.2 0.0 0.0 0.38 0.38
8.0 0.0 0.0 92.5 5.4 2.1 0.0 0.38 0.38
12.0 6.7 12.0 66.0 7.7 4.8 0.0 0.33 0.37
16.0 1.0 0.0 97.0 2.0 0.0 0.0 0.36 0.36
20.0 8.6 7.7 58.7 21.2 3.4 0.5 0.31 0.32
22.0 22.2 20.2 32.5 29.5 0.6 0.0 0.33 0.35
23.0 6.6 10.5 58.9 13.5 10.5 0.0 0.31 0.33
27.0 34.0 5.5 23.0 37.5 0.5 0.0 0.33 0.34
30.0 13.6 5.3 36.2 13.0 31.9 0.0 0.35 0.37
33.0 9.2 6.2 68.2 13.3 3.1 0.0 0.38 0.39
35.0 6.3 19.3 53.1 18.8 2.4 0.0 0.31 0.32
38.5 37.8 4.4 18.0 40.0 0.0 0.0 0.30 0.30

CTFEERD FENSHEY L Y O FREICHI DO TERVET S 2 2 EMVEEINR L 5 & DR
W KIF 7 R E M2 HBEILLLAA, BRALMETLEbbNTE D, BEELEWNSD &
Z2 b5,

T-1 + D-1 offik— ") v 7HEEMOMBEE » Lied % &, &fe LT T-1 ohrn@E HEHa R
LCuw5,

3) EE: FICEBIND Z L, MBHBEREOKERONBEER TS D 2 ETHD. AR
TR T ICDTH S H 2% AR S & A DIERDCHEMICIEAL S T — I
FnTh, 7z TEHPRIC L > TRELINL TV 2B CERRINZERIND & &1, JFH
CERTHDIC B Te e Lieio T KERD R GRI D 72 % s f i+ Z 8 o i o 3 7eft
BB, WEMREMICE 2 D5 LIZTER

ke s LIXHBENS HEEIND, Tihbb, KUK T AXRALCHEET S, EBROH
BEFE 1T 0.30~0.85 OBl RLTH D, —ICH e b FBEVER A TV SIEDCE/D &1L,
RERENRLDBND, —Blx S FE BRIUSGSOE N EBICEET 2 W0k T
L BERESEETH D, Rk 55.8% w L, HEEL 0.39 v i&EGEEZRL T
Do

AL 2 B e AR 2 5 BT IR B 7 DI HANEYRER O HRIENE 2 L 7 7 R IR <
SAFT HBRATEIKENSTON L 5o & DEIKEL, FBiios /b BERCHI > TRE L 2
CHEHLIhDTED, ZhbVEMINERINC L - GERI L CHZEETR oo i iHiaIR
ETeBD T R BETHSIITHHER

—J, TEMBO FHMEBROMEL AARNTHBCE FELTH D, Tha@flTs—2
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DRFEE LT [WEMDDOIFEA] L2252 TE& 5L TTHEMLICEEDTHD, L,
M@ﬁ&®%%fm,Tﬁ%®I%1&Lﬁ@@iPla&wﬁbf,%Eﬁ@%@%@%a&%
s i py BEEREC T-1 o g iz it D-1 x—) v 7O FTREZIC KT
ENSECEALLETHREL BTHRETEAL I o—2DRETH D [HHKEDSH
Fe U D& T WRT2hhmME s Er bithe ‘

MEEE OREMZELIC IS T Hi @%hh2$@f Uy ZrHIIE@L T REY L D
TEE FE AR L e ORI MRV EBE AR L T %o SO T, Rk HEBEICIIRZE
#ﬁ<’C®h®%%h®@@ﬁh%uﬁ<kofb@i?k%ooﬁO@T“ﬁkLT,:@@
WICKIK2NBAL TV D EEEZ D ENTEL 5,

3. E ¥ M R CRHEY)

) F 3BeHL, K=V v 7 D-1oay—,ns 104 T-1 50 9E i 19 EiE o7 3
BHC AR A I % T BFRET IR TRAICE L, KEL e b ss 60-115Mesh TREHIL 7o
S A DI S i 2096 DEERIC AL, 10~20 5F T A, KIEL TR 2o R AR
Ly TV—5—8s 7V —7— et 5e L 7-558 (lijima, 1959) &% f\ CEHEWDEEZIT o
Too BWREL T, HE 29 07 %F Ly 7T I 7u<l FPAERAL %,

Syl B A 4 TEIC Y 5T 0.01~0.028r. 2 H, AT A FH T ALY LTEZEL,
RGTEMEE T CEEL 7o 8 FOESY L, mechanical stage # AT 7 v ¥ 2y v 7V v 7L
T 200 fEZEE L 7o,

2) R EEwWESLL Tigs. 6,7,8, fs)1 ¢ Tables 4,5 i RT 2D TH%,

—fRICBAL B U B L, AR, v VR, WEEG, BEREKS K OVEBREE RE & L D,
AR U CHMAESEYRR TS 5,

K=Y v 7 D-1 oy b fucis, AIPROEIKE 070D S ER TS0 SNHDHD
b DB OB A FLIC L TRBE L BT H D, HERERIC SRR DB L icb D 2 &
2D, TDX D I TRENEENL, ESAYRER OFEEMNZEL D BYHEOK LA FAA I H 3V B
LI HMERITE D L - MAB TV 0 TEA I, 2T ROIFFICDVBEAT & OEEW

Table 4. Data on heavy mineral component of core samples.

D-1
S;g{)}lle Hornblende Hypers;c-h enel Augite Magnetite | Pyrite Zoisite | Others ggf‘nl
0.2m 6 14 153 25 0 0 2 200
4.0 24 22 27 38 84 0 0 200
8.0 1 14 33 12 94 43 3 200
13.5 15 47 29 99 9 0 1 200
18.0 0 22 11 23 146 0 14 200
21.0 30 49 32 45 44 0 4 200
22.5 15 72 91 20 0 0 2 200
26.0 43 49 61 39 0 0 8 200
29.5 20 59 84 35 0 0 2 200
34.0 10 67 53 68 0 1 0 200

T-1
2.2 28 72 74 19 3 0 4 200
4.5 10 63 62 62 0 0 3 200
10.0 18 69 54 57 0 0 3 200
16.0 6 34 29 115 12 0 2 200
22.5 15 72 91 20 0 0 2 200
27.5 3 45 28 121 0 0 3 200
30.0 4 50 38 103 0 0 5 200
37.5 6 48 42 104 0 1 1 200
41.5 10 52 41 30 1 4 4 142
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Table 5. Ratio of hornblende, hypersthene, augite and magnetite in core samples.

D-1
Sample depth | Hornblende Hypersthene Augite Magnetite
0.2m 3.09% 7.09 77.39% 12.69%
4.0 21.6 19.8 24.3 34.2
8.0 1.6 23.3 55.0 20.0
13.5 7.8 24.7 15.2 52.1
18.0 rare 40.3 19.3 40.3
21.0 12.0 29.5 19.3 27.1
22.5 7.7 36.3 45.9 10.1
26.0 22.3 25.5 31.7 20.3
29.5 10.1 29.8 42.4 17.7
34.0 5.0 33.8 26.7 34.3
T-1

2.2 14.5 37.4 38.4 9.8
4.5 5.1 32.0 31.4 32.0
10.0 9.1 34.8 27.3 28.8
16.0 3.3 18.5 15.8 62.4
22.5 7.6 36.4 46.6 10.0
27.0 1.5 22.8 14.4 61.5
30.0 2.1 25.6 19.5 52.8
37.5 3.2 24.2 21.2 52.5
41.5 7.5 39.2 30.4 22.7

& TR TR EERER & A R\ - A E SRS T L MAP0A, RS X OO S F A G TEL L,

Fig. 8 35X v Table 5 iRl 72,

FHHRER OFEEE(LIC BT BRI h sk, K=V v 7 T-1 5100 D-1
HFLC, FTHEEO FEHCHBRENH TR TVIHEETLS, FICEEHINS AL, Fig. 8
CRT LS, 2RDE—) v 7 e TN ENRE 22.5m 5X A TRBYKOETEERD 2 &
Thibo, LnhZoE@RETIL AN vYEA WBERS L ORERE O --hEZhoaahi,
MR~V v 7 EABARC—HL T LHEIRFEINL ). Tihbb, IDORBUETIL BHHEED
KILEEK SRR D KB A #E L TV D e B2 HZ N TE D, COBML, K-V v 7
D-1 Tyt Thy, T-1 THEBAEDSZVWRETE 2, LI bohibb T EEYHRER R
LTWaZ el KUKOBAYEEEZTLEDERZL Jo

BEYHRER 2L % Thh S BT &8 5 Th 5 &, KIUKIBEADBURLDES b THELET
T, 2ARDE—Y v 7 EABEERBEEELELZ DOV £ LT D=1 TR EEIC
Z\on T-1 TR S B dd, LaLishyb, KIUKBHELE S bbby L b
B IO LEEWTIE, Eug CEA ML TR BT AR A RL TV 5,

3) EE ESWRERL oKEDY 2L AR Y VL, BEEAR OB TEDL Z b,
BEARIL KIS 7V UKILRE A TH D L R SN D, $70 —HIC s TN OEREM OB A
DIFFED D, —HOMIBTE L U CEREN DA 5BV HE I NS, LB DERIL, BRIV
B TEY, EHEHOEHBEERINCLDTEHAS S &35 [FEN] 0EHTONLEE
BEFELM

A=Y v 7 D-1 oy L b icih, EBRENSEICHL $hbe S, FOHERMERE) MR
ERETH ST AR ThDr Bbhs,

2EDF—V v 7 ar—o, L HICHEE 22.5m 5 A KILKDOEAL G LD HILDHEL
CHHAFE—BETHD, VhPLEEE LT TEMETCIR B TEDS e nlfifvaid, &
DKRINKEREZ L 5T, F—0 v 7 D-1 & T-1 2 OHENTEETEHS S5 ZOFRITTHAELE
DO EEE —BT 5 oS TERMDORTHBENEL L K- 1L TTIERAL L
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B Thodo TDZ T, FHRMHBIER Y O T Cu 7o BIHHERE D KILUIKE T 2 BN 2HET
259, :
EEO KK GO, TEMBOHEMEELEBRT L ACIEEREEN L LDOLE

15 4

204

25; o,
—o0— HORNBLENDE \
—-¢—~ PYROXENE * N e

...... o MAGNETITE

Fig. 8. Percentages of hornblende, pyroxene and magnetite in
the core samples of the Holocene Jusanko formation.
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Fig. 9. Composition of heavy minerals in the Mt. Iwaki volcanic ash overlied on the surface
of the Yamadano marine terrace. S : Sand dune, I : Iwaki volcanic ash, Y :
Yamadano sand.



HFRREET WO RE 19

2 bide Tibb, KUKBELIIATETCTFHEE: RFEHY L P ENREL T 500 T
&0, Db THEEOMCIRRIRIENRR LD LD, Lickis T THEBEEECIL, R
HEAC (up-building & LC) Iy L b 0 HEREL 722 IR o, ST TEEENAZS
fAEIE o4 & L C—Eyic out-building DA CHEREL 7cD Tldie\ 2 & %, & oKUK /E%
IWEE STV 5D THED,

—F, TTCCHELROETERML 72k 51, KKETILESEREECE S RBREL O 5, &
D KINKE E+ZHET o KILKE & DEEIRA 415 71, |HEE B ko KILKE O BRI 2
VTR L oo BATL 2B OFRK S £ O T o Fig 9 ICR L, MIRFRMIL S L 02
RETIERIC TS, HHEE ECAREAT, Shd € i AmbiEags, 60~100cm
DEITDo TV Do ZHEITEFYHN ORI ZEDHLEH LV EA2Y 7 KLUKE? 1
~4m DB T, FREES X OAEHIE LS AT 50 &0 KIKIE L MifdoEAE & DB
RIZARHTH %o

DI HEE E A w85 5 L KUK g o SR E, T ZiJE oo KIL K E 705055 DK &
EBR L B DB, Tinbb, FEMERO KK, IWEBREY &5 5 EARKILKD EE
HIOHLVKLKEEZ bLh, b DEarnEIRiE, Table 1 17T L350 Th o

4. % B X 9 (5EHEY)

D e T-1 sofEbhi-a7r —3080 5 b, A 8.25m, 9.60m, 13.90m, 19.70m (&b
Hyov b #RiE), 24.40m, 34.20m (FESAEERRE) 0 6 HC OV TR A RD o, RN
EHIRICL THOMTL oo BBREY Yo —x 38—} U0 3. 4m SPEEFHFHILI/CL D, 1RE X
C2WART b VL fco MR AL 7 BESURLT PV v o T 1 (ER) QRS &
FLEFIEE (B, 8A) WKLot AY v ik 20/1,000mm, 905, EHRILHIL AR
YT N WREA — A Y= ay y 750aHtH Noo 1 s ko N-1, Bifg2 D-19, 345 Th%
(HOEGHAT, SBERSH) o
2) R gEpollEERE A2 Table 6 31 70,

3) BE: MERHOHRND, Tl HEREREE L OBRIC OV TURE T 2, AEOERIRE Y
BT 52 &1, WEBPWICERRZ IR £ TV HEHEREOMMHICHE - T, HaE
YIZEN & %\ L HVESREOR OIS, (BRSO SRR B S IRET T 28R T ET hads
WfTh T\ 5, Fl, Degens (1957, 1958), Keith is & ¢¢ Degens (1959) o #H:fE#rR @

Table 6. Minor elements in the core samples of drilling T-1. (ppm)

A B C D E F
8.25m 9.60m 13.90m 19.70m 24.40m 34.20m
B 100 90 80 90 50 65
Ba 360 240 500 450 950 400
Co 28 18 28 25 25 20
Cr 75 75 65 90 48 90
Cu 70 45 100 80 75 60
Ga 28 23 25 25 32 32
Ii 40 60 75 75 40 50
Mn 1200 800 700 700 1200 1000
Mo 2 —_— 3 —_ 3 3
Ni 32 20 36 28 20 20
Pb 20 — 25 —_ 23 15
RbD 150 120 180 150 150 120
Sn — —_ 18 — — —
Sr 180 180 200 230 360 280
Vv 360 360 280 320 280 320

(Anal. K. Takahashi)
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WERSCETE2HAC L T Ga IPKBRERY ORE 4 5 5 b T sk La e TE, $
Rb, B 13¥/KSERMOEWTE T LS & LRI TV % BIZZ OBfgic s\ T, Degens

IRV Y NT T =T IO Ry Y LT T = TRROMBIC/HA LT BERS)HHERERE Y H
HrL, Ga, B, Rb o Z@liHic & 2BERAREL 700

K=V v 7 T-1 06 fHoa7 -8R bELRAEBENSD S b, ohbOREEHE DRI
LLLTEYTHS L BbN5 Ga, B, Rb o g &%, oBmERCY oy b LThic (Fig
10), KB O L 5, 6 EoREL s 7c { faesh-Water zone DfiiE % L&, = D=4
WX BIRERDHETT SR D, TZHE0HRBREII D ELIHERETA I L Bbh b, Ttk
W oI, BEMER X AP EDEN FRCEMAES SRR L ST EoR 4, F—XE
R LTe CHOERHERED E TEMEO LD L T, BEERHEENREDBNLD,

Ga, B, Rb 5%, HiC B i @A A LERO RN (150~200ppm) & IH#L T, D
HHEEITZEDL <DL (60~100ppm), FEERAHE R BN D BIXEESERS L ORILIC X 5T
ETRMEET D00 KERELLTTE TS B0 T TNOLOERTHEL T, HYWICERE
ik B 3% < IRBRUB TR CREBIIER LRV D EELZ BT %,

ZDMDOILFETIL, Ba, Mn, Sr, V ic & 218\ 0% BRHEREY & B L CRIFTNEZRIA
Wbt forE Lig, MEKHEREY (60~160ppm) & Ib# L € 40~75ppm & 737 b K\ H
w3

LR~ T-1 o 6 HORR O M ERS DR D, EHICREAEH T2 LIZbDHAG
BTH%20 Lol B, Rb, Ga ot an bkt s e, DL IEGRETELZ 01X

Ga

Frosh-Water

Marine

Zone

B o0 Rb
Boron

Fig. 10 Relative abundance of boron, gallium, and rubidium in the
core samples of drilling T-1, showing comparison with that
of some marine sediments from the Japan Sea and the
Pacific Oeean (hexagons).
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RMELUTERTEL 5. Lo o fie T, REHE OB RE ) 2+ BT 30

EEZDLRD,

5. L R-BHE GEEEY

1) HE:Table 7 st 135, £—V v 7 D8 oary—ni 6@, D-1 55 10E T-1
b 1048, 32630k 475~ FEWMBAMICTIH 75 L ST 720 &30ENT, #ERE R
LT 5gr =30k b, ks 200Mesh (FL& 0. lmm) LT/AYEL, # LOBHAWMHICE £15
MR T L 7o,

2) #R: FEINhc#MeRR, Table 710573, &0, BILAEDAERILDV . BEECHE
M7 EREBINSE L BRI ShTnlad ity e TofM B ECwmRo P &
ERFENRTV D, LT, 3KDK—V v 7a7—kD0T, Fhiho BILAERERE D%,
(Table 7),

K=Y v r7ay— D3 T2, BE 2.8 5.0, 6.8, i 9.0m o&@EHEIC, JTTHATOR
MECELT 2 HFLRE Ammonia beccarii (Linnaeus) 234k b s BE 18.4m i1, =
DOFE L 12T P OTRSECEL T 5 A7, 0 Elphidium advenum Cushman 735.¢ ¥ %, “hb 2
HMOBKEREEOHILRIING a7 —efichico T BEBILAENEECHDLNL,

BEELAEL Ll BEOHFEEETS S Coscinodiscus 2 Arachnotdiscus 7 & 235 < Fh
D30y HERRO b OBECR 7 & o R bR R S i,

K=V v 7 D-1 oay7—Ti%, B8 0.2, 2.5, 510 5.0m 0% BEBCHEMAF Y S RITEL
L WEEEYILAIT R L D bR, BE 10, 16, 22, 26 ¥ 1 ¢ 39m o4& J@uecI, Ml
Coscinodiscus, Arachnotdiscus p \YENIC 5 < TN TV % LasL, 20m 33 ot 30m g«
L WEELEAL LD B o, BRI 34m o BUETL, BIGHEG LR Ammonia beccarii
(Linnaeus) 23 1 fE {45 < £ Ty 720

K~V v 7Tl BE220, 3x0030m oL 07X, £Men Coscinodiscus,
Arachnovdiscus o 2 FIROWERHRILA OIS OB EN T D, SR b oM, LML
AlEHBE DL,

3) FE: - BEEFHOBRIIFEC/IEITE S 0 (B lmm DUT) FAMERCH b 5T
DRTHLRIC L - TR Y & & AICESTER SN T Vo 70 BOBRETH L ORLE
NEELS, MK S ILINTHLEBENEIMETE NS, Lo T I bOBEBILAIIR
XUl D RNEHE CHERINS TN S D0 20 LD 7eBlil, &L OHBTHLN TV %,

—75 AKEEN OB EINLAFLEFL AAD L5 BKEDO LV HEBRTIL BXKCRIAM
IHAIND L ARG N THRYPICEEI NIV 2 E0E 0, LIchi»C HRMP BT
HARKEBEFLROFLL, T OERBRBENER TH oo\ ) /il e L CERTE 520
MAEEE B A Ll 2 MEEMCE O FAL, LT ULAEBRTE - 2R T L3R L. i
DOHREXERTSH L, TEZWEOHERBRREIRD L CHEI NS,

K=Y v 7 D83 Tt &BBCHI > TTETTCEST 2 EAER TS 200, 2h
CEROTE TCHfcb o tERmIND,

F—V v 7 D-1 s, WREERe oS TEICREL, & HBECITESEN b2
KAICIZER 05235 L5 T, ZAMF 2B RO RFBBICHLEL T cdbD 2Bz bils,

K=Y v 7 T-1 e 8 U, BEERE O THEHTHOLT, LoftioEE LRI
Sl BEERBL, BUC X - TAHER I TER I B ERAEbRVERYERCAND &,
COHATEELENT (BELAD) OFEL I E 5T EROWAD R KB T, DR
CHERTH 510t ELDONRETESL, W THICE L, BREDERINOTHE ClX TS
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Table 7.

INE -

Distribution

=47 - BH - N - BHE - T

of Micro-fossils in the Jusanko Boring Cores.

Core No. | Depth (m.) f

Fossils

D-3 2.8 Ammonia becarii (Linnaeus)
Coscinodiscus, Avachnoidiscus, Melosiva
Sponge spicule
Radiolaria
Plant fragments
5.0 Ammonia beccarii (Linnaeus)
Coscinodiscus, Avachnoidiscus
Radiolaria
Plant fragments
6.8 Ammonia beccarit (Linnaeus)
Diatom
Radiolaria
9.0 Ammonia beccarii (Linnaeus)
Diatom
Radiolaria
13.4 Elphidium advenum Cushman
Diatom
19.5 Diatom
Radiolaria
D-1 0.2 No marine fossils
Plant fragments
2.5 No marine fossils
Plant fragments
5.0 No marine fossils
Plant fragments
10 Arachnoidiscus, Coscinodiscus
Radiolaria
16 Avrachnoidiscus, Coscinodiscus
Radiokaria
22 Arachnoidiscus, Coscinodiscus
26 Coscinodiscus (very rare)
30 No marine fossils
Plant fragments
34 Ammonia beccarii (Linnaeus)
Coscinodiscus, Avachnoidiscus
39 Coscinodiscus, Avachwnoidiscus
T-1 2 No marine fossils
Plant fragments
8 Avachnoidiscus, Coscinodiscus
10 Arachnoidiscus, Coscinodiscus
18 Coscinodiscus
20 No marine fossils
Plant fragments
25 Coscinodiscus
Plant fragments
28 Coscinodiscus
Radiolaria
Plant fragments
30 Plant fragments
No marine fossils
33 No marine fossils
Plant fragments
39.5 Coscinodiscus, Avachnoidiscus
Radiolaria
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Sty I LEHO T-1 S TR I DD UATIDOTE TS fcbD LR TE X

Jo

ERDOEZEND, T Z1E O HEEBRRIIVEC AJLAOBENMEE TR, HEANOMONH
LD T BiE ) 4km) (L O 724 oM DT OB MSIERTH D Z LA MEINR D,

6. £ & (TREY

1) HE: K=V v 7 T-1 oar7—nb, 8, 20, 30, 39.5m OBEE D 4 HOFR AL 7o
FHRBE AT OBE - VAV YETHD 70w, BIWKERS JORERCUWEL, 3R 2iRMEL 72
e 1096 B 7 Y oW AR Mk, KEEL TRODEERCHY, X BIOKEER TR - T LIBHTER
LARIKEERR - DR AW TIERE X, BHOUKEM T KL 7o 2D 0BT FEL D0 EE
B, B2 BIYO LECEREIR, CAF I ABTATIL YICE D, 7)) v EY
—~THAL, BT TEZEL oo BATBHIC OV THRME 100 FH4 RZC AV 10,0

2) fE: EWoBFEHRMEME Table 8 1RT, 4HONMEAR LD U TEKREN»IEEC
F\o BARIEMIC OV TR D &, SHERNDR CHREEIEETEH D, 2R LTHSE, TEHM
D BEE I BEME(I AR L DB,

Quercus, Fagus ¥y O¢ Acer 13, BB 39.5m 7.5 30m Ziircoe8s L, 20m BRIE T
L, 8m CHOMOMEMICE D, Zhuc L, Juglance, Carpinus is x ¢ Betula (3 F4r
NHERE 20m G EmL, 8m KB ST LTV 5, Alnus (TEEE 39.5m T 609
DERYFTH BE 30m TIEED LWL, CRUEBTIEOSHMOBER A28 So

SIEERBITERY T3, Pinus » Abies » 7% 8m r 20m OBEFEIChHT 5L Tb, Cryptomeria
T ERD 5w b oo VEEERTEY (C.O.L.) 11, ERCTILH51MLBEEORBCEL Thb, &
ARIEKY Tlx, Cyperaceae, Gramineae 15 ¥ OIGHWEREY BN S\, EEHBBORTL S5
IS ENTV 5,

3) BE: FLAROBENOHREIND G L HREC OV TORK D%,

T2 MR, RO MR, Quercus, Fagus, Acer, Juglance, Carpinus, Betula,
Alnus 7g & OFEERNT, Pinus ° Abies fv & 08B H TR TV TRETH o7 FL

Table 8. TPercentages of tree pollen of the core samples of drilling T-1.

Sample depth (m) -ooooveeeieneenn 8 i 20 aeeeeeennn 30 ceeereeeens 39.5
ADLES oo O ceereeieans 1 e, [+ U 0
Prmas oo ovveeneee e s 4 [ R PP 0 ooereeeeeen 0
Cryptomeria - - ovovomvvenineiii 1.5 eeenen L 30 TRTOPIRTO 10 —coeeeenenen 4
Laviz -« ooeiiiiiiiii [ T PPN Qe Q  ceereereeenn 0
C.O. L. oo T 1.5 ereenenns T 4.5
Tlia@ - ooooevvveniiiii 4 e 1T v O creereeinens 0
Cayﬁinus ................................... [ TP B .5 ererenenin 8.5 eeeenens 2
Coyylus ....................................... 1.5 eennnns 2 O eereeeieens 1
Betula------oe e 10 ccoierrienen 16.5 e veeennn 8 e 5
AIRUS <o 29  iiieian. 25 e [2; TS 60
QM876M5 ....................................... 13 e 11 e 29 ceieenans 14.5
Fagus .......................................... O 4 b BT 3
UIMmags - ooeervmerrieeaeeennn 8 e |- SO [ J U 0
TLOK - venennernee e O coeeenennns QB 0 ceerrneennns 0
Acey oo 18 e 4.5 .coennn T 2
]uglan(;g .................................... 3 e 8 el 8.5 ceeieiiinns 1.5
CaStANEA -+ +r-ovvvarrrnneniiiniieians ) T, 0 oiieiiennn 1.5 cceeennnns 0
SAlLx coovcvreererr e 8 s 4 8 e 0
RAUS vovoveieiiiiii 0 coevrernnns QD e 3 e 0
EViCACAAE -+ revvrevrieneneiiiiinins [0 J R, 0 eeeeiennnn 1.5 cevenneen 2.5

Ratio of tree pollen to total pollen28 ------.-e-e. 31 e 20 e 37
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T ARHUI A FBEO Y Y Y BRI O ER L g LEMT S - 7o,

BRIE 89.5m (9,050+250 48 B.P.) 12\ ik, WBEEAER IR XS nEEo & T, 18
HC Alnus 5B T o7, FOBOEERE L BRSO L & b1 Almus DN
Zo DMBIZALE L5 mREED B 7o s HEE SN D, o, HEENRRs SEa S, OB (Lo
ERIN D 525 BEERGBEEMER E DL,

7. HHMAFEBRY (SEHEY)

1) i WP OBRMO NI, HHERREPAEEOME E b kb o & L EBIC
TR TV2HETE B, HEITZWBOERMOITIL, AR X 283Gk (Soxhlet
TR AV, O BOHLIE A RN ERT 5 DRIk 7 u = Y 77 TEmE BV,

HEARHL, K=V v 7 T-1 55 1048, D-1 55 10 fH, D-8 55 5, 25 @ TH %,
150mesh - ECRRL Z-irsgatlt 30gr 4 MIMEEMNICE b, v ¥y, TRhv, =¥/ —L
(70:15: 15) oigA¥fA A\ T, Soxhlet HiiH2sc#y 10 BEFEMBGEH L 720 Lcino T, Z0
BAOHBEERYNT, ROESERICTIE B o 2o Bk, RS A e LTl e
NTUTRL o EHIC, SR & 2o C b RO G E MO T Lo o Lk,
Pre &SR B D P AIRE TREIEAMICR bR T %,

BRI I o TE S MR HE G, —C 7 — VROEEEME TH D, = OHEme 7
NVITBEE (Z7a< &) T w-~IHv, vE¥y, ¥IVUY, 7y, =9 )—L&EE
FE LU CHEEIEEIR ., COBETHELN #-~I Y v iiEEL T 74 v - F 77 vRRlL

Table 9. Organic extracts and their chromatographic fractions.

o11s i i Kok
Drilling Depth (m) Extracts [ Chromatographic fractions (94)
location (%6)* Pa.Na. Ar. As. R.
T-1 8.25 0.10 2.6 5.1 11.8 80.5
9.60 0.14 1.8 4.0 18.0 76.2
13.90 0.13 1.6 1.2 14.0 83.2
18.40 0.14 1.8 2.5 25.2 70.5
19.70 0.10 3.0 4.7 18.7 73.6
22.50 0.09 4.2 4.0 21.7 70.1
22.40 0.26 2.8 4.4 10.3 82.5
28.50 0.24 2.3 3.8 15.9 78.0
30.20 0.19 2.5 4.3 7.8 85.6
34.20 0.27 3.8 6.5 15.3 74.4
D-1 4.90 0.24 3.8 4.6 9.1 82.5
6.95 0.18 4.6 3.8 13.8 78.0
8.70 0.10 2.8 6.0 24.4 66.8
9.85 0.10 2.6 2.0 25.0 70.4
10.20 0.08 2.0 1.6 28.2 68.2
18.85 0.07 3.6 5.2 16.9 74.3
18.80 0.08 4.0 4.2 29.0 62.8
21.50 0.12 4.8 3.0 20.9 71.3
27.30 0.17 4.2 3.2 13.4 79.2
32.90 0.15 3.8 4.5 23.9 67.8
D-3 2.4- 3.2 0.29 4.2 3.8 6.0 86.0
4.5- 5.3 0.14 4.0 3.5 13.5 79.0
6.5-7.1 0.20 2.0 1.5 20.0 76.5
8.5- 9.3 0.12 1.8 1.2 20.0 77.0
[ 13.0-13.8 0.15 2.5 2.5 35.0 60.0
* Wt. percent of sample *% 'Wt. percent per extracts
Pa.Na.: Paraffine-naphthene hydrocarbons (n-hexane fraction)
Ar. : Aromatic hydrocarbons (benzene fraction)
As. : O-N-S compounds (pyridine+acetone+ethanol fraction)

R. : Remaining on alumina
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KE, v ¥ Ve BRERR(LKR CIV VY +T X v +x ¥ 2 —LiitiEa O-N-S (b
B (TRT7 TN M) LU, TV PRI BV L e o e By (100-F Ry 0 H
PHROAFE) L LTELL I,

2) R ZhEToREBRNDL, TR 0296 DT EE S — VR THEREE Y, 0.1
~0.296 TIHABEAR, 0.196 LT TIXEREOHRBEO MM ELN T Do SHTL 72508 25
B b, e h oRHEEERMIELRIA COBEGOHBIOMERIL, AFRMCEBFE~Y
TEDTV—A~T v 7 ZREBL I E0E-TE S, Co L) eERE, F7na< 777
KRS & BB L, WS ORRD T BEN DSV FER L L TH Db TL B,

HHIE G R B s L OB 7 v < v 77 7RO ATRE k. Table 9 s 1 ov Figs. 11, 12
KoRL 7o BHEMEIL, ek 020X (D-3, B 24~3.2m), H/ 0.079 (D-1, BEfF18.35m)
Ty AACERE Tm ;b Efrk, 24m ;) Fuo FHAEEHERCS L, REoFEy v MR
JEC T FEB D e\

n-~F YV EM ORI, EEBHO ML ME T, AR D b D 2 FBE
319 :4gD TEERTH Do v ¥V HEMIREO~ATHOOSCOMMBE 2 HF O ME T,
36% L NLBMDOTEL Y IVP VTRt v+2 ¥ — e, By —VROWET,
¥ 18.796 & BALKFEMIBACH L T 2~ L BIERHABEI N7 Lo 0 iy 70~
80% N HEEINTICTLIFHIEBET 2, 0L, #MEmbo7o<t 75 7#0T £
fieEic iRAERSE Sy, O-N-S (LA#m 5 o D\ e B b i,

WH o BRey (TEW) e, Figs. 1L 12 Bbh o, BRI N 218 o 2%
FRUCHERET D7 biE, ARENCUEH & PR 2 I e AEEE 2 R L D B Do

3) FEEL: AW EEME S OO 7 u <V 75 7O EENS AL, DR D
< TR A FRRL TV 5 D Tl b a2y MR (ZEY) ofRe X
LU CTERTNEHREEBLON D, Tobb, MBHEOBELELT, 23828 CFEARD
SZRICEEI, FOFERC FEHEREC THEBICHE L THREY L IS, M
TEHEBEPCRLSECET I, FEHY L OREBCEN D SE ALDDA D, BEY L b
HEO TEEHTREDL <DV &S D CTHEE S DEERIELN T 5, CHHERRCHEMA
DEBFEORELE, FHYEEMOEE S S IBO THTMATH S, —MC, HERUHERE
ERORMIEGRITL, KIUFEBMOIEA D B HE T, i LICERME B L Ty
Do T LD IHREERN D, D ChFRERY L L EEL, Ao MRBICZ LV RET
Hotob ok Bbts,

7wt 77 7#l e, ®{k$FE HC), O-N-S &% (As), R IU&#ES R) @i
EWRARRICR Lo Fig. 13 Thz, I ToONERAYSRT L L, MHHEEERDT
HC » As pimnie 0 < &%, ZAEEORIEHOLEEY HD 500 BRIGEVCERIE Y b
DENEDL, MOTIZED LD o TRBH LD EpsmbhT 5 (B, 1960),
Fig. 131013, B 7=, WO B AR R P BEERY GO 67 /), KFrEaiEl
PR (GURHE 18 fE), s X 0N (RREHEREY GURHE69 &) (g - &H, 1957,
EH, 1958) b E b - EHHYER Y o2 AEETED ZREYRRL . COXKTHL
MWie X 5 PEEEORRTIL, —E B L EEL T-52% JEBROBE LD ¥
HC &, v Fho IWBRHCEFINFO L o & s, +Egosashs HC &
As DENED L Pl BESOSVEHEOIEREIND, b DbAHA, HHERMOMER L H
FEIRSE - OB, REBHRICKRN IR TV 2 2 Tid 500, b oHRER I OEAEE
bR T, TEIEEEERD T/, MOy LEmKEO AT B\ THREL b D & #
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Fig. 13. Triangular diagram showing the HC-As-R composition of
chromatographic fractions. ® =W

K

"X ND,

8. G (k3 EROENER

B HH (C 351 D g it T =W o M DRI, M B0 RIE N BB RE D A RT
EES FThiclo K=Y v 7 THRLNERED 5 5, PIEILED hBEREES 4 538 No. 1 &
OB 27.~27.4m . FBEAJERIC KT 5 T-1 530 8gE 39.0m 5 HEEL 72 KR 2
2 B0, CUEIC L - THIFERAHEEL 7= (FBHAFOABRABICTHETE) A<k 0B
frigiz Figs. 2, 4 s p o8 Fig. 5 o RKICRL Th 25, WIERERL SEFE4H8 No. 1 o
27.1~27.4m DJEREH 4,040£180years B.P. #RL, T-1 x—VY v 708K 39.0m DR
9,050--120 years B.P. T& % (455, 1962),

IS D EIEE A, BRI AEIEO S UREICH T D e b, 45858 No. 1 o RN
SCREEA IR, T-1 1R UC < #EX FHIREE & ST %, B RoERIc DL T, £
MENE D) OERNBEINTE D, FHREAKORE & OBRY IO LRE &L OB E EE
TeRIREAILREL TV B & 2T, T EWMBARL C OVREN O THERERL T D, MBINRE
BRI TR E L LI HEL o7 3 8o 9,450+-400 45 B.P. (FR, 1959) =, ABKyh#E
BEEDAMD 9,360+190 4 B.P. (#E, Ak 1960) 7o icidig—HL T\ 5 & #5FET
HILEEDTE L,

Vg #mnEFR

W=V S A0 HREL, BB VEKE T S0m 1ck F aEERIoSEAEREL o+
SEEE, BEE: L TBIN TV S HSEER RS JORRIUMERD L biS, cbdD
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HAEBREC OV CoMELEE L €, BRI 4R A 5,

1. wBkEZTEEOER

TTICR~I L S, 1EE 20~40m oo HEREEY A R T 2 LU B R e, Sy K IEIS 4
ET2dborE2bNS, COHETELY FRIL T, Hig/AKET S0m Dl RcgEs 2 &R0
REFEEL D b, [HE B R IR g /KT 2 fThh Ty %o

BRI, HEARNO FTRETHOERTE L 213, TTRHRFALCLED THD, LI
T IHE B BRSO AR I g KB TS, YEKUER b —Br s 0 e L 7o & HESE
INDo ZOWEEIEL, WKEME TR B 2 a5 b 5\ /N o R A & b
ST TEDINIRETE: D BREEL, UABRES—FeESE CRETLOLRAD, HFE
AMNOTFHAINERNL, T2 A TIIHKET 20m L ACHEERL T2, TOLIK &
BERITERE: L TERT S0 TE Y, SREBEEREAOEAKBEIIAE TS 220 BEHE X
D20m DL EMETFL TV 722 S IEBELTH S,

BB EA EHICTHL TV 2 HERNORER, BEFRE L D S0m DUEEK F L T\ 7oA K
LIS TOMATE DY, - ZAFINEDRERE N HERRL T 5,

FAVEIERBIZ OV Tty BV R —Y v Z7ERD DU -0 F I RE TS 2050 Lo L BE
CHEELBEEORET D & Ll ARBELDOBRIC L 5 UL b AH A, INAHEZENLEN L b
HEEEINL S, CoBEEL TEMBORERE Z/TornBR by 20 RO E THEE
A ZWME R Lisholco BERBENRZEELCHBERCIIEIND 2 213, WKED
—RHE T2 THET5 0L 3 TE 5%, S0 L) REEBIAHNLMEINTE D (I, 1962, Y
B D, 1962), KimEIHNC & & 3 < Mk Lo i 18tk & %5 (Curray, 1960), L 7:235TC, & D
BEEHERR S P RE I EIC A D b D & T I NS, —T, HEW O LB Tk e & o [ERE & Bl
LT SSAH NI S REEIC R T, —fRICE L LS Ny K b, 2L CFERH:
LARSVIEHE BRI, RE e L R TR - - N TE D I o

+EWE, NIEHOATNEREE A S BS, SEARIAHEL-BEM TS5, F LT T
DR, C* HEHAEREIEI L 5T 9,050+250 48 B.P. #pd o & ah, 2B R HEHE
B THEDZLIZBOLNTE D, Lo HERINRKTMIS L7 0B R FERDEE D
HEREIS, SBOKERC IS T 2RO K %R - 2 bh b, 2B OB b, I THT
MR L 2 L D LN B LN KRERSBEEIMIMA TS It oo BEENRTRERLOFE
KDV TS B OBFRIC & 7ol sy 2y, SEOERSTofER T, = WEHRRIER %
B THOITNCRBILIfTHON I RD L NTED, LT HERNOERECEL T K
JIHIRNC X DM KEE LR NS ST E ETE L Jo

TEEEHERRSD ) D 70 5 SR B L, T2 0 HERSEM R IC BT 2 i o i KA R HERER T
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Late Quaternary History of the Tsugaru Jusanko (Jusan
Lagoon) District, Aomori Prefecture, Japan

Yoshio Onuki, Hideo Mii, Tkuro Shimada, Sadako Takeuti,
Takuji Ishida and Tsunemasa Saito

ABSTRACT

The researches on the geology and geomorphology to clarify the late Quaternary
history of the Jusan lagoon, with reference to the drillings and their sedimentological and
paleontological analyses, has resulted in the establishment of a stratigraphic sequence of the
late Quaternary deposits in the field. The relationship between the deposition and changes
in sea level serve to correlate the sequence with the world-wide Quaternary chronology.

The late Quaternary deposits can be subdivided into eight lithological facies, in the
order from the older to younger, as follows:

1) Yamadano sand, comprising a laminated fine-grained sand bed which overlies the
folded Pliocene sedimentaries with unconformity, and constructs the 40-meter marine
terrace. This is characterized by the flat surface and the same height where it is developed.

2) Takane gravel, five to seven meters in thickness. This constructs a terrace which
is buried by the Holocene Jusanko formation and is developed along the lower course of the
Iwaki River at the level of about 20 meters below the present sea level. The buried terrace
gradually decreases in height towards the downstream and lies at almost the same level as
the present sea water along the upper stream. The gravel is interpreted to be of river
origin and therefore, seems to represent a low sea level of more than 20 meters below the
present one.

3) Iwak: volcanic ash, comprises one to four meters thick reddish brown volcanic ash.
It is widely distributed throughout the area studied. The larger part of the ash was
produced by the fall before the deposition of the Goshogawara sandy gravel and after the
development of the Takane gravel, though a small part of it interfingers with the Yamadano
sand and Holocene Jusanko formation. Their thickness and grain-size increase towards
Mt. Iwaki Volcano which consists of andesite lavas, ash-flow and ash-fall deposits.

4) Goshogawara sandy gravel, is developed in the valley floor of the Paleo-Iwaki River
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which is a deep valley of more than 50 meters below the present sea level and is buried under
the Holocene deposits. This gravel can be attributed to the bottom deposits of the Paleo-
Iwaki River, and represents the lowest sea level during the late Quaternary sequence in the
area studied.

5) Jusanko formation, this consists of the deposits buried in the Paleo-Iwaki Valley,
and comprises the following three members, from the lower part to the upper, an alternation
of sand and silt bedsintercalated with peat layers (lower alternation member), thick soft silt
(middle silt member) and sand (upper sand member). It is obvious that the formation is
of Holocene age based upon the radiocarbon dating of the peats intercalating in it.

6) Dekijima sand, this is of well-sorted and laminated sand. It constructs the ten-
meter marine terrace which is narrowly developed along the sea coast and differs distinctly
in small grade of dissection compared with the Pleistocene 40-meter terrace built of the
Yamadano sand. This may be correlated with the maximum rise in sea level (Daly’s shore-
line) during the Holoc enetransgression.

7) Byobu dune sand, forming various types of coastal dunes of about 20 meters in
height. It is mainly distributed on the surface of the Pleistocene 40- and Holocene
ten-meter marine terraces. The smaller part of the dune sand lies below the major bed of
the Iwakivolcanic ash and overlies the Pleistocene Yamdano sand with conformity. The
stratigraphic horizon ofthe dune sand indicates that the development of the dune is
probably related with the fall in sea level.

8) Modern deposits, mainly consisting of sand. This is developed on the beach,
lagoon and river bottoms.

Approximately 470 drillings made into the Jusan lagoon and the adjacent coastal plain
show that deltaic, marsh or river sediments (the Jusanko formation), of about 50 meters in
total thickness, have accumulated during the past 9,000 years, since the sea first invaded the
Paleo-Iwaki Valley which was eroded during the last glacial stage.

Some of the drilling samples of the Holocene Jusanko formation are analysed to clarify
the grain-size distribution, coarse fraction components, roundness of sand particles, heavy
minerals and minor element compositions, foraminifer, diatom and pollen assemblages, and
organic constituents. The results of the analyses are shown in the tables or figures in the
text, and are summarized as follows:

1) Grain size distribution; determined by the pipette method for fine-grained sediments
and by the Emery settling tube for sand fraction. The distribution shows different char-
acteristics in each member of the Jusanko formation. The lower alternation member is
remarkable for the poorly sorted silt and sand, and positive skewness. The middle silt
member consists of homogeneous silt (Mdp=5-7) which is of negative skewness and better
sorted than the lower member. The upper sand member is generally coarsest in the basal
part, decreases in grain size gradually upwards, and is composed of sandy silt or peat at the

top. The deposits are of positive skewness and rather ill-sorted compared with the middle
silt.

2) Coarse fraction analyses of the core samples was made on the grain, between 0.147
and 0.295 mm. under the binocular microscope. All grains were counted until 200 inorganic
grains had been counted. The majority of the coarse fractions of the Jusanko formation are
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sub-rounded pumice grains and volcanic glass which may have been derived from the upper
stream of the Paleo-Iwaki River. In the middle silt, dark and light minerals are remarkably
few, and there is a particuarly high content of pumice grains. The lower alternation
member and uppermost part of the middle silt member are rather abundant in plant fibers
compared with the other horizons.

3) Roundness of sand grains between 0.14 and 0.295 mm. was determined by the
Power’s roundness scale (1953). The value is relatively low ranging from 0.25 to 0.35 in
general, and is lowest at the uppermost part of the lower alternation member.

4) Heavy minerals contained within the grains between 0.124 and 0.246 mm. are sepa-
rated by the method of heavy liquid (acethylene tetrabromide). The majority of the
heavy minerals consist of hornblende, hypersthene, augite, and magnetite which may have
been derived from the volcanic and pyroclastic rocks distributed extensively along the
upper stream of the Iwaki River. In the middle silt member there are found some ball-
shaped grains of pyrite which are thought to be a kind of syngenetic concretion produced
under the condition of stagnant water. The uppermost part of the lower alternation
member is characterized by the small content of magnetite grains.

5) Minor elements in the Holocene sediments were analysed by the plane grating
spectrometer. Among them gallium, boron, rubidium, barium, manganese, strontium,
vanadium, and lithium are common. Comparcd with those of some modern marine deposits,
the present samples are remarkable for their low content of barium and lithium.” The
relative amount of barium, rubidium and gallium indicates that the sediments are of non-
marine origin (Degens et al., 1957, 1958).

6) All foraminifer and diatom yielded from five grams of dry sample were counted and
determined. Some benthonic foraminifers living near shore are found throughout a core
(D-3) drilled at a distance of four kilometers from the present shoreline. Another drilling
(T-1) in the upper stream of the Iwaki River has vielded no foramnifer, though there are
found some marine diatoms which might have been transported by wind because their
siliceous test is resistant to weathering and of light weight.

7) Pollen grains separated from the core samples by the centrifuge are characterized
by the abundant content of swampy herbal pollens. Percentages of Alnus is high in the
lower part of the Holocene Jusanko formation, and remarkably decreases upwards. The
tree pollens indicate that the forests were influenced by a mild climate during the Holocene

period.
8) Soluble organic matter obtained by the Soxhlet extraction and by the method of

paper chromatograph, is richly contained in both the lower alternation and upper sand
members. The relative content of hydrocarbon, asphaltene and other remains, being closely
related to the depositional environment, indicates a peculiar type of organic constituent;
i.e., hydrocarbon and asphaltene are relatively low compared with those of some recent
marine deposits.

Heavy mineral component and roundness of sand particles from the drilling samples

indicate that a thin volcanic ash bed lies at the uppermost part of the lower alternation
member of the Jusanko formation. This points to that the lithological change between the.
lower alternation and the superjacent middle silt is not due to a lateral change such as the
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fore-set and bottom-set beds of delta deposits, but suggests an environmental change of
different age.

It can be said, as is indicated by the grain-size distribution, coarse-fraction, heavy
mineral components and radiocarbon dates, that the lower alternation member of the
Jusanko formation may be the result of out-building due to delta development, the middle
silt is of rapid up-building possibly associated with a rapid transgression,and the upper sand
may be of deltaic origin during the latest regression. Pollen grains indicate that the climate
more or less changed into a warmer one throughout the deposition of the Holocene Jusanko
formation. This may support the hypothesis of glacial control of the late Quaternary sea
level changes.

Foraminifers and diatoms washed out of the drilling samples suggest that the present
lagoon was of a deltaic lagoonal environment more or less influenced by the circulation of
the sea water during the accumulation in the Paleo-Iwaki Valley, whereas the larger part of
the coastal plain was of a lacustrine or marsh environment. This view derived from the two
sets of sedimentary analyses; i.e., the minor element composition and organic constituent in
the Holocene sediments. These indicate that deposition was strongly influenced by river
water.

Based upon the stratigraphic sequence of the clastic and pyroclastic deposits, the data
already mentioned and the supposed changes in sea level, the late Quaternary history of the
Jusan lagoon may be summarized as follows.

1) The first appearance of the extensive lowland where the lagoon and coastal
plain were born was due to the tectonic movement which produced a synclinorium after the
Pliocene and before the late Pleistocene age. During the late Quaternary period, the chang-
ing sea level played the most important role in the development of the Jusan lagoon and
its adjacent coastal area.

2) The record of the fluctuation of sea level begins with the 40-meter marine terrace
which can possibly be correlated with the last interglacial stage. The sea retreated to a
level lower than minus 50 meters with a temporary halt or small flucutuation, and then
rose to the ten-meter level interrupted by small fluctuation in the latest Pleistocene (the
uppermost part of the Goshogawara sandy gravel). Ultimately, the fall of sea level
produced the modern shoreline.

3) Associated with the low sea level during the last glacial stage, the tectonic lowland
was eroded by a deep valley (Paleo-Iwaki Valley) in which the late Pleistocene Goshogawara
sandy gravel and Holocene deltaic deposits accumulated.

4) Concerning the accumulation in the deep valley, it may be pointed out that the
early sea-rising during the Holocene transgression was rather slow and this caused out-
building leading to delta development in the valley. The later stage of the rising sea level
was rapid and may be the cause of the up-building of thick and homogeneous silt.

5) The environment in the Paleo-Iwaki Valley is thought to be lacustrine, marsh or
lagoon according to places, and to have been almost uniform throughout the Holocene trans-
gression.  Upholding the veiw is that there is little difference between the rates of
sedimentation and transgression.



