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Abstract
Stable isotopic compositions of organic matters have been studied to investigate their sources and formation
processes for various natural samples including meteorites, sediments and biological materials. In particular,
compound-specific isotope analysis is a powerful means to distinguish kinetic and thermodynamic isotope effects
for a series of PAH homologues in meteorite and exhaust samples as well as to clarify geochemical cycles of lipid
biomarkers and their carbon and hydrogen sources associated with different metabolic pathways in sedimentary

and biological samples. The compound-specific multi-isotope analysis will further provide better understanding for

origins and occurrence of organic compounds in natural environments.
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* Stable isotope compositions of organic compounds in extraterrestrial and terrestrial materials.
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Fig. 1. Relationship between bulk carbon isotopic compositions and carbon contents of Antarctic carbonaceous chondrites
with those of non-Antarctic carbonaceous chondrites. Large and small symbols denote for Antarctic (Naraoka et al.,
1997) and non-Antarctic (Kerridge, 1985). Most Antarctic chondrites liec on a trend as shown between the broken
lines, where the 8'*C value becomes larger with increasing carbon contents. Changes in carbon content and 3'*C
value by heating experiment to 800 °C under He-gas flow are shown as arrows.
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Fig. 2. H/C-0"*C diagram for PAHs from a) carbonaceous chondrites and b) automobile exhaust. Filled and open symbols
indicate a “fluoranthene series” and “pyrene series”, respectively. Filled hexagonals indicate PAHs containing 2-rings
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Fig. 3. 9"°C range of inorganic and organic materials in
various terrestrial samples.
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Fig. 4. 51°C distribution of individual long-chain a) n-fatty acids and b) n-alkanes in riverine (OR3), bay (OB2),
coastal (SOB 2) and open marine (SR65 to SR72) sediments in Sanriku area to west Pacific ocean.
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Fig. 5. 013C-6D distribution of bulk, fatty acids and
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deep-sea hydrothermal vents of the western north
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7. Zhp 5 DR S ORGLIA LR

HHIZHFE L& 912, AMILEWIZRETE
b LT, KK, BE RE A Fveiy
MEAICL DI AAT, MOHTESF S M -
WAEEZ DD ENTE L, SlRICA-T, Ak
WoKFEEEFRO CSIA 1IN 7% ) — I fTb i
L&) %o TELD, BRFEELEAF VD CSIA IF
TEAEHREIN TRV, &I, BBREAF
X ZERAMAAE 3 OL S o720 (10/70/°0;
*SHSSS), ERAKAE L 72 [FALAR 53 Bl (Mass-
Dependent Fractionation of isotopes, MDF) % /X 3
Ba L, HEIKE L R wRAAARS R (B 2IRK
ALK 455!, Non-Mass-Dependent Fractionation,
NMDF Z 721% Mass-Independent Fractionation, MIF)
ERTEEDND B, BEIFKA L v TH RN
HGRNBTEDITRILZDITTIERL, E=
% Rk L7 BR F AL A4 45 5l (Anomalous Isotope
Fractionation, AIF) T& U, HIKFLEHED D AIF O
FEH L ZOILERE X 51 = R JFERFE ST —<
Thb, BIEDEZAH, A F7IZLT, WRERE
AR O TV F IV AN AR VERICE B ST W S5
(Cooper et al., 1997), FEHEIZBWTDH AIF O3
TR TH S,

F 72, ALERUBIZ BT B FAER) R % SR 7

-100p—————— e

_150:_ Cieu :\

0
o
o
P
GO
1

-250F ]
-300F ]

-350F

3D (%o, relative to SMOW)
e

A
o
o
e
b
|

T
(@]
S
1

-450F

-500L

-40 -30 -20 -10 0
8'3C (%o, relative to PDB)

Fig. 6. 5'*C-0D distribution of fatty acids from a microbial
mat at the Naruko hot spring.



FHHEME L& TN AL EW ORI B AT

L, BRAOFERILEY ORI - 285 H T
LH720020%, 5 THNIEALKLE (Site-specific isotope
analysis) S NIZT 2 LEDND 5, ALFEE
REERIUBIZBIT 2 HUSFEERE, OwnwTidgg e
LTI EMHRED L) LT TER LD
PERGEHT 5 LT THNRMNARIIEZETH S,

E 51T, N F V= — T L ORI
= HERBRIE IS 5 720121%, BREELIOSE
5 WA E FIRARERS ED L) IO W
TWVBEPRIZOWTHHH LTI RS v, £
DIz OVIIHEA BRGNP IAFET 2 W DR
MR E2BE i d A 4012, fix RGP To
BESLELE L D,

NS ERILEORMELE XYV vE
T, IEMEIZENGE$ 2 AL ERE AL 2 & iflE
i b & SIHET L TR D 5,

WO

COZWIEE 10 FIAME 2 W22 x, SRb
AR E 2L, ERoTnE T, AR
DT TRPT o TE AR O RAMAR I
ez kY Lo TE LD b DT, k&> %
HoTWwZaWwEELLN T L7726 H L% < Hwn
9. AEGORTIIHEY 2 M 2 FALAGH
Bz LT, FH MRS AR L) R
CHp$ 22 FRELTHIEZTToTEE L
720 TNETITI/E N2 WGHEAE, —MICHE
Fox LTz, REMREEOE S AL L
BT LAVAR DR S s

51 A3k

Chikaraishi Y. and Naraoka H. (2001) Organic
hydrogen-carbon isotope signatures of terrestrial
higher plants during biosynthesis for distinctive
photosynthetic pathways. Geochem. J., 35, 451-458.

Chikaraishi Y. and Naraoka H. (2007) 6"°C and 6D
relationships among three n-alkyl compound
classes (n-alkanoic acid, n-alkane and n-alkanol) of
terrestrial higher plants. Org. Geochem., 38, 198-215.

Cooper G. W., Thiemens M. H., Jackson T. L. and
Chang S. (1997) Sulfur and hydrogen isotope

anomalies in meteoritic sulfonic acids. Science, 277,
1072-1074.

Deines P. (1980) The isotopic composition of reduced
organic carbon. In Handbook of Environmental
Isotope Geochemistry Vol. 1 (eds. Fritz P. and Fontes
J. C.) 329-406, Elsevier, Amsterdam.

Des Marais D. J. and Moore J. G. (1984) Carbon and
its isotopes in mid-oceanic basaltic glasses. Earth
Planet. Sci. Lett., 69, 43-57.

Engel M. H., Macko S A. and Silfer J. A. (1990) Carbon
isotope composition of individual amino acids in the
Murchison meteorite. Nature, 348, 47.

Galimov E. M. (1985) The biological fractionation of
isotopes. Academic Press. London, 261 pp.

Hoefs J. (1997) Stable isotope geochemistry 4th Ed.
Springer, Berlin, 201 pp.

Kerridge J. F. (1985) Carbon, hydrogen and nitrogen
in carbonaceous chondrites: Abundances and
isotopic compositions in bulk samples. Geochim.
Cosmochim. Acta, 49, 1707-1714.

Khotimchenko S. V. (1993) Fatty acids and polar lipids
of sea-grasses from the sea of Japan. Phytochemistry,
33,369-372.

Killops S. and Killops V. (2005) Introduction to organic
geochemistry, 2nd Ed. Blackwell Pub. Oxford. 393 pp.

FELRE 1 (2004) A B O FALAAL AL, HER
LR 4, FHHEHERIL, pp. 201-231, B5JafH.

R % (2007) RFZEOFAMARMEEL, &FEOF
g, pp.48-60, HIRAEIS.

ZRELGE U, INHEER, ALY, AERE (1997)
A7 Tx 7T 7B E FAAR = AT
RO T L~V o FRIAR LI E
EHERILFA~ OIS, HERLAE, 31, 193-210.

B, B deid, WREE AR (2001) FE—
HEPER A BT B I D %58 B R R AR AL
&g, BAMEEALA L BTRESE /5 hh
No. 25, 210-215.

Naraoka H. (2003) 6"°C and 6D evidence for two series
of PAH formation in the natural environments.
Geochim. Cosmochim. Acta, 67, A331.

Naraoka H. (2010) Characteristics of organic matter
in carbonaceous chondrites with relevance to its

occurrence on asteroids. ASP Conf. Ser. in press.



Naraoka H. and Ishiwatari R. (1999) Carbon isotopic
compositions of individual long-chain n-fatty acids
and n-alkanes in sediments from river to bay and
open ocean: Multiple origins for their occurrence.
Geochem. J., 33, 215-235.

Naraoka H. and Ishiwatari R. (2000) Molecular and
isotopic abundances of long-chain n-fatty acids in
open marine sediments of the western north Pacific.
Chem. Geol., 165, 23-36.

Naraoka H., Shimoyama A. and Harada K. (2000)
Isotopic evidence from an Antarctic carbonaceous
chondrite for two reaction pathways of extraterrestrial
PAH formation. Earth Planet. Sci. Lett., 184, 1-7.

Naraoka H., Ohtake M., Maruyama S. and Ohmoto H.
(1996) Non-biogenic graphite in 3.8 Ga metamorphic
rocks from Isua district. Greenland, Chem. Geol.,
133, 251-260.

Naraoka H., Shimoyama A., Matsubaya O. and
Harada,K. (1997) Carbon isotopic compositions of
Antarctic carbonaceous chondrites with relevance
to the alteration and existence of organic matter.
Geochem. J., 31, 155-168.

Naraoka H., Mita H., Komiya M., Yoneda S., Kojima
H. and Shimoyama A. (2004) A chemical sequence
of macromolecular organic matter in the CM
chondrites. Meteoritics Planet. Sci., 39, 401-406.

Naraoka H., Naito T., Yamanaka T., Tsunogai U. and
Fujikura K. (2008) A multi-isotope study of deep-sea
mussels at three different hydrothermal vent sites in
the northwestern Pacific. Chem. Geol. 255, 25-32.

Naraoka H., Uehara T., Hanada S. and Kakegawa T.
(2010) 5"C-6D distribution of lipid biomarkers in a
bacterial mat from a hot spring in Miyagi Prefecture,
NE Japan. Org. Geochem., 41, 398-403.

Oba Y. and Naraoka H. (2003) A different behavior
of hydrogen isotope exchange between two PAH

isomers (fluoranthene and pyrene). Res. Org.
Geochem., 18, 29-35.

Oba Y. and Naraoka H. (2006) Carbon isotopic
composition of acetic acid generated by hydrous
pyrolysis of macromolecular organic matter from the
Murchison meteorite. Meteoritics Planet. Sci., 41,
1175-1181.

Okuda T., Takada H. and Naraoka H. (2003)
Thermodynamic behavior of stable carbon isotopic
compositions of individual polycyclic aromatic
hydrocarbons derived from automobiles. Polycyclic
Aromatic Compound. 23, 219-236.

Rosing T. M. (1999) “C-depleted carbon microparticles
in > 3700-Ma sea-floor sedimentary rocks from west
Greenland. Science, 283, 674-676.

HH 3 - AT (1996) Z25E AR HERTLAE,
403 pp. FHARAE IS,

Schidlowski M. (1988) A 3,800-million-year isotopic
record of life from carbon in sedimentary rocks.
Nature, 333, 313-318.

Shimoyama A., Ponnamperuma C. and Yanai K. (1979)
Amino acids in the Yamato carbonaceous chondrite
from Anterctica. Nature, 282, 394-396.

Ueno Y., Yurimoto H., Yoshioka H., Komiya T. and
Maruyama S. (2002) Ion microprobe analysis
of graphite from ca. 3.8 Ga metasediments, Isua
supercrustal belt, West Greenland: Relationship
between metamorphism and carbon isotopic
composition. Geochim. Cosmochim. Acta, 66, 1257-
1268.

Welch J. W. and Burlingame A. L. (1973) Very long-
chain fatty acids in yeast. J. Bacteriol. 115, 464-466.

Yuen G., Blair N., DesMarais D. J. and Chang S. (1984)
Carbon isotope composition of low molecular weight
hydrocarbons and monocarboxylic acids from
Murchison meteorite. Nature, 307, 252-254.





