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Abstract. Methane-derived carbonate rocks can be found seven localities in Hokkaido, and represent
good examples of carbonate rocks produced by cold-seepage. These carbonate rocks, Albian to
Holocene age, contain fossil chemosynthetic biological communities. The special emphasis of this
study is placed on the assemblage of biomarkers which indicate methane-oxidizing Archaea. Typical
compounds include isoprenoid-based lipids, crocetane and PME from Archaea, and monomethyl
branched carbon skeletons assigned to sulfate-reducing bacteria, consistent with syntrophic
relationships in the anaerobic oxidation of methane (AOM) in all samples. These Archaeal biomarkers
were strongly “C-depleted, which indicates that anaerobic oxidation of methane had occurred during
carbonate precipitation. Biomarker analysis indicate that AOM in the age of Albian was performed
by Archaea affiliated with the so called ANME-1 group, which characterized the presence of crocetane
and PME, and the AOM from the age earlier than Cenomanian were performed by the mixture of
ANME-2 group Archaea which characterized the presence of C-biphytanes and isoprenoid ketones,
and ANME-1. Therefore, the assemblage of methane oxidizing Arhaea seems to be evolving between
Upper Albian and Cenomanian. The massive expansion of ANME-2, which is strictly anaerobic
Aarchaea, may have been occurred at the Mid Cretaceous Oceanic Anoxic Event (OAE1d).

Keywords: anaerobic oxidation of methane, biomarker, chemosynthetic biological community, cold-
seep carbonate, methane-oxidizing Archaea
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Fig. 1. The structure of biomarker.
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Fig. 2. The locality map showing the sampling position of cold-
seep carbonate in Hokkaido.
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Table 1. Occurrence and isotopic compositions of methane-related biomarkers and dominant bivales from cold-seep carbonate collected

from Hokkaido.
Sample Age Dominant species  Free hydrocarbon Cyo-biphytane Isoprenoid ketone
in carbonate rocks ante-Css n-Ca Pristane  Crocetane @ PME Squalane H-H 1-R 2R Cia Cig
| I} U} v Vv Vi A Vil 1IX X XI
Wakkanai oki  Holocene Conchocele T T v |} > * T v v v | ] ]
-28.6 -104.8 109.2 -120.0 -127.0 -119.9 -62.3
Morai Miocene Calyptogena v v v T < v T | | v v T v
Abeshinaigawa Coniacian ~ Santonian Miltha T T v [ | = n v T T n v |
-129.1 128.7 -99.0 105.3
Kanajirizawa Lower ~ Middle Cenomanian Miltha v v v | = n v T T n n | |
-113.7 -93.9 124.7 -125.8 -113.9 -120.9 113.1 -103.5
Shikorozawa Upper Albian not determined v v v [ ] > * v T n n n n
=721 -86.8 115.6 118.4 -107.4
Utagoshizawa  Upper Albian not determined v v v n > * v T n n n n
-100.8 -99.2 -121.7 119.9 -103.1 -105.6
Ponbetsugawa  Base of Upper Albian Thracia v v v n > * T T n n n n
-74.8 -81.7 -124.1 -119.1 -84.0 -106.5
ANME-1 @) O X X X X X
ANME-2 X @) @) @] @) o o

M=high abundance, 4 = moderate, ¥= low abundance, T= trace, n = not present. The structures of each compound are illustrated in Fig.1. @ indicates the quantities comparatively between crocetane and PME.
Numbers denote 8'°C values of each compound. No entry indicates not analysed. O and X indicate present or absent in ANME-1 and ANME-2 group methanogens.

B=FRE & = PiRE, V={ERE, T= %8, n = KR FLEVOMEIFig. 1ITRLE. @ 3H/0€5V EPMEQRBLLERTY.
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ThINARNuT T (BK) WREZNZ 2 FREFERL T
RALAKFZEE L, BOLVY B AN G LI a<w NI 5T 4 —
X o TRILKERZRERL, STV, ZO0HrElE
X Theil eral. (2001) ZHEL7ZbDTHS.
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WL, 300EFLL. £, EBIRMA DM T,
ThermoQues #8 Delta-Plus (Z HP #:54 6800GC % H Y f+
VR A N iz,

THTHER

IR IRER IS DA A~ — I — DT & & R R
ICEEND FE A L3Rk LR Lz, (8B R FEFAL
RS SN AL EWIc > TIL, SBClEZE R LTz, iz,
A B ARG ANME-1 7 v —7, ANME-2 7 /v—7
IZOWT, ENA AN —BFOFEEEZOX TRLT.
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PME (V) &7 vtx v (IV) B shiz. THHKE
S DFREHZOWTIXPME (V) 12k vt & > (IV)
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(IV) L PME (V) =28, XEMRMtamTdhs. 7
ntZ (IV) EPME (V) O®MiZ, 77003
REHZOWT, 7wty (IV) IEIPME (V) ICH~Z
BlCEEND., 2L T, ERRETXYFA)ID
AR RE TIEmHEITIRIEE L <, HEAMORET
X7 mt&y (IV) EPME (V) KERZEICEEND.
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AL RS L HE L TAZ VELE{T o TV DR
BRIZTCHE DA A~ — N —TdH % anteiso-Cy; (I) 122N
TiE, BAoEToRcERL TEERRO L. 7
YR& v (IID, n-Cy AD, BIVFRZTF > (VD) |
ODNWTIEHEFEDOENTD 2R TORE» LRI
. ThoofbEdWix, IR L e/ ®EOELITR
Lo Tz,

IHTRER DR T B IREBHE DR K DFFIE, Cu-E7 4
v (VII~IX) EA Y TV /A K7 b v (XBLOXD 23,
RN, HBGR, a3 wiRO 7T UIBTEAKREEE 3
FEHIZ DWW CRINS 5 Z &, &HIR, 7TV A1, 23k,
MNP DT /) ~ =7 VPO WmEKRIEE S 2 5 1F, il
SN2 ETHD. Cpr ET7 42y (VII~IX) &4 VT
VAR Yy XBILUXD 1220 THEL <EUVE

-
(&



IIE K R BRI TR (38 VT 2L 7 iR EE DAL

B R RN S DD, HERHEEI D Ce- 1 Y 7
LA KTy (XD ORD, -62.3%0 & FEXTHYIZ B ME
R LTz,

BE

KT 2T o THABHZONT, 7t F v (IV)
EPME (V) BaeToRE»r SRSzl trd, 4
TOFRBHT A & AR ME ANME-1 7V — 7 "&£
TWictEBEz bbb, Fi, FL BWRERAAMHRZ
FoCy-E7 45y (VII~NIX) EA4Y TV /A KRy
XBLOXD 2, &/ ~=7 VUBICER S i8R,
TRUF AN, Bk X OHENT O miE KRB S 0> D
MHEhZZ2iE, ZHHICANME2 /v — 70 EEh
TN Z EEFENRTD. 2 LT, A1, B,
VanROTIINET UETEKREEERS 3 EHIC OV T Cy-
v o4y (VII~NIX) EAY TV /A4 Kby XBX
OXD) BRIN$5Z L5, ANME-2 7 /Vv—713&Eh
TWhadrol, TOXHICTNVET VD 3 DOEEKR
FRYEE TS TIX, A & U AERGE IR ANME-1 7 v—7
DHINEFL, &/ ~=7 VEEOMIFEKRBEICOWT
X, ANME-1& ANME-2D =D 7 )L—TF D A % R
HHIE MR A 7 UEBICEE L TWie Z &3 65
Iz o7z,

S HIC 53 A3 D B KR RIS DA F~— T —
SIHTIE, WEAKIRERIE O BB IR <AThhvTWn 5.
Peckmann et al. (1999a) 1%, /7 7 > A Beauvoisin ® ¥ =
7t (Oxfordian) DO FEL DT OFER, PME (V) & Cy-
744y (VII~IX) ZRELER, Z7res s (IV)
DRIMEHE LT, TOX Y 2 THROEGEHEKREEE
R TiX, ANME-102OFREINHE SNk, Zhic
*U T, AHARLBRICTERR S T2 TRk R B A T DWW T
DHWE, ERET > > b I Wyiskey Creek (ha7i)
(Goedert et al., 2003), 7 > k v Lincoln Creek (T
i) (Rigby and Goedert, 1996), 4t # U 7 Marmorito (H
Hit) (Peckmann et al., 1999a), 4 A 7 T)VBe’ eri (i)
(Burhan et al, 2002) 72 ERHITHNDD, WTNDEHTE
KIREESE S DA A~ —D—BH RN THL 7 ek 4 v
(IV), PME (V) BXUCp-tT7 4% (VII~IX) 2
SN TWE, ZhIZ k> THTEALLIES TO®BEKR
BRI I 2 BV TiE, ANME-17/v— 7 & ANME-2 7
N—T DT OIEEBHEESIND.

AWIED FHTHREFR & ST — % 2B bR TELRT D &,
TR R R TE B I BT DR A 7 VERLICEE G L
THMEE, TAET LD LW TIZANME-1 7
N—=TOHDBIEHL, &/ ~=7 LHEIZANME-1 &
ANME-2 7' )V — F i OIEB 2T IR 23> Tz,

A Z A O PASS 0 i R B O BIFSE b IR DO A 3
&N TW 5. Kuypers et al. (2001) 1%, ®i#i7 v v
TUORBHEAND, FFEEO LT —F A2 M
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(Crenarchaeota) HHlE D= —F VIEE #MH L, B
BlIF2 7 Lo 7 —%4 2P fliE 04346 5 60Ma O W I
W E% (OAElb: Albianf F#8) IZBWTILKL 7z &
FEIRAHT TV AL BRSBTS T A AT 0O HEEE S
REED, 7TTFT U FE (OAEla), FE7TALET v
R FES (OAElD), E#7AE7T v Rl (OAEle), LEB
TAET Uk (OAEWd), €/ ~=7 v,/ Fa—u=
7B (OAE2) ®525T&H 5 (Erbacher and Thurow,
1997). ABIZE TSI LTe A Z v R R D BEAE R
ROZEIE, EETAET Y ERPLE ) =T Vi FEB
DETHELTWS., 7L v T —x4 %M EHlE 2 OAELD
THEAEZIERLEZLES I, TAET ViR EHTAELUE
HEPE AR AR (OAELd) 12 ANME-2 7 /v— 7 4E R
WM AR L7 &35 & A & AR B R R D 2
b9 F<HMATE S, MXBERMED X & A Bkl i
ANME-2 7 )V— T & - T, WEERERE 542 13 E B
KOWIFORIELI TholztEZbNS. 2L, AR
FeHP I 5 B4 U7 iV E RS F A D 5 B, Z2RE OAELd
ICBWTANME-2 7 /v — 7 DOIERISEIRAIICE U e Db
LSHBOWMERETHS.
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