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Abstract. Tephrostratigraphy is very useful tool to reconstruct the past time framework for marine
sediment cores. Northwestern Pacific has many widespread tephras that can serve as time markers,
because many volcanoes in the region had repeated large eruptions from the middle Pleistocene to
the Holocene. Two IMAGES cores MD012422 and MD012423 were collected from the lower part of
continental slope basin off Shikoku and from the central Tosa Basin, respectively. Here we report that the
lithostratigraphy, age model, and tephrostratigraphy of these cores.

Upper 14 m part of core MD012422 was affected by a significant mechanical extension, which was
inferred from the magnetic fabric analyses. Six tephra layers are described in core MD012422 and
MDO012423. Holocene tephras of two cores are correlated to the Kikai-Akahoya (K-Ah) tephra from
the Kikai Caldera on the southern Kyushu, and the Aira-Tn (AT) tephra from Aira Caldera was also
obtained in core MD012422. The eruption age of AT tephra was estimated to be 28.1-28.3 cal kyr
based on AMS “C dating of planktonic foraminifera. A tephra layer, which is located at near MIS 4/5
boundary in MD012422, is correlated to the Aira-Iwato (A-Iw) tephra, based on the refractive indices of
volcanic glass shards, orthopyroxene, and hornblende. A tephra layer, which is corresponded to the late
MIS 5.5, is correlated to the Aira-Fukuyama (A-Fk) tephra. Ata-Toihama (Ata-Th) tephra was also
identified in the MIS 8.1 section of core MD012422. Kakuto (Kkt) tephra was also identified in the MIS
9.2 of core MD012422. The relationship between these tephra layers and oxygen isotopic stratigraphy is
important for discussing the revised tephrochronology and distribution of widespread tephras during the
middle to late Pleistocene.

Key words: tephrostratigraphy, long piston core, X-ray CT scanner, oxygen isotope stratigraphy,
anisotropy of magnetic susceptibility
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Table 1. Core locations.
Core Latitude Longitude Water depth Recovery
(m) (m)
MDO012422  32°08.7’N  133°51.8’E 2,737 47.3
MDO012423  32°50.I’N  133°45.9°E 1,042 36.4
(a) 130°E (b) 133°E 134°E 135°E
: C
Korea
35N ey -
W
|J%,
,Aira / .
Caldgr O
30°N ki
gww
PR
B Agre 8°
Iy

1. 3 7EREMUE R X OIRET 7 7 OFRIROALE.

(@) BAINT TRBIOBRANT 7 OALE, BLY, HAFER I OALEREAEC

BILRATHAYT 77 (K-Ah) (E#) CBETn7 77 (AT) GR#Y OomEH Z2r3 %8 ERE (BTH - #F, 2003 2%Z).

K omAiEE (b) OEZRT

Fig. 1. Map showing the core locations in this study and original locations of widespread tephras. (a) Locations of the Kikai Caldera and
Aira Caldera. Isopach contours of the Kikai-Akahoya (K-Ah) tephra (solid lines) and Aira-Tn (AT) tephra (dashed lines) in and around

Japan (modified from Machida and Arai, 2003). Bold square shows the figure (b).
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(b) Core locations of MD012422 and MD012423.
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MD012422 (Lower slope basin)
Lithology Magnetic susceptibility (108, SI)
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Fig. 2. Lithology and results of non-destructive measurements of core MD012422. From left to right, lithology, magnetic susceptibility,

lightness (L*), and color variations (a* and b*).
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MDO012423 (Tosa Basin)
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Fig. 3. Lithology and results of non-destructive measurements of core MD012423. From left to right, lithology, magnetic susceptibility,

lightness (L*), and color variations (a* and b*).
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Fig. 4. X-ray CT photograph of core MD012423. Numbers of each column indicate number of section.
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Fig. 5. Oxygen isotopic stratigraphy and age model for cores MD012422 and MD012423. (a) Standard oxygen isotopic curve (Imbrie
etal., 1984). (b) Oxygen isotopic curve of planktonic foraminifera Grobigerinoides ruber at core MD012422. Dashed lines show correlation
points between SPECMAP and MD012422. Stratigraphic levels of radiocarbon datings, a last occurrence of G. ruber (pink) and a first
occurrence of Emilliania huxleyi are also shown in the right side of figure b. Age of LO of G. ruber (pink) from Thompson ef al. (1979).
Age of FO of E. huxleyi from Thierstein ef al. (1977). (c) Oxygen isotopic curve of planktonic foraminifera G. ruber at core MD012423.
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Table 3. Radiocarbon ages of planktonic foraminifera in core MD012422.
. . Reservoir .
Satmp(l;:1 )depth Ml(ﬁﬁ;pth Species Co:vsr(ltlro)nal corrected age e(rr;))r Cz;llgr(atf)d Lab. No
ge (y (-400 yr) y ge (y.
0.075-0.149 0.11 G. inflata 405 5 +25 Modern KIA 18289
0.572-0.646 0.61 G. inflata 2,955 2,555 +30 2,730 KIA 18290
1.367-1.441 1.40 G. inflata 4,795 4,395 +35 5,040 KIA 18291
2.069-2.143 2.11 G. inflata 5,775 5,375 +40 6,190 KIA 18292
3.570-3.644 3.61 G. inflata 10,720 10,320 +70 11,940 KIA 18293
3.867-3.941 3.90 G. inflata 11,140 10,740 +70 12,720 KIA 18294
4.770-4.844 4.81 G. inflata 12,870 12,470 +90 14,330 KIA 18295
5.382-5.431 5.41 G. inflata 13,380 12,980 +90 15,510 KIA 18296
6.072-6.146 6.11 G. inflata 14,290 13,890 +100/-90 16,550 KIA 18298
7.600-7.649 7.62 G. inflata 16,370 15,970 +120 18,940 KIA 18300
9.027-9.102 9.06 G. inflata 18,280 17,880 +150 21,140 KIA 18301
11.271-11.346 11.31 G. inflata 22,490 22,090 +240 26,010 KIA 18302
13.467-13.529 13.50 G. inflata 28,770 28,370 +360/-340 33,160 KIA 18936
15.028-15.052 15.04 G. inflata 35,060 34,660 +800/-730 40,070 KIA 18937
Age (kyr BP) Sedimentation rates (cm/kyr)
0 50 100 150 200 250 300 350 0 10 20 30 40 50 60 70
oY AN AU RN RSN AVRTRTETIN AU S [ N N R B
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. 10 20 30 40 2422
' P NN I WP I B
: (b) i i
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10 — ! — — —
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| L6 ot b B
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£ J L
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[
o " i L
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(a) 1 (c) .
50 4+ T e — T — T
B6. (a) MD012422 DEE—F T mw b, SHIED MO 277, (b) MD012422 3 & 0"MD012423 DL

— T ey hOJLKIE.

(c) MDO012422 12 33} % HEF& i FE 2.

Fig. 6. (a) Depth-age plots of MD012422. Dashed square shows the location of figure b. (b) Depth-age plots of
MD012422 and MD012423. (c) Sedimentation rates of MD012422.

D 3 >OMMKE (MIS 7.1, 7.3, 7.5) 1ZfI4 45 8%0 D
RFE—27n31~365mIc#HDHND. Lo T,
DHEIREF v /A IC X 5 EBRFEOEHR S Bk ofgsE
FPR BRI XD ERET LV LEEEHTHY, K37 m
AT DR 12 80 23 E VMl 2 7 9 HE & MIS 8 & 3BE
L7z (K5). ZhooERETVICESLS L, 242227
OFTE (45.01m) (IMIS 9 /108 AT D 343 kyr TH

-
—

)

LEHESIND.

HHEREEROM ZHEREE —E L KEL T, HERE
TR LM EE ZHH L 2. TOfR, —rIC
RPN HERER R & <, KT/ hSwWBEmZmR L
7z (M6). 2L, M3 FFERLUETIE, Thkviin
JEHEICHANTIRF IR E VR E 27§ 2 LB L L
Ieote (M6c). a7 2EOFGHEREEIT13.1 cm/kyr
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4. MDO012423 =1 7 O FREEEAT LR D B R AUE
Table 4. Radiocarbon ages of planktonic foraminifera in core MD012423.
Sample depth  Mid-depth Species Conventional Coljfssre\;f;rge error Calibrated Lab. No
(m) (m) azeym 00 () age (yr)
0.201-0.276 0.24 G. inflata 1,005 605 +30 BP 719 KIA 21724
3.781-3.806 3.79 G. inflata 6,320 5,920 +40 BP 7,016 KIA 21725
3.831-3.856 3.84 G. inflata 6,505 6,105 +50 BP 7,222 KIA 21726
5.005-5.030 5.02 G. inflata 8,385 7,985 +50 BP 9,194 KIA 21727
5.967-6.016 5.99 G. inflata 10,405 10,005 +55BP 11,923 KIA 21728
7.731-7.780 7.76 G. inflata 13,050 12,650 +80/-70 BP 15,158 KIA 21729
8.347-8.371 8.36 G. inflata 13,750 13,350 + 80 BP 16,108 KIA 21730
10.099-10.124 10.11 G. inflata 15,590 15,190 +90 BP 18,746 KIA 21731
10.299-10.352 10.33 G. inflata 15,830 15,430 +90 BP 18,886 KIA 21732

ThVY, RARMITZ69.2 cm/kyr, H/MEIZ6.6 cm/kyr T >
To. HWEREHRE RIS 28 3 THEAT L D W B IC kT
2 S HEREE FE 13 10.8 cm/kyr Td o 72, K9 3 J74EAIT LA
DFENWHERGEE T, = 7RI OB 2 HER I 0 51 &
IEFLRRICE - T, BESZKEICHEL TWD AHE
HERER SN THE Y (F 21, Thouveny et al., 2000),
Bk 238 ) R R G I X D BE R T o Tz,

MDO012423 O 7 D#EERDHTE

2423 A 7T B G. ruber D 3P0 1L, -2.4~0.3 %o D[
TELTEY, FEES~ImTHRRbEWVWEELZRT (K
5¢c). Z DEEFRRINMRIEIRRICEED < L, 2423 2 7 OYREE
20 mFHEAMIS BICHYTHEEX bND. £z, 2423
a7 T, E#10.3 m D 9 JFHED S HBURE R R EADE
LNTWS (4, M5c). M6bIRLLI T, FKE
RABIC S EE—#4 7w v M, FER0WEIZED
LNTEANTHD. EE0.3 mPEDOEHETIE, #—
A A NEPEEBOOND D (K3), #igray
VYT B I OBERMARL A NV N DOREDIT IR
Polz. ZDTI, 10.3 m UROHERFERICE T 2 [HHI
S THIETE T AW, LER->T, 24233713103
mUEDOBHEDL, FRETVEMBEL, KBHEICKITD
HREEROHEE 21T o2, 24232 712B8VWT, BATH
RYT 7 TREEBRWICHER M (0~10.3m) OFEHEREHE
EEVE, £949 cm/kyr Th 5.

HHEEAMEZA=2422 07 OEBLGSE
I LRhR DT

Hhg= 2 5% (Anisotrophy of Magnetic Susceptibility)
i, EAREIORT 7 7 T v 7 2 REMEIRYRL T OB
PO T5FHETHY, BETHE, WK TRED
REFEHEREY IO ICH S, WM AT OB TEREE O ff
W LITHNLNTWD (B, JIANES, 2002). 5
TR AR DM EE 2R3 LB, 242227 EETEL,
ZDIEH D bODKI12 m XY FALTIHEWER % & 5
(F7b). Zhik, =27 BTSN S 5 —EDT

FIZAWTERINL TS Z 2R L TS, £k, LH
a7k EEHTHIRWEZ RS, —J, ZGEREMAEO
REELZRTFHEIE &2ALETATEHWELZ R T EH
BRBDHHNDD, a7 &L L TIE—HRIC1.05 L F R
fEx L 2@Emicds (7).

o, BGVERE TR O e Kl O KETE A & O f B 2R
9 Kmax Inclination (Kmax Inc.) 1%, =27 L THL 2>
, K980° &9 (M 7d). Kmax Inc. /%, =7 L
26K 14m E TICHRXICHEAD L, £Z2 6440 m £ Tl
10~20°DIEVMEZE & 5. F7, 227K FHTKmax Inc.
EHOEWEZRL TWD., b o, =27 ki
T, HETEY T OBEYESEYIRLF 23 8 % — 18 D F T EL S
L., 25, ZOHMPKFERNPOIZIEEETHL I L%
AL TWD., —RAICEEFEEOHEFERE IR W T,
Teo TV b 78 & OB LA DS TRIEIE S FFAITHERT L 7 B8
L, 200 ORI E O F A E R, TO%
DI S FIHREAGERTR I X D EE R X OBAZR LT
Lo T, KFOREFPETL, MEENREINT S THE
PERE SRS, 242227128 NTDH, 14~40mETHOL
fili & FEI X ' Kmax Inc. DE[RIE, WML 23K -6 1<
ENERICEFIL TR Y, —BRUREEOREZRL T
W5 LRSS,

LU s, 24223728 WTHE, LEE=7 -
WTE <, L»b, Kmax Inc IZIFIEEE IS > TN D
(K7). ZThoOWHERGEOREIL, =27 EH O
WA <M HPDOER T nt ZDEENKE S HFLEL TN
DILEEREBLTNS., ZOLH7%a7 BEICEEE Rk
BETER o2 LTE, BRANrars—iiBao
WFIZRBEEIC X DHERY OS] S X L ZIRBZET HND.

Thouveny et al. (2000) X, IMAGES 7 v 7' J AITH
WTHERPEFER LY AP ORISR E R hray
DEAERFEONEE T o T, ZTOFT, K OITHRR
B X DHEFERI 77 7 T ) v 7 OEb & HERE R O
BIRICOWTHER L TW5. MD952042 =2 7 TiE,
10 mIZRNT, LEMNE <, Kmax Inc. 2370 ~90° #7879
(Thouveny et al., 2000). F7z, =7 10 m OHERE®EE
(33 cm/kyr) V&, R XLV FALOHERGEE (13 cm/kyr)

(=
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MDO012422
Sedimentation rates (cm/kyr) L (Kmax/Kint) F (Kint/Kmin) Kmax Inclination (°)
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X 7. MDO012422 128} 5 (a) FEIGHEREHE,

(b) LE EGHERMAEoMmERE) (o) FME GE5EfRHAEoR¥EE),

(d) Kmax inclination

(RRFFEHFIT DA D b O E) DLE. (b)) ~ (D) PEHIT, FEEOHBERFIET —2 05 ABH T TR (b)

~ (d) i, FEHEREE DRk TR L

Fig. 7. Vertical changes of magnetic properties of the core MD012422. (a) sedimentation rates, (b) L value (prolateness of magnetic
ellipsoid), (c) F value (oblateness of magnetic ellipsoid), and (d) Kmax inclination. Bold lines of each figure are also smoothed curve
with a 5 point running mean. Sedimentation rates were also plotted in the each figure by dashed line.

XU LHH25EREV. LERST, 617 EE1I0m
OHEFEWIL, IMAGES 7 v 75 A THWHINLTWD
Calypso 2 7 7 —IZ X 2 A e gl S IEX L RIT L -
T, AP EBENSKEL R-oTEY, S IHERM
1T 2 O L TR B L 7.

AWFZE THWWZMD012422 = 7 4, MD952042 = 7 &
[k Calypso 2 7 7 —Z HHWTEHRIRES N b D TH 5.
2422 2 7 &R O EEHEREEE L, 18.1 cm/kyr TH 2 25,
a7 B TR A6 c/kyr 7R L, #114m £V _Ef7 & FAZ
THEHHEREEMROMEMNRAE < RS (KM7a). HER
HENRKELS BT LBE (K14 m) 13, HREERE LM
@D LESS Kmax Inc. RZI LY FALO/NIVWMENS, a7
EEicmdr o TEMT L EHEL 2T —%T5. £,k
f714 m TO LAEDOZA Ll & HEREHE Db &7 — 0,
W —FT 2 EmZ5R L, LESHERICEWEBETIR
HEREE D RKEW (7b). T0X 9 RRIERICK B8
W 725 ] S B LR SHEREE I b BN TR Y, £8.88 m
WIFEETDES S mmEEOWE, BLO, K12.77 mic
BeET 27 7 7@, 2 7WiE O PR A AL AN
L 72/ () ZRLTEY, TOBMITEY i
&S 5888 mOWEDOF N LILITKEWN. KoT,

242227 CiX, 27 LEE14 mE CTHARIRBHROBEICE D
FIEIEE LR OEENRENWEMREND, LR
235, E¥B14 miTH T 2 HEREEE S LE L —FRICZ b L
TV Tt <, WiEE LEEE 3 mal#k THLIC
KFT2MEMERT (K7b). LiehoT, ZOMoH
YD IS EEENTWDERTIERL, B0
HEDOENREICL > TRHEICH EET I ATV D ATHE
LR TE 5.

mEHHRR (IMAGES) 70T 73K

MDO012422 37 DT 7 5 D4

PRRE BT 524222 TITRB W CHIRIC T 7 T @ 2580
LD, HEE12.76~12.78 m, 16.02~16.04 m, 23.81~
23.89m, 31.86~31.90 m, 34.38~34.39 m, 36.38~36.41 m
D6ETHD (£5). TNEFNDOREEIFT2 cm, 2 cm,
8cm, 4cm 1 cm 3cmThD. TITEERIC AL
151278575, 1604775, 2389577, 319057 7,
343977 7, 364177 7 LML, LITICET 7 7 DR %
O

12787 7 7 (12.76 ~12.78 m) D& ki 7 DR 1R 1L,

- >
—
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HEMCTHR R TH 50, @ffE L T Rk LEm
Bt RBICEENDKIUF T AE, NTNT 54—
Al R ONBMEIRE A T 2 R & T 5. KILY 7 ADJEHT
¥, 1.500~1.501TH -7z

16.047 7 7 (16.02~16.04 m) O # plbi 1 0 ki I,
B CTHB A TH 508, afFE LT Rk bEm
Y. ABICEERDKILT T 2%, BEREE®RAT %
FREL, BAaO KT T ALENICED NS, Kk
IH 5 2O, 1.498~1500 TH 5. EHY L LT
i, Rk, REWEE L <G R HalER, BE
B, 724N, REAREGELOES. RHEADR
FRIE, 1.718~1.728 C, *DE— FEIX1.721TH 5

23.897 7 7 (23.81~23.89 m) O LT DRI IL,
HEMThRm A TH 508, fFE LT EFkbEm
oY, AEIFKAG N7) 2295, TAEEOER
B TH DA, LAjE L oBRITEME, RELE b ITH
BHUTHDL. ABICEENDKLTT 2%, BEEEERA
BlAFHREL, PRI EL TN AKLTT 2L %
<BHOEND. KIIAH T ZADEFHRIZ, 1.501~1.504 TH
L. EIEME L TIE, REaARa, REA, REA
W, BEEARELZLGR, THAEA N ELEGT. fF
A OBITRIT, 1.714~1.718 T, D E— FEIX1.715
~1.716 TH 5.

31.907 7 5 (31.86~31.90 m) Ok T DRI,
AR HD ~ PRI K TH Y, ARJEO_ET OB FITARHBE
Thd. BBICEEND KLU T 2%, EEEEAT %
FEEL, 2aV THERREDLND. KU T ZAD
JEHTRIL, 1.510~1.515TH 2. EIEHE L TE, RiBH
g, REMEA, HAMEG 22 <E R, REaANA, T
NEA N EDEET. RFEAOREITFRIL, 1.704~1.710
T, Z0OF— NMHEIZ1706 THS.

34.395 7 5 (34.38~34.39 m) O KL T DRI IT,
R ~HBIRP K Th D, RBICEEND KILUH T AT,
NTNT F— VB L ONBHR A R 2 ER L 525, K
IH 5 2OEFERIL, 1.502~1.507 ThH-o7z. Eh, Tk
S LT 5.

36417 7 7 (36.38~36.41 m) Ok T DRI,
VIV ~FRBRTHY, EHFMR Lo ERT. A
BoOTHEEOEFITHK CH D, ABICEEND kIl
BT A, BHEREA S X ORI VY 4 — VB % R
&5 KIIA T ADIRIFTRIT, 1.499~1.502 Th - 7z.

—J7, WIRBIZETIIARERE L L IO RN,
BETBIEPOITF 4O KILT T A BEERBRRD b,
UTICEOREEE LD, BRE14T~224m (2.247 7
7)) OHEBYHRITIIANT VT =NV HOKINH T ADE
B35, KILUAT 7 ZADOREPFRIT1L510~1513 ThHho7z (£
5). BEE11.87~12.06 m (12.055 7 7) OHEREYICIT,
NIV — VIS L ONBMER A R O KL 256
5, KUH T ZAORBITRIL, 1.498~1.501 Th - 7.
WE2117 m (211777 7) fHEOHEMWICIE, A=) T

E - AR - ZEIE - STIRESE - KEEE - JIERES - K H EE

BRI T ANLHET D, KIUA T A0 BFRITPE T
X ot VEFEA1.87~42.08 m (42.0875 7 5) OHERE
i, MHEREBEATIB XN TNy — VB o kA
FADERT S, KIUH T ZADEITEIL, 1.497~1.503 T
ol

MD012422 a7 DT 7S DREET IS BF

MDO012422 = 7 IZHAE S 54 7 7 7 O EAER%R, kil
T ADEER L OBITRREO/RBICE ST, &7 7
Z DREEITH- T
1. BRTHHRYT7 7 (K-Ah)

2247 7 FIINTNT 4 —NBADKIUT T A& F R E§
5D, KRB KIS KUK & HE S
nd. K77 70KIUATADBIRIT1.510~1.513TH
D, K-Ah® B F (1.508~1.516) (BTH - #HF, 2003)
LB T 5. 7o, BRFEMELhG L OB
(8) b b, 2245 7 FIXseHithicHfE+5 2 &
DB THDLZ L0, KKAWTHEERELL. K
L, 2422 27 ClE, K-AhlIARE#ESE 2R S 20
2. ¥BBETn7 75 (AT)

120557 7, BIW, 127857 7 7O KIHT T AT\
TN TNY =NV TERT D 10, KB
JRFERIEKITHE D KL EHEE S NS, KIUT T 2D
PrRITZF N FN1.498~1.501, 1.500~1501TH Y, X
DO THEMENEL, YE e~ ~P—KIcEH L2
L BRET D, 2422 2 7 OEEFRFEINR LB T & B 1 R
FEMRMEICESCERETADPS BREL > ZWT 7 50
FARIL, 28.3 cal kyr £30.8 cal kyr TH D (F5). Efr
D12.057 7 7%, WIRTIXHARRE L L TRz
Do, $ET TlE11.87~12.05 m TKIUY T A a4
LG, EMEIICE > TF 7 5 LR mIEEHERNY
DIREMWDETLERTHLEELZ NS, KIUFT T R
DEITRCHERFERICE DL, ZhH0T 7 7 iEmM L
INOBERAINT 7 #EHFETDKILUKTHDL EEXD
b, X0 BB T 512067 7 T BMERTnT 7 7
(AT) THY, THIALET 212.787 7 7 23E REEHE T
77 (A-Fm), 2L, BEKRKET 77 (A-Ot) ITH
YAl E V. AT, A-Fm, A-OtDKILH T AD
JEPTERIE, FNFN1.498 ~1.501, 1.499~1.502, 1.499 ~
1.501 (AT -3, 2003) THY, ZLAE—HLTND,
FiiZA (2001) 1 X2 INREEIC I 2 1 LREEOFRAE
CE B, AFmiTEE VT T 06 HALH J5 10 D 7 A
b5, BEEREE TIE20 cm DL T O BIE QKK LIKE &
LTHBEEIND. —F, AOUIBRI LT I LIbE T
MO E S D, FRFEE TIEKRD VL N E
25 ~10 cm DKL ILIK & L CBIREIND (ERMIEh,
2001). W OEHEOHEEIL, A-Fm234.9x10% kg, A-Ot
230.63x10% kg EHEE SN TWS (EMIEDs, 2001) Z &b,
A-FmOFPREHEITL <, LYV ES TH D MEHOE
JRICH KR FET L, WL BBEREnEE XD
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Table 5. Tephra and their refractive index in sediment cores MD012422 and MD012423.

200643 H

Tephra code Core Depth in core Thickness Estimated age Estimated age Tephra Mineral Refractive index of glass ~ Refractive index of ~Refractive index of B
(m) (cm) (“*CyrBP)  (cal yr BP) name assemblage®  O14S type (n) orthopyroxene (y) ~ hornblende (n®) Lab
o
2.24tephra  MDO012422  (1.47-2.24) 5.8 6.7 K-Ah bw, pm 1.510-1.513 (16) CMCR
12.05tephra MDO012422  (11.87-12.05) - 242 283 AT bw, pm 1.498-1.501 (20) CMCR
12.78tephra MDO012422  12.76-12.78 ~2 263 30.8 A-Fm? bw, pm 1.500-1.501 (30) - CMCR
16.04tephra MD012422  16.02-16.04 ~2 554 58.0 A-Iw  opx, opq pm 1.498-1.500 (30) 1.718-1.728 (30) KFT
21.17tephra MD012422 (21.17) - 98.0 98.0 ? - - - CMCR
23.89tephra MD012422  23.81-23.89 8 113.4 113.4 A-Fk  ghb , opx, opq, cpx pm 1.501-1.504 (30) 1.714-1.718 (30) 1.671-1.683 (32) KFT
31.90tephra MD012422  31.86-31.90 4 198.6 198.6 ? opq, OpX, cpx pm 1.510-1.515 (30) 1.704-1.710 (30) KFT
34.39tephra MD012422  34.38-34.39 1 219.2 219.2 ? bw, pm 1.502-1.507 (30) - CMCR
36.41tephra MD012422  36.38-36.41 3 246.4 246.4 Ata-Th pm, bw 1.499-1.502 (20) CMCR
42.08tephra MD012422  (41.87-42.08) - 311.4 311.4 Kkt pm, bw 1.497-1.503 (17) CMCR
MDO012423  (3.89-4.55) K-Ah bw 1.507-1.512 (20) ORI
MDO012423  (4.55-4.99) >44 K-Ah bw 1.510-1.514 (20) CMCR

 (opx) : rare orthopyroxene, opx : orthopyroxene, opq : opaque mineral, GHb : green hornblende, ho : hornblende, mt : magnetite, bi : biotite
bpm : pumice type, bw : bubble wall type, ch : shattered glass by rapid cooling

¢ CMCR : Center for Advanced Marine Core Research, Kochi University, KFT : Kyoto Fission Track Ltd., ORI : Ocean Research Institute, University of Tokyo.
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Fig. 8. Tephrostratigraphy of core MD012422. (a) SPECMAP standard oxygen isotopic curve (Imbrie
et al., 1984). (b) Planktonic foraminiferal oxygen isotopic curve and stratigraphic levels of tephra layers of

MDO012422. Vertical scale in figure (b) is depth (m).

5. XoT, ABZETIX12.78 7 7 T IXA-Fm % hEd
DAREMENEWEMBR L. LaLl, BT T 7
@Bl (A-Fm, A-Ot) a7kl oxtl (75 72
i, X0 EEZR K T R DAL AR S M8 O JE
PRZEORFPMLETH B,

AT OEHERIE, T E TEEOWE 2 70k LR —
Vo7 a7 pbEEMEPHREINLTND A, HEWO Y

A kv 3TN XD ElE A AL R O R R SR AR AR E
FERICHES< L, 2433 kyr BPE AL N TWD (K
LEA», 1993). Z OEMEIIBEM TR \Wiz®, Bard
etal. (1998) 1C X B2 HAERE AW CBENRICHIETS &
28.13 cal kyr £72 0, AWFFRIT L5 MD012422 =2 723 1F
2 ATHEHHEEERME (283 cal kyr) Ml —3H+25. BT
M - #HHE (2003) TiE, ATOHH L ZEENA ZEEME
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BVWMETRTZEIERETHDL L LAR2RLYL, o0
T— A ERAMNCERT DL, 26~29 cal kyrlCAD L
ZADODBFYTHD EFERLTND., LEn-> T, KiF
28 L ORINED (1993) 1T X HIUEMOHEEZ 706 7
b o T2 AT HAEREIE, 28.1~283 calkyr ThH D &
HeE S5,

3. BMEAFT7 7 (A-lw)

16.02 ~16.04m (IR ICREO e T 7 T8 (16.047 7
)%, WEREFT 7T (A-Iw) IIxtleEhsd. 16.04 5
7 5 OJEFTERIT1.498~1.500 TH Y, A-ITwDKILH F A
DR (1.497~1.501) (FTH - HFH, 2003) &iFiE—
B145. £, 16.047 7 7 OGS OJRFTRIT1.718 ~
1L728TH Y, AIwdL718~1.724 (T M - FHH, 2003)
WIEE—%7 5. ZNETHEREE T2 A-TwhBHE S
NEZEFENTHEH, 74V RO KHT6-2-72
7 (ABfE29°23.8°, B 137°21.0°) A LWEFINDH D (K
,1991). 2422 a7 IZRWTA-Iw DEH MR L 722 &
X, AT 7 7 ONMEHME#ESE T 5 ETEERGIRNSGE
BEHEZDHZEICRDTHAH. Ei, 1604775 (A-Iw)
EOBETICE, HANAL RL— kOO fRICfE-TEL
LBEZLNTNWD A—TREBEEPFEL 2. B~ 7
TICRITDHANA R — NI T 2 ik O#f5EIc
k2L, A2 RL— MIBETOREEELO
REBEBKOH TH X0 KLEOH WD ICERET 5 M
b5 EnEsNTNWD (Bl 2L, Hiroki ef al., 2004).
LieB->T, 57 FEEFICA—TREILBEPEFEEL
2o, T TEPEREHREEYTICRTEHTANAR
L— N OFESTEZHET 2 20K Lo TWDHA]
BEMERIEL TS, 16.047 7 7 OHERIL, 242227
DEMRETVICE I L580kyr L HEES LD (£5).
A-Tw O HENRIT, ZhE ©a 7 OmBFRNAALEFH»
545~50 kyr & AL 5 TW3 (K, 1991) 23, %t4:
L Uica 7 ORFREGE PR T2 D ICFERHEE OFRZEN
KaEnWtEXOLND., £, BWRINAVT FILEBICALE
T2 HAR % 1L O K-Ar FA4UE  (0.061 +0.017Ma) (JE
1EA3, 2000) 1%, A KRGO HAERO FIRME L % %
LTS,

4. WEEILT 77 (A-Fk)

23.897 7 7 IXBEHK 8 cm DA 2 KILIKETH Y,
KINH T 2 DIEPTERIT1.501~1.504 TH 5. #HELD
JEFRIZ1.714~1.718 T, ZDE— FEIL1.715~1.716 T
2. BREFMEBFFICESSERETVTIE, £T7
Z OWEFRIZ18.4 kyr TH Y, MIS 5.5% = ICH Y4 5
5. 223897771, wmEMILT T 7 (A-Fk) TdH
LEBEZ2HND. A FkOKIUA T ZADRITRITZAET
WEFA RN, BHHAOEFTRITILII~1T18TH D
(BTH -, 2003). EMIEs (2001) TiE, A-Fkosl
A DORBITRITLIIZ~ 1716 LHMEI N TWD., WTh
IZE X, 23.897 7 7 ORGIEA DREITFEIZA-FkDOZh
WIRIE—FT 5. MIS 512RBIF5REMARIEERT 7 5 T

E - AR - ZEIE - STIRESE - KEEE - JIERES - K H EE

HoHMEEAT 7T (Aso-4) BIOWEZT 77 (Ata) ©
KA 2 DJESTERIE, 1.506~1.510 & 1.507 ~1.511 TH

D oO(BTHE - HiH, 2003), W 23.897 7 7 OEITR
LITHL TR D, FfEIC, Aso-4, BABIR (K-Tz),
Ata ORFHER OBEIRIL, FNFN1.699~1.701, 1.705
~1.709, 1.704~1.708 TH v (HTH - FF:, 2003), Wi
NH23.897 7 T OREITR TP NTRR D, £, B
#3575 (Aso-3) IZMIS 5.5 CHEH L 2 FTREME O F5 44
INTWDR, ZoRFHEADEITHEIL1.702~1.705 TH
n o (ITHE - B, 2003), 23.897 7 T DZEIE—FH L%k
W, X BIZ, 23.897 7 7 LEHNT L AMAOEITR
1$1.671~1.683 TH Y, A-FkDMAHADREFR (1.672~
1.676) (RTHI - ¥, 2003) &i2iF—3%T5. Lid-T,
23897 7 FIXA-FkTH D LRIEL -

A-Fk OEHERIE, ETIMET DHK-T2& Aso-47 7
7 L DRGNS, 95~86 kyr LHEESNLTND (&
fiE2, 2001). 2422 27 OFARETNVTIE, 238977 7
(A-F) omHFERE, Lo 1134 kyr LH#HEE S
N, TNETOHEEFREITRESERLMER LT,
LU 72236, A-FkIZPEH2422 27 CIIEE S ¢cm T,
KABOHEREZRL TN Ehb, a7HhTHHR
LTV, Ko T, A-FkiE, MIS 55T 2R3
WRIEKT 7 7 & L CHBHBTORERD LA S.

OB RICES L, W TILLbERRENLS
WMIS 5 fHEDREMRILIET 7 7 Th 5 Aso-48 &
O Atad, 242227 TIIBIRICIIBR SN RPro 2 L
225, LPLARBG, M8 TREND X HITMISS ff
T, ARBIERSNIBROHAEREMELZ 2SS, £
7o, KIWT F ZADHAE L TW D ORI RO BE RIS
TP o e T ABERBPEET S (20.17m, BL,
25.11m). 23.897 7 7 (A-Fk) & OEArEERA S HERI S
%e, 20177 7 T3 Aso4ICHYS L, 25115 7 T M3 Ata
WCHHS T D AREVEDS D 5 05, 48, & DICHEMZRMETH
METH D,

5. M£BikT 77 (Ata-Th)

31907 7 ZIXBEK 4 cn DI R2KILIKETH Y, kK
AT ZDEITERIL, 1.510~1515TH 5. FHEL DR
PRIZ1704~1.710 T, DT — FEIFLI06 TH D, [k
FEMAEEFICESEREF LTI, KT 75 OHEF
RIX19kyr TH Y, MIS 7.1ICHN T 5. 343977 F (K
AT ZADFHER 0 1.502~1.507), BI, 36415775
CKILAT 7 ADJEIFER  1.499~1.502) 1%, T EIMIS
7.3, 8.1ICHHM T 5 (X8). HARZFIER L UZDHE L
BB L, JEPERTEEEOWFEICHERE T 2 TREME D & 5
e IO IR T T T ix g E £ <L, EE
777 (Ata-Th), W#1 577 (Aso-1), MMAET 7
5 (Kkt) 2445, ThZ2hoKIUD T 2 DEITRITL,
1.498 ~1.500, 1.515~1.522, 1.500~1.502C& v, & H
FEA00F, 240 kyr, 250~270 kyr, 330~ 340 kyr & BiE D
LILTWA (ITE - #HiH, 2003). ABFZETHS ML 72
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ET 7 TOKIUE T ABIFROMET, BEOT 7 T0MHEE
REDOFHEMEDO B 5 b DL, 36415 7 5 (1.499 ~1.502)

& Ata-Th (1.498 ~1.500) # X 'Kkt (1.500~1.502) @
MAEDLETHD., LrLans, Edo242F/~ET
MTHEDL &, 36415 7 T OHEEFENIT246 kyr TH D Z
E0h, B85 < 36417 7 F1E Kkt Tix7e < Ata-Thicxt
fEhs.

Ata-ThiE, BEHLITE ORE LR X O HAWEODP = 7
LEMMPERINTWS (ITH - HHF, 2003). 7z, Jt
KO WIK 27 (MR9S-03, PC-2,3) 756 %, Ata-
Th& i THET 2 XKD E2ETHRKLUT T AET 7
THRNEINTERY (FARIED, 2000), ZDHAADE
WHERER SN T3, 36417 7 7 OEEFEFRNMAK A T —
U TOMBEE MIS 78EMMETHY, &L AMIS 8
OKMBHEICHY T £S5 (KS)., BAWED
ODP794 27725 b Ata-Th B4 B A MIS 7/85E 50 b
SHTRY (EFH, 2000), Ata-Th O HFAILAT 240 kyr
LRELLATWD., HEFEREXTND 0D, MIS7/8
BERAHEICER T 2 S TiE—%42 2 255, Ata-Thid,
FHIE S OHE IR W TERIBE L k2 EERT 7
SThdEEZD. TOMD31.907 7 58 L 1V34.39F
7 7 ORIITHR R CTIHEFEICE > TV RN, 5% 35
R L2 T e L OB BB ETH 5.

6. MAMET 77 (Kkt)

42.08 7 7 ZIXAMR e BB 2 R L TWR NS, R 41.87
~42.08m OHEREY) T ITHALRBA R LOANT Y 4 —
NEIDKINH T ADERT 5. 2422 3 7 OEEFZ RN R
FRICKIT 5 42.087 7 7 OLEICHESL &, KT 7 T DR
HUEMIS 9.21CHS L (K 8), =DM HEIL311.4 kyr
LHEIND (F5). 42.087 7 7 L oxtlkoATREMEE b
DIKET 77 E LT, MISOICEHLZEEZ A TWY
LRNMIMAFEI VT Z Z5IR L T2 MARET 7 7 (Kkt)
DT OND. 42.087 7 5 DKILH T A D JEHTER1E1.497
~1503TH Y, KktDKIUH T Z2DEHZ (1.500 ~1.502)
(BTH - #k, 2003) & 3E—%9 5. HTH - #FHHF (2003)
T, MEREa T o7 7 7EF (F)INEs, 2000), B
X, RIRERMM=a 70T 7 I@F (FrFhiEs, 1991)
ICHED &, Kkt MIS 9D ERNCHE N L7z L RL, %
DOWEHAERE —EDIE % b 72H T330~340 kyr & HEE L
Jo. 2422 a T DEREFTLNS BEES ©7242.0857 5 @
W AR (3114 kyr) 1E, ETH - #5F (2003) 12 X % HE
EEHENR T2 FEFETND OO0, KERES O
MIS QICHEH L7 & W) BREMMETFEL RN &H
5, 42.087 7 7 XKkt XL AT EETH 5. KktlLiLagih
FROARMBPF2 D b EHBHE SN TEY, PHIERH
DIEET 77 L L CHERMESITTH S, AHFEICE
WCHERE 2 7 DERSR RN LLIE Frds b Kkt DR AR 2 L
BbolZ bk, S%OPHIEFHtOT 7 TEFICE -
TIEFICEERRLDL R THA.
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MD012423 7B T2 RA T AKRY T I 5 DEK

X 9122423 =2 7 D 3.65~5.05mIZ 1T % X #t C T M,
AR, #7—A A=, EWRERT. 2027
POBRIRL EHEY R OBMEBRZE»OHET D &,
KINH T A% %< ELEHET3.89~49mTH 5., L
L, XBBCTHEHEBESH T —A A=Y 0bHWT5 L&, Kk
WK I3R4.55 m 2B ETFica i oind,. Thros 7
SERekE L TRA Y —7 @ (5Y5/1) 22U, dkin
AR O KILT T A B S, b kL
DOEMZRT. AITATA RBEOER, FTho7s7
FRBOKIUT T ADIARIE, NTNT 3 —VF % TR L
T35, XMCTHEBLOI T —A A=V 0bI1E, Th
OFT 7 ZEOEERIX, TAXY FAOF=EEME TV B
BRHEEAHOITEREL TW5D &I S U E % 7R
S (K9). E£7, ZOREHMEED L X5 ITHREL
TWABIETEICIX, NTAw+—ABEREL < SN0
ACEEAR (BHEIR) o KIUA T ABFEET D, TAO
T 7 T HERT S KU T ADEFERIT1.510~ 1.514
ThHY, ETH-FHH (1978) 1T XD K-Ah OJEHr= (1.508
~1.516) LFIE—HT 5. ik, EOTT7ITOKUA
T AEFLRL 1507 ~1.512% R L. LIeB->T, ZOF
7 7BIE A E D TAE S K-Ah L RIES LS.
ko775 (#3.89~4.55m) OB, FHO
T IBEFHLNCRERY, Baod ) —TBE (757
201~75Y 41) 823 5. WK FORES FAEDOT 7
FREXVbREL, GWRLHEKAS wt.%ITEL, kL
L T kMt ofEmzms (K9). X#rC THEGE%
nh, ZOERMNT 7 FEFD415~430m T T 2 G
DEEINDD, FNLIY TATIREEETHD. £k,
IV Efiot sy arTh I IFEROLNT, EYE
Flicko TR SNIHFEHEEZOND. £z, Kl
HTADHEEFTEEE L TAT VY 4 — VA2 ERE T
D0, FHokofkilet sy v TiRERET RO
B AN 2 H L. Eiz, THOT 7 TETI
ELEH Lo iiba (BAFLR, ZEEEALR,
) OELMEEBIVENL O, EfiioT 7
FHEFICEETD., UED XS RBiREE (KFTH0R
‘i, EFMR, TS, MbAOTEE) M oHE
ETDE, o777 I8 (K3.89~4.55m) 1%, —F
KB 72 S ICHERE L 72 K-Ah DNEE T X - T EERER S
REBIEW SN RN T EEADLND.
nix, K-Ah2s, BAD AT T ORTFUNCALE T D e
R L OCMEICHEIK L, —EHERE L 72 KILFEE P 3 5
POFREICE > THELEZZ LTk THHERLEZT v
vadZ—vHA4 b~ (FIZIX, FUE, 20000 THDEEX
LE. M1IREND K-Ah DS REEREICHE S &,
THEERICBITAIK-ANOBEIZB X Z30cm & AFED
L., Lo T, 24233 71281 5 3.89~4.99 m4:
KOT7TEBNTIHOK-AhTH D L IEEZ I, Lk
M7 7 ZBBRNCHRE LT 7 7 Th 2 & 5N

-
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MD012423. Kikai-Akahoya (K-Ah) tephra is located from 3.88 to 4.97 m. Width of core is
~12 cm. (b) Radiocarbon ages of three levels. (¢) Coarse fraction (wt.%) of each sediments.

EFELRV. ZOXHRTRRT 7 T8 ORI,
U E O KRR F B S DBRIRES N A hra T
(KT89-18 P-4) HICHAET H AT THEREINTWD (Ff
NEA>, 1993).

K-Ah OEHAERIE, KAOHEREY 2 7 OFERDH O
e ik, ADI19504F & 0 72804ERTTH 5 (F&EiR, 1995).
IR (1995) 1%, wEHEKAWMOWME TICED LD
TR AD 2 LI L > THBE19SFELL I rDE->T
T325FEFTDFERINCK-Ah DML ENTNWD Z & 2REL 7.
DFEY, WEE2000F2EAEL T 52 51F, K-Ah O
Ri%, KIT3304ERTEHEESND. Fiz, K-AhE EOHHE
WU CEEMRMED S BB L BERMEIE, ADI9504E L Y
7623 + TR TH 2 (&R - ALJIl, 1993). —J5, KWL

THW HE#ER 2423 2 7 O K-AhE _E2 HEEH L 723l
A FLE G inflata D MERFFERIL, BEFEATADIBO
FLDT722250FFTTHSL (M9). ZoaTieRiTd
K-Ah®_EfRIZRIAETH D5, Z OFEMEIE, AA#=
T DRI BHEE SN2 7280 4R S FIE—E T 5. e,
K-AhE N2 HEEH U 7o 3G fLH G, inflata DFEGER
FEMIT, BENRTADIBOE LV 9194 + 50FERTTH 5
(M9). K-AhDSHVE 2RI IZ— R CHREL 2 L 25 %
L, T7IRBLEENIY TALONEEMR T8 & Ofic
VIR (ONA =& R) BFEETD. Lizdd-> T, #l
BOBY, K-AhO FALT 7 Z @i, LiEMEREICHER L T
WP A2 R - BRI LB bh, ZD
RE I BRIL 1900 4EfH & RS bid. K-AhDOE FD 2 &
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# (501.8 cm & 597.9 cm) TH b IV KGR FRFR & L
R U 7o g HERE 2 12 35.7 em/kyr Td 5 43, T Ofi
ZHIH S NIHEFEY) O IR L L CGEAT S &, K
68 cm DHEFEW S HIFI STz Z & & 70D, TFAL(4.55~4.99
m) OF 7 7BOHBEHINDDET vy a - A
N THDAEEMEDRDH 50, L7 7 7B TRLNDHE R
RS T X FREERTALO T 7 T8 TS bk
WZenn, BHMHOT 7B THL L L THLZOBE) -
TEWRIEEEIRE <2V EEZIDBND.

FEH

DU R O A A 3 K OV BER i NI A D BRI S
Nic 2ARDIMAGES 2 7 OEMERF, FHRETN, 77
TREFEHGRZ LT, ERFERIZLTOEY TH 2.
(1) KEEphm FHER D 5 RIS 172 MD012422 = 7 D

BRET NV, BERMCEREF, B RZERARE

BILE B LRI N, 27 2RO FHEREHE
1313.1 cm/kyr Th o723, K114 mfhr LD _EA7 T
FEHERSHE L, K69 cm/kyr IZEE L 7o, RS
HOMATICEY, ZOoL5%=aT EHTOIEEICEN
R X, 2 a7l v 7 OO R
WoOBEIEIELARICE > T, RToEBENMEEL
TWAHZELICEDLDTHLZENHLN RS T

(2) R h Y b EIR S 1172 MD012423 = 7 1,
#19m (K117 cal kyr) BURTIEZ — & A bERLH
MNETDHZ b, WHFEEBZE T 2 2ICiTiE
BENPLETHE. Z—L 4 A FNEPEBICHET 58
T L2 EMOKINTHE T2 Z &6, KK
EIRTICE- T, KEEWM D b RTIIER (35 1) 2 HEREY)
T e ABKRELSLLE/LL, KBICFEIYEF— S
A MBI T ey T4 v T o TV LR
Rans.

(3) 24223 7R L V2423 a7ITRBNT, FIUINDERD
NFEZ, R ANVT T, B, MAEI LT T ER
DEB DR T 7 7 BEH - FE Sz, B LY AR
THAEY (K-Ah), IR Tn (AT), BEEF (A-lw),
mEmEIL (A-Fk), £ & (Ata-Th), INARE (Kkt)
Thb. o, HIEARHOT 7 7B LKL T A
DIREREPEHERD D,

(4) EToHE?HER L 7B LR O R IR R
RAEDSHEE S5 &, AT OREHIEERIT28.1~28.3 cal kyr
Thb.

(5) A-Iw, A-Fk, Ata-Th, Kkt %77 71%, ZhE
THHE 2 7 226 OEHBEB DN L, BB
FIZE->THLNICEINZET 7 T EOEHBYE L
FIRNLAR AR & OBRITA % o PRI Ic B 1T 5 1A
W77 7oBRBLOS M LHERT D L TEET
B 5. A-Tw O ALK 58 kyr & HEE & 41, MIS
ABBEFITAIET 5. A-Fk O HEMRITR 1134 kyr T
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BV, MIS 55 FICIET 5. Ata-Th OB HFERIE
#1246 kyr TH Y, MIS 8.1ICH L T 5. Kkt O H 4
RT3 4 kyr TH Y, MIS 9.21CFIY T 5.

(6) hfrcHEe 2423 2 7ICB 1T 5 K-Ah X FAL O HER S %
HIFIL THRIL TRV, 2o, T7I3BHKY LB
ETALE &P TWD, B, K-Ah EATE I =%
BICHERE L 727 v v o — B8 A b EIREND.

i

AFRICA W a TR ORBUCH 720, dbifiE K5
KB BRER BE AL 2T TRl O KR EGE A FHIR 2 1L U0,
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WEFE DTSR PR A H SR N BN e & o & — I | & 1
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