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Abstract

The Paleocene-Eocene thermal maximum (PETM) is marked by a large negative carbon isotope excursion (CIE)
and massive seafloor carbonate dissolution. Both phenomena are thought to have been caused by a sudden release of
a large mass of carbon. The step-like nature of the CIE onset combined with the CIE magnitude has been explained
by multiple dissociation of methane clathrate as the primary source of carbon. The natures of onset and the magnitude
of CIE, however, are different between marine and terrestrial records implying potential artifacts in either or both
records. Recently, the carbon isotope stratigraphy based on various techniques including compound-specific isotope
analysis on terrestrial and marine biomarkers, single specimen analysis on surface-dwelling planktonic foraminifera
revealed that 'actual’ CIE is as large as 4%, or larger, and the onset of the CIE was geologically instantaneous. These
results demonstrated that the CIE magnitude (2-3%,) previously applied to estimate the mass of carbon released
during the PETM was considerably underestimated and that abrupt input of "C-depleted carbon to the ocean-
atmosphere system. Forthcoming high-resolution studies on the PETM with precise inter-regional correlation would

provide a unique opportunity for comparative research of global warming between PETM period and the present.

LIEU&IC

e 3BT /46 37 HE IR B2 {L A% K (Paleocene/Eocene
Thermal Maximum: PETM) 44144 55Ma 124 U
72, LR 2281 2 mEERE TH Y, RERIE
FERE (CCD) OF LW LAZMES 2 M5
T\ 5% (Zachos et al., 2005), PETM (35 T-4E 72
WLZNRUTOMMTERIIETLEEZLR
T3, THITEEEERYIZOWTE 2
HE A0 2 e DO BRI T, IR L B
X, BRERENALREZET NI T VIRERE
& (TEXs) D7 — # 12 XU, B CTidf 4T
(Kennett and Stott, 1991), Jbiii TiZ# 5C (Sluijs
etal., 2006), JLEERFEETLH 5~8C (Zachos

et al., 2006; John et al., 2008), Bk TIE
# 1-4C (Thomas et al.,, 1999) &, JEFIZHKE vy,
PCIZZ LWEBWRENSREICHERO KA - Wi
R E N, COIZ X BFRVIRERI RN U7
ZEDPEIMDOEE L E Z 61T 5, Dickens et
al. (1995, 1997) 13iEEEIZIBITIAA 72 CO. 25 pH %
TIUF, CCD &Y v 794y (BHRER) oLR%
FlaiRI L, WBEDORBIEOEBEBEIED 7 1 —F
Ny 7L LTV EEZ TWE, HEOHEKR
BRI & P GRELETO SR S, mR{Lo
BE, e bifEZsns CO.0EE) »5,
T & CTHEIHNIHIFEEAED STCB Y, PETM O
BIEA~D A 2737 MIET A0 BEEIIRE
TENZET AR S L (IPCC) &I kIREE

* Forefront researches on Paleocene-Eocene thermal maximum event (PETM) : contribution of carbon isotope stratigraphy
FRERRFEARY AT LA%%R, T920-1192 SR AT SRAFHRRE 2 58 GE - HER)
Takashi Hasegawa: Department of Earth Sciences, Faculty of Science, Kanazawa Univ., Kakuma, Kanazawa, 920-1192
e-mail: jh7ujr@kenroku.kanazawa-u.ac.jp, Tel: 076-264-6513, Fax: 076-264-6545

NI | -El ectronic Library Service



The Japanese Associ ation of Organic Geochemists

=4

Site 1263 (Zachos et al., 2005)
d313Ccarb(bulk) %o vs VPDB

5

Site 690B (Bains et al., 1999)
313Ccarb(bulk) %o vs VPDB

-1 0 1 2 0 1 2 3

334.0 : ’ — e L * ‘ : 150
a) f b) 3
&
<
°
(e o
g 3345_ """""" L 100 E‘O
LS i o
n ®
. >
2 £
% 3rd step \u‘_';
L 3350 o
o
2 - 50
3 (]
g 2nd step :/_—;
g \ “
o h L
% 335.5 Ist step | ’g
E _________ <\ | 0 %
___________________________ ) &
(]
2
-
©
©
336.0 o

L-50

Fig. 1. (a) Comparison between §'°C curves (carbonate, bulk analysis) from ODP Site 1263 and (b) Site
690B. Tie lines indicate correlation made by Zachos et al. (2005) based on configurations of the
curves and bio- horizons of nannoplankton. Age for Site 690B is based on helium isotope study by

Farley and Eltgroth (2003).
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PETM (&, RERMAL (6°C) EO2M % A
I 7 A ¥ — 3 3 » (carbon isotope excursion: CIE)
WKLo THHBISTON L HMERERRDORENEER
DEEL, VPRI NTEFIRED S ORBETH
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AU LITHE ST % (Hasegawa et al., 2006;
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N72T O COoO P SN/-DH» ? | OFFwRICIHEE
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7 (Site 1262) Tk, BROBEINIVERLE
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Fig. 2. Schematic diagramexplaining artificial alteration of §*C stratigraphy. (a) Assumed pattern forcomplete

record of 6" °C fluctuation in ocean-atmospheric CO: reservoir without any superimposed signals or
stratigraphic missing. (b) Supposed §"°C stratigraphy by bulk carbonate analysis with stratigraphic
missing between horizons W and Z. Deep sea sediments could lose records of just before the onset
and earliest phase of PETM because of “burn down” (see text). Carbonates of horizon W are overlain
by that of horizon Z. Note that it appears to be continuous with a conspicuous §'*C excursion, in
spite of considerable stratigraphic missing. (c) §"*C stratigraphy supposed for sedimentary sequence
recording oceanographic perturbation just after the onset of PETM; predominance of surface-dwelling
nannoplankton associated with shrunk thermocline-dwellers would cause artificial overprint (positive
shift) between horizons X and Y. Broken line indicates pattern assumed for record without change
of nannoplankton assemblage. (d) §"°C stratigraphy supposed for sedimentary sequence recording
paleoclimatic perturbation on land between X and Y; predominance of angiosperm overturned from
mixed flora of angiosperm and gymnosperm associated with climatic warming, or physiological
response of terrestrial plants to increasing temperature and/or humidity would overprint §"°C signals
on terrestrial biomarkers resulting in an additional negative §"*C shift relative to the original (broken
line) configuration between X and Y.
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72l 52 T 3.5~4% 0 CIE BUEASHERE S
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etal. (2007) 12X 5L, KRRCOPEEL/-TEH
D CIE DB NA < —H—DORBEENDS L
I 51% TH - 727 5, Site 690B TILIRIERIFE
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£ 9 A48 49 (Farquhar et al., 1982) O K% £
DOFEHE &35 (Bowen et al., 2004) , PETM Bif C
EREICHRE T AT (I A ) A O
D 25, BEEB I OEREEORBIREE TR
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and Adatte, 2001), Bowen et al. (2004) %, PETM
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DFEHL (Wing et al.,, 2005) 705, SEREEO%
WBEEAE S o 72 2 EPFRIBEINT VDS, n-
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AF I T TREZRHRPEY L2 v) EE R
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WCHET S n-7 v h S E R IR E SN L
R 7zo BAEMD T — % TIl3ehIEs & il %
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WTRONB KX CIE ®EEEkIE, PETM BRI
BT A (KEZALIZMED ) MoK E 221
MWEERTH S ], LRIz LA L Smith et
al. (2007) Tix, HEZRLIZBWTOSER & #
TR D CEDZED, BELFEHRTH 7200
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VDA % $-PE§ 5 Pagani et al. (2006) T,
BRECRONAHETHEY &G THY O CHEDE
i, 1K COIBETIZBUIT A KRR ERD 2 % St
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D 4% D CIE X, pHEIRZEIZTIULT4.5% & &
L, 5D Cw® CIEHE & 1FIZ—FT %,
7272 L Pagani et al. (2006) {ZCy D CIEASZL L D
D 15% b REINVI EIZOWTIEFE LT,
# D 1%, Schouten et al. (2007) (X, [ UJbte i
DFEEE AW CEEB RN A~ - — (Tt
FO7UELY X ETELRTA M) EBTHEY H K
ONBHEFEEN) FAR 2B L, 150
SPCEDBFEEEIZHO I Lz, EIREN &
2, F IR SN T\ 5 CIE B3 s H k5
T TIdHI 3% TH o 72020t L, $FHEH ks
FTlE 6% 2 b FATW, 5, SHERIZIA
AOSCCEEE * BEICEHFELTWED, HF
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Wit % 2V ANBIHE VR D5, KA CO: D §°C
EEE % KM+ 5 [EOCIENR] 0FEFEIZTTF
FTHIREL o TE T,

L OmLIZELNEIFEE /- bOoMER
& L TIEFEE N PETM Bl 6°C 7 — ¥ 234
EENTAD, 6D CIEMEIZDW T,
Schouten et al. (2007) IZBFEINTWAD T, &
ElZE N7z, COBERKRER & iy 4 B
OKFIH®E, Sflar sy sy o2k L HHE),
TEF AR O 6°C E DB AFRIZ DWW TIX, Beerling and
Woodward (2001) [Z8F L V2

5.8 ?2EHARN?EERN? PETMEEDLS (I
WE-TE=DOH?

PETM Tid, K& - BER Y — D425
CO: (IEFEWEE L TIIAY P OHEELH D)
PSS Z & TRBRIBEILPE L LEZ
LNTW5D, Ul JIEEL, LAaBEO
PRI X - T COAVKREUIATIN & Ifiet T 5 #HiER D
HIRE RS 2 L TRE Ik b fto CTHIEIME
(WD ZHETCODEASN, KEFE I K
G L7z OFFMEHL»IIT 52 &5, PETM
Wik b EELFED—DOThH b, PETM H4)
HoOSKIZEA L CE, BaEhd b RFATOFEED
THLHELPIZT A EDPRHETH L, CCD A
EENCEC LB 2L o T, PETM S48 T
B S N7 IRESE MR S N v 7-® (Fig. 2b), &
MRIERAR O BRIEIRE (B - IRFRAMAL, FiE
HEILE, EEFILE, S/ T30 0 Mo l)
PEZ WS THbD, PETM M2 1T Tld %
{, HERTOHEFEW L “bum down (PETM #8112
Z53E L 72 pH O EKAS, ERTICHERE L - HERE
MERNPLTCLE)ZE)"IZLoTHRDILTWY
5 AT REMEASE VY (Zachos et al., 2005), FALTlL
BRIELIN OBRBIRERIIER 2 Oh v &, £
TldZeve DX D %2t 2 a »Tid PETM Bi%h
ERTEZOMRY EFERETH Y, HEEERE
HIEFITEN- D, EHIOBEOELI L A IEELIC
LY BWSREE COMERIZIAF CE L WEHENS
Vi, PETM @I EADOBFEAS T RE 722 D%, CCD %58

b EH L 72 PETM AR 52 BV TH, CCD &
NERWKIEZRE> Tz &) REREORE TH
Bo IKEDENEFE T TR, BEIFEWHE (JB) Ot
ERBFICIRBIEO RIS S 5 L ) R BEMIMRE D
IATBENIHT S,
ZFOFGTMWIzT O, MPRESEEICMET
% Site 690B ORKTH S, PETM FAHIZRI L
TOFmIE, ZoaT7omext e LTHRYIA
PS5 T &7, Bainsetal. (1999) (X, HEL[F
7 A% U-channel 3K 2 BRI L, &FMl 72 Rk BRIE O
SUC il (&HEREW 57 AT ) ZRBh AR % sk 72, Fig.
IbIZRTEHICCHEDA~D Y 7 MEI—BRIZ
ELSDTIER L, 3EBEIZG2PNTn, #
NOFTEEPIROBMTY 7 ME2YKE L, 3
BHPBRLERLOLTY 7 MEAVNEDR o720 2D
B ORI S, A7 A FL— kR EICH%E
T HIREDORR - BERNOFEAMTEREN A
72 &9 5% 2 5 (multiple injection #4.) 25808 S 1
7 (Bains et al., 1999), REEIEO EMHRIZF /75
VN URETCH 7255, Bralower (2002) (34FED
FTT Y YEOMRENY — D SPCEE)
MR AL 22 & A5, Fig. lbD X9 /3% —
NIERKIEOER LB F ) TS5 7 b OB
HHEIEALT LI EIZE > TELLRPT EOE
ft. (Fig. 2¢) TH H, K& - BEH O ZBILRE
DA —ND SPCEEE E K3 5 3 O TldZe v,
Eim U 7ze AR L T Stoll (2005) X5 75
NN A N 1 R b Gl OF -85 T il
TET, MOBBERIZL L CCE~NDEES
W L7275, ik Fig. 1bD X ) KRBT 7
NNy — v fgiz720, BB 7 MEITED ]
SPCTHZEBYZ XML T\ 5, &G L7z, Fig. 1b
LEFRD N E — VIR KPR ODP Site 1263
(Zachos et al., 2005) (Fig. la) RfEE O 7 2 a »
ICHHERREND T EHH S (Bains et al., 2003) =
& 75, multiple injection FiiX—FrE 27 D B
ENnTCwiz, LHAL—FT, BE—EOBE—EKT
EAFHEEEILRORERVAEL Z S LZRT
a7 (Site 690B) DFFRIZIE, D L) RERER
I MNEF oK RLSNT, R EOSE Y
T EEHY, ROEBIIRKRKOY T MEEZEEKL T
%, HEAIZEE L Tw {3 — % & % (Thomas
etal, 2002), FloEKELs 3y THbH =2 —
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BEHT I — 2AFTHRER LR EE (PETM) IEO&EHIMR © REFRMALBFEDO R

¥ % — T — i (John et al., 2008) FEMIIEREMIZ BT
% H—Ef T & 0FEEA LR O SCCESHT OF
FECTOLRBOBEREIMEON TS, ZOTHEIXE
S ERITHOHEIHE LT, BEFHOATH S
L) HCEESBT S L, B—EEE I
VA B 7o FEHERE S0 A B EL C PETM TE R O A A%
BAL, FHEMNREZHBLTCLEIZEELL
Vi, SPCIEDE T 7 M ANEITT 28R TR 2
EATEELZNEW) T L, OV 7 FHPHE
FREERE LTRSS ZWIZ BB kET
HolZ xR L Twb (Zachos et al., 2007) o
¥ /- Site 1263 T Hasegawa et al. (2006) %5Fe b5
SEREMIHR O n-T W H v D SPCIELE & KD 7-%E
F, FLa7oRBED SR (Zachos et al.,
2005) IR HNE XD ERIY 7 MERLA
¥, R FEHMAESEKRY 7 MEERALLOTH -
7oo kDO Z EH 5, HITTid CIE AiFO R EIR
O SUCIEEBIE, B LI X A RN ZERIC
IrdbnThyh, RECO.DO[ED] EH#HTIER
WEEZ BRREDN S, L, RELESHT
Fig. 1a,b D & 9 ZFEBARD /N Y — 1272 5 DI
DNT, BB TWAV, BEETE L O
FiL, COEANIBTHELUTOHEBERIZELL
EZTWh,

6. XJ L DRERE

CIE OZENED##L, CIEEMORBEL, &
BHEIZY 7 PLZBEDCHEDEIIDVTORE
WTHDHLDL, M IITLELZ . LL,
PETM O MBRIRFEALICEAT &2, 5%
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