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Carbon Cycle during the Paleocene/Eocene Thermal Maximum: Reconstruction
from a Marine Biogeochemical Carbon Cycle Model
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Abstract

The Paleocene/Eocene thermal maximum (PETM) is an event characterized by abrupt
warming, negative excursion of carbon isotopic composition, and extinction of benthic foramin-
ifera, and is considered to have been caused by the release of a large amount of methane and/or
carbon dioxide from methane hydrate. In this study, we try to reconstruct changes of the marine
carbon cycle during that period using a one-dimensional marine carbon cycle model and the data
set of marine carbon isotopic composition. We find that the bioproductivities of organic carbon
and carbonate, and the global mean upwelling rate rapidly increased at the carbon isotope excur-
sion event. The lower level of the carbon isotopic composition observed after the excursion event
probably resulted from a large quantity of light carbon remaining in the ocean. These results
can be interpreted as follows: the warming of climate intensifies vertical mixing of the ocean, so
large quantities of nutrients are supplied to the surface water from the intermediate water, re-
sulting in an increase in the bioproductivity at PETM.

Key words : Paleocene/Eocene boundary, methane hydrate, carbon cycle, climate change,
modeling
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L e ghoTwhb (Koch et al., 1992;
Koch et al., 1995; Cojan et al., 2000; Magioncalda
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as et al., 1999; Zachos et al., 2003), HEFEDOIFKE
JKilx, E#ECT 1~ 5C (Thomas et al., 1999;
Zachos et al., 2003), H#ETIE5~8C (Ken-
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SWLBRELB ORI L FREI, EAEFLRO
30~50% DFEAHIL L 72 Z L 2SS 2% 5 T
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Dickens et al. (1995) O RFEH D12 L i,
oL ENIAY v OEIT11~21 X
10" gC (gC IIRHKICMF L 72HE) TH 275,

T L —— T T T T T T T T T

4 ] I T 1 1]

Ly - mixed layer _|

- -“\'_‘ " .

| I P -

< N .

£ 2} “a -

~— o -1

o B ]
o

= | n

[Ze) 1k deep layer _|

ok -]

- P/E boundary -1

1 -

T IR R i b o 1]

Eocene Paleocene

|||Il||llll|lll|lllll|

54.8 54.9 55.0 55.1 55.2
Age (Ma)

1 PETM (X B % jc # [ AL /K o % 8).
(modified from Kennett and Stott, 1991)

% %1k, ODP Site 690 |2 B F 5, % ¥4 Ll
(Acarinina praepentacamerata) & )& 447 LW (Nut-
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Fig.1 Changes in carbon isotope record of the
planktonic foraminifera and the benthic for-
aminifera across the PETM. (modified from
Kennett and Stott, 1991)

The solid lines show changes in §*C of planktonic

foraminifera (Acarinina praepentacamerata and

benthic foraminifera (Nuttallides truempyi at ODP

Site 690 (Kennett and Stott, 1991). The dotted lines

show changes in 6'®*C used as the boundary condi-

tions in the model (see text). The shaded area repre-
sents the period of light carbon input from methane
hydrate in the model (55.00-54.99 Ma).
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Fig. 2 Schematic illustration of one-dimensional marine carbon cycle model.
The ocean is separated into 38 vertical layers. The model includes diffusive and ad-
vective transports of dissolved constituents such as total inorganic carbon and **C,
bioproduction of particulate carbonate and organic matter, and downwelling and

decomposition of biogenic particles.

TOLHIIRBRT LI EDNTE S,
RERIZOWT :

355C — 5wa+ 6inEn_ ESE‘_ (5s_ a) Fo

o v (3)
_w2C (KKz)——Bdc>
9z az
REBUADZREIZOWT :
964C _ 5s¢]c(Z)Fc_ (55_ O!)qo (2)F,
o r (4)
- waé—dc + i(K(z)i&zC>
9z 9z [e74

B HEFEIEE (mol/m?), ¢ LI

22T, C

(year; LLF y), Fo lZBEALIC X o THEICTHRAT
HIR#FT Ty 7 A (molly), Fuld A YA F
L= DHAT T Y7 A (molly), F\XiFHEEE
BT LREBEOEET S v 7 A (molly), F,
HEFERBICBTLHERMWOLERET T v 7 A
(molly), VIZIHEEDLIEDOEIE (m®), w3
OFHRBARE (mly), 2 13KE (m), K(2)
RS 2 128 R (my), ¢.(2) & q.(2)
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Table 1 The parameter values used for the standard case.

parameter  value

references

F, 2.5 X 10 (mol/y)
o 25.0 (%)

Sarea 3.6 X 10™(m?)
K, 5000 (m*y)

K 2000 (m?%y)

F, 2.1 X 10'8(gC)

Berner (1991)

Berner (1991)

Bolin et al. (1981)

M2 (1993)

Wigley and Raper (1987)
Dickens et al. (1995)

EA T oA FL— T oRFERMAKL (%), ol
KW Z > 7 b & DA OB O RS )
BE (%) THD, &b, WHRBIILTOMZE
JAw7- (3, 1993; Wigley and Raper, 1987) .

K (z)= K,=5000 (z < 400) (5)

K (2) = K= 2000 (2> 400) (6)

22T, K & K3ZENENEED 400 m DUE,
400 m LIROILHEARE (mPy) TH 5,
HEDCHBEROBER ML LT, ko2
DEMEE 25,

C

K<z>2—1=o (2=0, 2= 2) (7)
25.C ~

Kmaﬁggzo (z=2) (9)

Z I Ta I HBEKOREE (= 3800m) THb,
AF N A FL— MEBOREOKREID,
Dickens et al. (1995) ORFEHH (1.1 ~2.1 X
10¥gC) #HWV5b, T/, A% N4 FL—}
D R FEFRNARIE — 60% EAET 5o fliHiD7z
B, AF VIFREHFTTAR2I (FEE~ 10 4F
BET) B bkFBICELIhsb0L L, CIE
BHELDLZAL I V75 1 HER (Kennett and
Stott, 1991) X TR THFHERBAKICHA S E 5,

DX IHET LRI, HFRFEMARLLOR R
WS, WERBD SRR/ L T o 72RER
BR/EOLNTWBEHNS THSH (Thomas et al.,
2002)o FEHET — ZADEHIZN NI T X =5 D
fE%Z R 1ITRT,

=77, ETNVORREME LT, EREREREH)
# (ODP) 2k o TH LN MmIKHERY 2 T
DALZEGHT A B A% & N7 RE K K IR E K D
RFERMAARLORERMZLE V5, RIFSETIE,
K@K & RIERDOWH O ji F FALAR I O KR 5
T=8 2o THEY, LidEXbDdDTHEHWREEF
REETT S N7z, BN CTH—D7F—% &y b
Td % ODP Site 690 D¥F#EMEA fLH & EEAF 4L
N RFEFRBARILDOKRY 7 — % (Kennett and
Stott, 1991) 2 HEH L, EOEE) )y — 5B
R GEFNY — Y ZREL TR ERRT L
129 %0

7272 L, ODP Site 690 ® 7 — % T, 54.92
Ma DB, £EKDT—FBRKFELTWE720,
JEAFILHROME Y 2 %\ W MEE RIFEKO HRE
FfRE EIRET 5. i, LY A M THDS
N7z bulk carbonate O jic 3 [F 7 & e O i D 2 )
/3% — (Bainsetal., 1999) %, oA S
o727 —% (Bralower et al., 1995; Schmitz
et al., 1996; Thomas et al., 1999; Zachos et al.,
2005) ICROHN B4, $74bBL, CIE LEO
RFEFRBAARLDEEAK - KL HITIZIZRKC
REGMBIZEBLELZ L, ZOHEOZED CIE L
HD%E (F2%FRE) LIZEELCTHL I L,

—719—



CIE % 0 R F R AR 02 2 filihs CIE | Ol &
D 1%IFEHENZ E, ZREDTHFEIIED L,

F 72, CIEMICB U 2 FEMA LR O R EF
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FD YD BFE 2 FIESCTHER S NS
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WIZoWTOEENT v AR ZMHL Z Eick
D, FREENZ BT B EAEIER 3R & IR BRI R
DEETTT 7 A NERD D,
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O, EEORSEM Ay — VIR T4ER
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KEDRFZEDVEEDP SRR SN LB A 7 — )it
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fToTwb, LA LEDD, KU CIREEEE
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e LTHWTBY, FRIERAMREER O T A
REWAT NI R EETNOBERSEME LTH
LAz EICHYTELDEEZOND, T2,
ETFNVICKEARy 7 A% EZE L2 LT,

LB L TY ==t ZQVNS W=, Kb
FECTHEm T AR I, EEMITEE LWL
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RFNGBRAET B $ 5 B A RIT OV TR
%o PETM I2BWTC, HBEOHEREHE (5
SRR LUREERBICBT B AWERENE, A S
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AR D ASE DTV B B 22T v LV IR
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AR O 2% R BNE, CIE OBICEKEK
LIRBARDOREFAMAKLDEINEL DI LI
B LTWb, 2bFd, WEE, EEKOKE
FIRARIERE RO L ) DV, 2, miE
ARG TAE S N2 AW IRk T D TR R & 55
ERBLLTCWAERLSTHD, LD - T, CIE
OB OMEZE LDV % 720121, #EROSHE
HIOREGPEIL SN G TER SV, Thb
%, CIE W2 OB A REAEINT 5 L)
KR, REKEEBKDRERMAKLDZEDIVN
B BBV EEDNSOLRNLIRFETH 5,

72720, & PoFEME LT, BENIBTHRE
FIN AR O SREREE 2 TR T 2 K TH 2 liEER
BB B EWEFEZ DD ODOTF A U720k
HDHEZOND, 2L 21E, ARE/E=ABER
ZBWTIE, WERBKEERKDRERVARL
WEEAEFRUEIC R o722 LML T WA,
T, WEHEREICERT 2REEALRZED
B BAEY O KRB AE U2 EENT, #
TR BT 2 R FEFMAR L O SR 2y 2 L2z A
5TH5HEMMEINTWS (Hstt and McKenzie,
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Fig. 3 Variations of (A) upwelling rate and (B) productivities of organic carbon
and carbonate.

We assume that the ratio of production rates of organic matter and calcite is con-

stant. The shaded areas represent the period of light carbon input from methane

hydrate in the model (55.00-54.99 Ma).
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Fig. 4 Variations in the vertical profiles of (A) total inorganic dissolved carbon and

(B) carbon isotopic composition.

The contour intervals are (A) 0.1 (mol/m?®) and (B) 1.0 (%o).
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