oy o g MDD BART
C_’ %NTEW&S]T*WT% l‘l'ﬂ :F%I¥X% GO TR 9 I 3K A

CHIBA INSTITUTE OF TECHNOLOGY (| | -
@ AATRA ERA

BED MBEBE] 2REBIEEA =X LDEHE
A ¥ FEORIBHED DR R

1. BRE: LI fFE GOURFRF LYSRITER o 27 MRS5S B
TETERFPR A EE R 27— JIBH5EE)
g s FOURFRFRE TRER =¥ — - R T m 747
S = VAT DAL Bk
TR TERFPR MGG 2 — TR/
VEPERFSEBR T A% (JAMSTEC) 81 LJSAFZER)

2. BEORAL L b

@5 5,600~5,200 JFAERTICHE D I LIEAE U= 240> 22 HIERIERE LA 2 b OFEH
7pRiEk . R THID TA v REEORUEHERE I H1E T L E LTz,

QVEEDEMAFENHE K L CREABERD DR 72 " LRFEERET 2 2 & TR
BELIEZ L&, HERBI LT — 2B oME7T 7 —FIZ L VLN LE LT,

O ARIFZE DR R, NEEIN RS 2 K EORERNE T A ISR LT, #iEks 25 08
EDLNSET 2R TFELL EORMA T — VTPl 5 ETEERIA L 2D 7,

3. BEHE .

R R FPRFPE LSRR 02 I FnZE8h 38, IR S0, PABIRRAR R, TIET ¥R
LU EE IR IE 2 o # — DK A —BR LRI & @RS o 7R A v 4 —
DOMFFEHSZ DML 7 N—71%, mifbaE GE 1D [2H 72559 5,600~5,200 JFRTIZHE Y K
LI LT 2B S0 7 BRI IR L A XV b OFE stk x . AR THID TA v REDHE
WD O OE T LE LTz, 51T, 2O OLFAT — % Z et fiT L, MRFOHERS
W) % WS DR DML 72 plioy 2 /0B - M U E L7z, T ORER, Rttt o5 oiEEL
A Ry MTBW T R OEMEEN K U CREAAMEERD D AR " bRFEIRET
5 THERS AT LOBADT 4 — K7 | (FE2) EFEEID A = X L0ERE L, IR L& #&
BTV BRI LML F Lis, ABFEOMEIEL. NEIEENC X0 i S KRE&D
RENRAT A (1 3) BT a— U RBRCWERBRICED L ) 7B e 52 EDXHICLT
TEOIREENAIE L T OnE, BHEU ORI A7 — L CHHIT 5 ECEERMAE /2D
3

4. ERNE

A5 5,600~5,200 AERTO BTG, ZE A EIR L 72/ 6,600 1N O BIE E
TOFHAERDT T, KHIRERFFR T L, ZOEER NNy 7 7770 ROKBEITMAT, S
O HIRE RS THyperthermals GEIERE ) | (FE 4) & FREN D, B> HE AR 72 HiER
BIEAEA X R IR UEEL TV RN TWET, Znbo TEEREE] X2
MELKREOIREZNR T AN KGAMHERITH SN OICE LT EZEZ LN TNDHZ &b,
NENHALERHE LT D KEO ZFVREIC L > TRERIIINE Z 20255 7200, HiEk
EOHDEHANTER T —AREZT 4 LR ADIENTEET,



Z 9 Lzpidisaa o TR (L) A X FOEBNE., fIT 15 < BUVLORIZ, KIFEESR
KEFE, b, A7 =7, a—ay/X k7 AV AL RSN GRA LG ST
WET, LR, RS SMVOmBERF ORETHHICHLEDLLT, A > FEECBITS
B BRI L A S SN TE L., A v FEETRTHMSE o iR 1L TEX
IefEWROEAEE 72> TWE LT,

T ZCARGE Y NV — T V%, ESIAR G BRI TE N AR JE B S B e e = AT (T B) ITRE
INTWD, A > FETIREICHRE SV REHEREY 2 7 02 DB 2 8B L Lo 2170
F L7, OFTICIE. ESEREEE o TREITE Y o ¥ — DR E RN RS Btk L O
SIRTEEE 72 & N H R KPR LR R = r ¥ — « G T a7 4 7/ ¥ —0HH
X BRotriE s KOS E 7 7 AvEESITEELZHWE L, ZoR%,  TEER ) «
ARy N ERTEBORZEFRMKRLEORTE (F6) ARSI, A THD TA > REEICBITS
HRIRRRL) OIE 2 SRR E CE T T A Z LIS LE Lz, Zhuc k., midisagt
IZBIT D —HO TEIRBE L 1A X N EHER R BIR A #) Th 72 2 EFEEIC/R D F LT,

ARG T N—T 13X E BT, AR TH LN REBEORERNLIRI & 29 FE O TR EH &)
5D 30 IRTTOHERILFET —F & v b Z&, NI GE7) & 9 B2 Bt 1% CRT
LF L7z, ZORER, T2 BNEORIEHRED 84%0, FAAIZMSL L T\ 4 DOy« &
WIRIRER IV T I (RIRE T 7> 7 SOk, AWIRY VB> w b (e EOHEE
F), WEERBOAIRE T T v 7 b U BHEO L F T2 13 HERE R OFEAGERFE D B AR T A
N i NY o L) TSNS Z e £ L,

INBDI L, EMEAT A FOHEREX,  THIRRL) A X MEORBRNAKL 5 L
B LML COE Lz, RKEABHERO BLIRFEIL, ERE CRAakET24m (77~
7 R IZE > THEMICE S, BRE~SEINE T, ZOMWE CHED ORIt S
FTD, EOBRINT A SPERL, WENERELTOWEET, Lo T, ESEREY ~D
NTA NOWEENEINT 5 2 Lid, BEECRT 2 HY O 4 PE L B~ T 7b bl
EEPEMEOMREZER LET, 20 &b, AR THI LA T A NMZEHET 5 AL
Oy, WEEE DA FEME DB R DK RAEERN ORIy 70 “LIRF EFRET H 2 L T, EEL
WHEDN B I DRFE~ L HIERO R AR S TS THOT7 4 — KRy 7| 2R LT0WDHEEZDL
NET, 207 04— K v 7%, b4l IR Th-o 728 5,600 JTHERTOBERHE
R LR LA (PETM) (£ 8) THERE L7-Z & N ATHFZEIC L D STV E L7223,
X /NRE DB D TR A X2 MZBWTH [RIERICHERE L 72BN 78 A 1 = X A
THDHZEN, AL VD THLNERD E LT,

NEDBERH LT DR EDOIREGN R ANHEREREEIC E D L 9 8% 5.2 5 D)
WZOWTIE, BT R = L—y a VR DMREDNEANATONTWET, L Laenb,
FELL ORI A 77— )V CIEREIC TS5 Z &3 L < | iBEOMERBRBE A8 O Fedkh
ek FeRD FT, ABFROEIL, 2SRRI AEIZH LT, TORBIC L T
PEEMAFE T 4 — RNy 7 PIRBLOKBICTH G THZ L 2RE L TEBY | fEROKELET D
FEM 2 T4 5 ECEERMAL 20 9 (2720, s iREREETH 2 niiiaer it
&L HRRIOKIRNFET 2B KWETH HBIE T, EHEL R RES AT AOWRIEN B
LI, 74— RN I OBE RERRDAREERSH D &0 ) RUICHEBET X ERSH Y £7),

Ltk HIERS AT DMCRTET D29 LT2BAD T 4 — KRy 7 OfeT 2 4 4 3 /=0, [EfE
(2 DIERI A — L% X0 FEAICE H82 95 2 & T, B PRI A 7 —v BOr Ll )
E NSO A r—v BETAELLT) OF v v 72 ), KEEE &V ) BIRIZOWTO
ARG 72 BRI & & HIC, ZOREE TT HREDM EIZ57e 3 s EMffShvE T,



5. FEHE

MEGE4 © TScientific Reports] 9 H 12 HAR

FLH# A KV : Earth system feedback statistically extracted from the Indian Ocean
deep-sea sediments recording Eocene hyperthermals

FF )R ek, RATERORER 1, KA —RR 23, MUFEE 4, DNEEARTE 8125 %

VHORR T RFBE LR FER o A7 LRI R, 2 T3 LR P& AT
s — BRULR P RFE LRI =L — R T n T 4 TR Z— 4 G
HRFME 2 7 REIEE v & — 5 RN A G IR JERR R & o 2 —

DOI %5 : 10.1038/s41598-017-11470-z (SREP-17-21218-T)
77 A K727 k URL : www.nature.com/articles/s41598-017-11470-z

6. HEFH :
AAKRT 9 A 12 H (k) F 6 (XY REEM - 12 H (k) FFRT 10 ) LIRTOAFR ITEE
CHNTVWET,

7. BWEbEE
FORURFR D LRFSERE S A T L AIRCE R
Bh#e &) Fnge (oo )
TEL: 03-5841-7017
E-mail: k-yasukawa@sys.t.u-tokyo.ac.jp

FORKRFRFPE LR R =3 X — - Bl 7w o7 4 7 v o2 — VAT LRI R
B g wiE (S RTOA)

TEL: 03-5841-7022

E-mail: ykato@sys.t.u-tokyo.ac.jp

8. FHREMEN :
(7 1) #hETHE

BAEN D 5,600 JT4AFERIT~3,390 HAERTOMIM A7, Rillaa#Er it 5,600 J54-/i1~4,780 J7
FATE TOMRICHTZ 0 | ARSI & KB ZOKIRAFIE L, R ZETH -7,
BAED 1T 2 AR & 5 BREOHIE D B 1T, IRFARDOBIARS Y =DM o705 T %,
AL TR E LoDk, miflia#iiito 9 B 5,600 HHRT D 5,200 JTHRICHERE U 72 4
WM TH D,

(2 AT 44— Ry 7

RERRBEZR LR AICHET 5 1 DDV AT ANICBW T, b AEZENTb A 2 LT,
DO EEFR & OFAEAEH D DEIZ L D EZIH L R Z2 wOLERIRBIIR T BT O &,
AMFEDLE ., KR O FRLKRFIRE D 2PN 2 THRBELSE 2 o 72, EMAFENIE 2
TMLIRFEEWE L2720, REAFO ZBLRFBIRENS TN, BEANKELZEEZS
b,


http://www.nature.com/articles/s41598-017-11470-z

(7 3) IHEES A

HIERDDFH~SH T N ZE T v 7 L, O & MR CHAS T 2 HE % Fff-
T2RUE, BAEDO NEN I L TV DIRERN RS Z12I1E, ZFLRBOMIZA X 72 B0 5,
ATEAREHT 212 U D & T Dl EOHERERR L DM OW T, KA O EiE-CHEIE D A
B oA RL—hDOBJRZ L > TR ENTZAZ U TARFKRD 1 25EEZHNTWVDHA, K
L[ Sz A &2 AT HFRRE TR b S, —BMbRFE & 72> TR LICH G- L= &5
26N TWND,

(7 4) Hyperthermals GEEiERZ(L) :

BmEET . (ATt 1 DRTORER) 26 Rl E Iz 23T TO R Z2IRE LM %
THA LT, RSB 72 ERERAL A X RO, &b &, 1991 FITH L S N7 BE
it aepr B RGRR ARk (PETM; 4 8 2 28 K <A Tuiz, 0% 2000 FFRIC72
> T, PETM |2 & < 7= 458 A& Fon PETM L 0 SO/ NS WIRRE (LA X b3, wiisG
PRV IR U Z > T2 Z ERBEMNIT/e > TE 7o, s LOWHEFZHFETH Y, H
AFER SNSRI T E AV EFE LaWed, Z 2 CIlEfEE B THEiER (L) EREZH¥TTW5D
(A R MRAERTORIEDBEIC, BIEOHIER L Y 1352002 5 < 10CLLE) R TH o722
END),

(1 5) MEEFE RS & n = 7 /SRR

[E SR AR5 (International Ocean Discovery Program, IODP) 15 X OV ORI &
OGHEIRHIGHE TR S L@ R — U 7 a7k 2 RE - HEL Wb, I 3 FEiTd
% I0DP a2 7HRERSD 12 F%D 22137 A U B EREDOT XH X AGM K¥FE KA YO
L— A R, REELFEF TR & U TRk % 72 o irikas 2 & PR 2 M En R HE = 7
B =BT [EMaTrtr & —] ZHR L TW5D, RBFEIE, BENF7ER
E A =2 T WFEET O W /) O T2 IODP 3pTa 3 % =2 7 ik Bt o4t 252 17 A E 3L [EF i A 4
FIH U CRARFMRTE 2 7RGt v 2 =28 W Tath 21T o7,

(1 6) RFEFNARLL D FF

HORFUCHFET D RFITIL, ALFROME LR U708 &0/ 5 12C L BC DY . WE
LS TENLDOEEND RN > TND, BIZIX, EMTHEROBRIZEE 12C O F %
SRR AT EE D 5 5120, AW O RERNRLEL (18C120) 13K 7R £ & e~ CTHExt
PN NS B2 TS, BihGEET I TRIRE L) A <2 b ClE, RFFNAREE S SR T
LD TEOREE ] BDEZ o7, ZhuZ, /NS RIRBFNAR L O Z FFOIRZE DRI A D3 KK AE
RICKEIHE SN2 2 & T, WKWK P CEE LT T 07 b Okl EDRFBRNIRL N
BHEKANAR T L7 Z ¢ 2 E%RT 5 & —KICBEZ LTV D,

(7)) ISTRES AT

IRy B AL 245 B € 1990 4RI IA < VW BN D K 9 I > = B ST FiED 1
D, THEEIINET D FEESM)] 2R LT, BN EZOHRNLITORIFES &
FNOHDEAT A ZRIRFICHEE T 5 2 LN TE D, MRS M e A& 1 3R TR L
B D EAECHET PR E, IO OfE B0 B, BERFOTWEI OBk, Rt —
X DN E. DA TEIRIZE > TV D,



(7 8) WEdT A B SRR kiR (PETM) :

BIED B 5,600 JTEERTOBERTH: & ARFTHE OB ST IV THAE L7z, SIM7R fIBRIRBE (LA~
v b, HEE4 O Paleocene-Eocene Thermal Maximum % #% L C PETM & FEEIL %, PETM
TiE, BTHEUNTEEREWSIEN 5Cr6 9CER LB 2N TWS, £, EEELIC
o TIRBRENARHAS EIITR N2 & T, URBIESICHERE U 7o IR AR LTz, AU,
IRFEFINLAREE DD /N S W TR B IR R DS KRBT R KAE R~ S 40, E 40 6 23 EKITEET T
WEEERME LN Z 572 2 L 2R LTV D, PETM OJFERIFSEAITIZN 3> TR, HREED
AR A Rl— MR L CREDRT ADKREICHN SN2 LT 5013 H 5,

9. &R :

(PETM OR%BZ 0 &ELT 100 AEHEMNUTRLEED)
3 2 1 0 -1 2
| | L1 I T S T T T TN T M N T S T M I
2r? C24n.3n C24r ODP Site 1051A
C24n. 1R C24n.3n c24r DSDP Site 550
c24nin C24n.3n C24r DSDP Site 577

L K J 121 H2;

(*%) ATl
OEHEYEF

(ETM3) '/ /' H1 A
/ - (ETM2) ;9 : -2
: P : ) i ! L v o 1061A
' / 1o "oy I e 1 VL A P < 10518
5 L _ PE'TM \ vy \ — 1262
E 4 1 \ \ ANty o
SR 5] : e
gﬂ: ] . M!’
& 24 ! ‘o - sy ol Mww'"‘-"'“
KE 14 ! ) fUpTp p'*\'.—w“\v‘“’“"\-“'ﬂuﬂl' W WYy M
BE ] Py s
HE A i ODP Site 1262 k£#13 S HBEDREORE
0
T T T T
3 2.5 2 1.5 1 0.5 0 -0.5 -1 -1.5 -2

(PETM OF%% 0 £ LT 100 FEEUTRLEDBD)

1 BEF R O REEHC T T TR L) A ~2 hoRtek
IR SN RN A DK S IRBRINLIR OB DR (B —27) BEEA G, BT
(Cramer et al., 2003) IZX > TANS LETRENDT LN TS, F TRLEZT—4 (Cramer et
al., 2003) & B> 7 TR L7727 —4# (Zachos et al., 2010) TIHFERHEEIZHANTZET LN RR 51
W, BEEOFEMNEN R/ D, F2, HF ORLET =X It 0# L (Cramer et al., 2003) 1235
W TR BRI DFRE STV D RICHEE,



2 AL T AW T RE O ER B A
FHA v REEICH D7 v—27 igsa TR & 4172 Ocean Drilling Program (ODP) Site 752 35 L O
FARIEA ¥ RIER T X2 —I2o D7 VT L Ul TEEI S 472 ODP Site 738, Wihlh, EAHIKY:
YR ¥ X ANICH @M a T2 X —IRE ST\ 5,

(a) Site 752 (b) Site 738
T e | & |n% | dmes |mate ) (mE coe| it | e |®mm| et | WRn (st (%) AR (HE %)
i el s N b N SRV MRS B S SR
lgp=—=— EN S "?‘5 7 3 = : e T T T
= ;4: ETM3 1 1N/ I -
1ud E oo 3 ma] , \-. / -
1304 E E E 4 :‘:' -
oo sl EK 1 E ] _f; \ APSD -
140-: %, Y i « ] FiF / \\ 8l -
A il L St
o "H " mat, ETM2 g, | Mol B B g Aot -
sl - T - 1 B - - o -
g'.sn-" \ﬁ E 321’3- II% ? = ‘{". — H2 ._&.'} .
2 4 X £ e ] 2 ® ik - ETM2 S
1 3 3 E 20 / -
th - -i:{ PETM Il I -
180 3 ogr 9wy T eI el == C} PETM % 1
|~ F N + 3 1 = - i
- 11N cPe % i \ = 1 B
™ e 3 e . . 1a | =< -
Tl | ™ 43 I| k q zsa: " N ? cPe % -
; N = A 2904 ™, / a4 -
o EIH o} s 3 1 ™| ¥ g
1 S cP7 3 3?_ \c 1 1 P // \\ _
" whdomohmats o " wudouchanuia

[(] s+ [E] smeera—r B siesz—s mRuFa-y [ PRREME Fr—t

® TERBEIET—¥ [> Stensicina beccariformis O A inoides dani + N ides truempyi O Acarinina soldadcensis
(FFEIC &L B) (Site 752, Seto et al., 1991) (Site 752, Seto et al., 1991) (Site 738, Lu & Keller, 1993) (Site 738, Lu & Keller, 1993)

B3 WFEktS e LI-HER = 7 & | AR DRI BRIFL RIS X ORI A D7 — 4
2 DDA b A 249 BB ARIR - AT L7,



aEIDHERE X

watm A I IRAER S S
Ca S
REEAILD 7L

=

UoBAI L

NSk
(WREEINU L)

Ca

X=2AS

— , Eﬁll

ample

4 TRBHERI) DAL PR — 2 kb ST RS o0 A ORI
BT — % () ICWTET 2 TIRIERME) &V S a2 R LT BURIATREZ: x
5 MSLIREIRRSY () ERFOIBEIEN (A) Oy & RRHCHEE TE 2,



SO 11 ic2 Ic3 ©IC4  EmRMisk (k) CaCO, (Wt%) P.O; (Wt%) ZREY (ppm) St (ppm)  Ba (ppm)
WELMMAD | apasiaiwemteiiaddireiiiecueniuipensen: o gisgsonm m o ws mme
TN - AR5 S| I | A j R I N B :
> Site)782( | HI 2 l 2l {/ ETM3 ¢ [ Y l % : .
oL e o 3 C [ i K {> ;" b
2 ey - [ = s, k3 [ 1 1 ;" i 3
1301 .i N - 7 = [ + by | :. r- I { ) . - -, .L..
E \. ‘M'd 1 o 1 1 0% 0 0% 4 2 o 2 422101 2 1850 051 152680 O 2 W 000 oy [ 3 0 X 40 s B0 00 500 000 1500 0 W00 000 3000
g e . 1 4 ey 3 o T D H bos “y pr v
- b 4 3 ot % eTmz H. 4 3
JESEETES S AR S o 1
: TSELLETM2 | : I % ! L % ]
2 HETM2 J o o i T,s H ot ;
E 160 NN ! } | [ ! [ ) ! !
Ty - e/ / "‘. FARER ! :
170 "
_""\-.‘r‘-? -‘1 .E E 4 2 .? 24 ? - E‘ 2 -3 -\? -E (? | 3 3 0 ﬂ's _l 15 ? ?‘5 30 ‘_ﬂ ? l_t 100 rE ﬂ_l ﬂ‘? ) o m 4‘3 f @ 100 500 . |¥n 500 0 Is'm 3000
st PETN MRS < caninsanli A A BIK: &
- e\ m & & TR L& FE g
] P "{" 3 g i " g‘ )
gl .1 s =, LT s | | 5 .
SR o P o e | o g |
( w R " — e b L
LI SN et | R | s | S S L S0 B R B #
- sn‘e;;gs
11&12 Ic1 Ic2 Ic3 IC4  BEBMGHEK (%) CaCO, (Wt%) P,0, (Wt%) IREY (ppm) Sr(ppm)  Ba(ppm)
e an | 4 — s - | % .i' 1‘ P— o,
,_ ol | e | g SR
8 L AIrals 3 SRl ; g
M L ETM2 a4, R . Cw e A £
g 1 g g ) s g ]|
2 N e? KA | ETMz 2t || Ea (| Eal [ e
& ; e eaean A
202}
E o 4 % ol i 5 4 1 d ] e
1 A ? s Y =, |
o] - 5 o o 5
PETM —| = - B o | . — Al
- wal ] ¥ ! i ¥ | f ¥

X5 AWFFEIZI T DN S350 HT O R
29 O TLRIRIE & IRFB RN 2 B H 72 30 IR OMIER(LFT — X & > h)D | 4 DO
yEh Uiz, ICLIZAMIRY by o A, IC2 I3AEMIRREE VT A, IC3 IR HEERE O
LIRET T 7 b RO E T ITHERR . OO fE D288 1C4 1XAEMIR N T A N OHERE & [
RIENLIR L DAL Z ZNENEK T MRS, ENENOINL LSy & BhE O TR LR KO FE
FNCRLE DT 2 7 7 A VA CORT, AMERET 4 — KNy 7 2R T IC4 1T, IRBE(LA NV b &
IRTIRFBFNAR L v — 7 (E) L CTHER T %, Site 752 @ PETM TO 7, IC4 (22 LA R H 72
DX, ZOBHEIZZEITIRA L TOD KUK EEE LI AIREER B 2 b b,



BECICEWEYEED ‘-'r = . b i ~
EREULT.CO, E5#MIC -
=X A EM DB

SERER R CH YD —Sh 5

=N AR h R L T

EEANDIN AN DI & ik DIEE

NSRS R REDIEAISEEBEICIE R3S kRhiaA UG
AR B RN DR D R R CONDBREINICIEE 79

6 MREEMIEFET 4 — RNy 7 OB
RN CIERIE DT T 7 N AT K DIEADNERIT e 0 RKABERE O L RFEDNE
B & 72 o CTHRIE~TERE 95 (Bt EpEMEDBR), A O—EITisH THfRSiL, N7 4 b
WELD, T, BEEFEENE KT D & MRS I T DB L NNT A R X
Do ZAUTEKY  REABHERDDRGRIRE (REHFET R) BRAFMICBRES N, K& O
IREZNRAT A DPRFENMET LT, IRBCREN S ICORE~E R T <,



