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Abstract: We obtained a continuous 45 m-long core from the Miocene sedimentary sequence and basement
Cretaceous granite at Kanamaru, northeast Japan. The Miocene sequence intercalates with a uranium-rich seam (U
= 25-100 ppm; Th = 23-42 ppm). We analyzed the kerogen and biomarkers in the core to characterize the organic
matter.

Visual kerogen analysis indicated that coaly and woody kerogen is abundant in relatively organic-rich samples,
while amorphous kerogen is abundant in organic-lean samples. Pyrolysis gas chromatography-mass spectrometry
demonstrated that the organic matter in pyrolysates comprises mainly alkyl-aromatic hydrocarbons (alkyl-benzenes,
alkyl-indenes, alkyl-naphthalenes, etc.) and n-alkanes. Acyclic isoprenoid alkanes (mainly pristane), n-alkenes,
and n-fatty acids were detected as minor components. Most of these compounds are characteristic of the type-
IIT kerogen that derived from terrestrial higher plants. These results suggest that amorphous kerogen originated
from terrestrial higher plants, and we speculate that they were heavily degraded by oxidation and lost their woody
texture.

Thermal alteration index (TAI) of Pinus pollen was about 2.6, and Tmax values of Rock-Eval pyrolysis range
from 441°C to 444°C, which indicate that the thermal maturation of the coaly shale reached the stage of early
catagenesis. This maturity was also suggested by high abundance of diagenetically generated isomers of hopanes in
pyrolysates.

In the sediment sequence, a peak of uranium and uranium/thorium ratio is ca. 2 m shallower than the peak of
organic carbon content, but it corresponds to a lithological boundary. This inconsistency suggests that organic
matter was not involved in concentrating uranium. Uranium was possibly concentrated from groundwater at the
lithological boundaries between different redox levels during the period of high groundwater level.

Keywords: uranium, organic matter, biomarker, organic geochemistry, Niigata, Yamagata, Kanamaru, Miocene
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444CTH 7. Thoh o, RRORKESYI 5 2
Vrh Y AHBRREICE LR E NS 7, B
SRR, RSV OBEPAD S B, EAEH IS
EDERTIZEMAEN LN DB Y, AV XY
2B RE OSSR E R R S .

HHPFZ BT, v VigEEY S Y bUDAlL
DY — 27 I ZEHE RSB L T 528, AR ERY —
27XDE 24— PLEN., ZOABKEY -2 LY 5
VIBEE - BN B LI Enh, MR Y S
BB LT anWZ R S, R AR
D - 72U, BRI BV TR LEICEN D
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1. EU®IC

TR FEZEY O M RE LSy 12 5 1) B S HBE TE O BT &
19 BT, HEhOEEMD, W0 RAaEIcxL
EDXIBWBEL5 25D EMENITT BT LB
HThd., BEMEEOH FARBITY T ) AIZHNWT,
BB OTAENN) 7 & LTEHS WML S D, Zh
AT 2 Z LB MIETH S, KRAROHERMEY 7 i
RO SEE P E R S H 2R L2 FE L5
T35 (Landais, 1996; Spirakis, 1996; Wood, 1996 7
E). ZOFROBANZBT 2078 R IE, HEhOH
Wyno N 7 & U TORKRENEZGHE§ % 5 2T, Ru
ZEHRIZED S 5.

—J7, FEBMEICED, RRTOY 7 v OWRER
HE& UTid, ABWIC X2 IEEMNEI, MEMIZX
238TC, WMEEITT/ N7 7V 74K T AL ARRIZ &
%I, S, WAEO 5D OEEMELE L 5T
2% (Nakashima, 1992). Z 5 D G E 12
IR L T 3. T & 2 &3S0 T T RIeHE
JERREVWEIRDS, ZTHICHLT, X5k
AP E OIS SR AN & < Ae R fE FH % B R ok
BREAZEOEM T CHENTHI EEZ LN IG5
IR RRIRE R CEIT T2 e E A 6T 5.

1980 f-fRicfrbh 7z 7 v & iR O KBS T,
45~250 C DIKIRIR T 7 = LG4 & ¥ BREHEY & §4
REEK L, St (120~400C) TELE O
v VALY (uraninite 7 &) 123%IC & 17z (Nakashima
et al, 1984). ZDw 7 ViRILEIENHEITT B I2FEN,
KEEHEAWAD L, AR (v ETLFE L)
PEEIU, M C-H &E5& 230k U7z, KEgHER A L
A ZNEEANOEIR S 5 RIEBRILIRTH D, F 72
Wil IR FRHD KRS & BILIE TH 5. Z DA
VORI KD/ ONZZEILIIZED v 7 VBt
BILAHEIT T 5 & T 2 IRE R 7z (Nakashima et
al., 1984).

ZO k3, AKX 5 VIEEIE, AED
DOEBERENEG L TWB3DT, HEEEYOM T Kh
Y 7 v OERES %G 4 5 729121, HERHTE O
ERIEOHE RAMB Z AV ETH 5. A
&3y 5 VERIZMEERIZE OB NS A, AR
WRIZE K AES N B 2T BRI O & BT HAM IS
RAET 5. HERMEY 7 VIZHRIZHES 2 &AL 0,
MR ERIREOEFE LM rav v EFEEKELT
¥ (Tissot and Welte, 1984), $HEEEETI N E. &
BEECZLOI Yo« v d TRk 3 MkEIC
KBERTMAruY v &L GLEREIZRAN
V7 E L TORIAENMICENZ EBnTRENS.
FuY oz OEREIAERAKOBERICEONEAD LT
WL DT, APHHREEO/NE LG ERES S
WRBR T 0V 2 v EEA RN 7 ELTREIN
BWIZERTPREINhD. ThAbbRMK THBEK R R
D PERE (MRS ZDE 5 & MR RN
7 & UL TCOMMERATIIEIRE A S > L &<, Thb
DEENIbN B L L 123 7 & LTOREINIZEL
KoTWw &ylEEh5.,

AT, HWUEBREIIC B B RGO 7 o
ZIFEELTOY T v OREEREHF IOV TR
BEMICEBELE R3O Y 5 v EER & FHET 5
—BRLE LT, ruy syl EICBET 5 HR S
U7z, BRI, sl - IR ERES Y 7 Vi
IRICIXIZ 351 5 i SR Irh O & 7 v RHERE
IZOoWT, ABRERIE, EVa7irud s vk
IZkBruavc ViER, Oy 2 INLGHNC K B HUK
EOWE, BOYRAZra~ 7T TERSIICL S
ruv .z OREESNETY, U7 VIRE AR
A TOBBRKORBIZEITZ2 YT VIREA =X L%
BEt L 7=,

2. ARV HE

21 ¥

K92 CTIE, Sekieral (2007) 12k > THE XA T
5 EAMIX D Higio Br3-3 fiHIIF IS f51) 5, HE 0.96m
76 20.85m XD 7 A MR & LT, %>
7= (55 1). Br3-3Fid, £, 5 023m £ THE
+, 0.23-2.69m O [X [ 43 2 §fEHER, 2.69-21.90m D
XA HE D2 HE, 21.90-45.00m DX [ A 4 #R
DIEE» 6% % (F2X). EhifEiE, 2.69-10.50m
DX AR T D AR, 10.50-10.52m O [X [ A e
f, 10.52-21.90m DX AR 7 L 2 — 2 WA 5
%%, WE0.96m A 5 43.05m DX 5, KD02 75
KD24 O 23 ik Bt &2 RELL, WML 7=Db, kL 7.
77 v O (20 ppm PLE) OA S NS EEHE KDO8
(10.3m ), KD09 (11.2m %), KDI11 (11.9m %),
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KD12 (12.64m) Th 5 (58 3 X ; Seki et al., 2007).

22 Oy INIVAh

Ty 7 TN, KD02 (0.96m ¥E) 45 KD13
(12.87m %) O 12 ®kHZ O\, AMWEFEHERE (BR)
FethiffiZe o> VINCI #E ({4) #wa vy 2z 6 5% H
WTirbh 7z, BHIERLKWHIZ BT, 300CT
3oyEEMmMER S, ZDK%IZ, B 25C T650C %
THRMEE 7z, EMRMEP T84 U 227 g R LK
F#% S1 (mgHC/gRock), FmMFEIZLD ruay = vh

5 DR TER L 72k KFE % S2 (mgHC/gRock),
300 CEMRMEA~30C ETIZruy «» vV OEGIRIZ X
DARE L 72 "B LR FE % S3 (mgCO2/gRock) & L 7z.
F7z, ruP Y OBGRIC K B IRICKEER RS
WAL T B INEGEE (S2 DY — 2 RTH L /& 5 1E)
% Tmax (C) & U7z (Espitalié et al, 1977).

S2 MU' S3 L IR FE L DILAE & D RFHERE (H.L:
mgHC/gTOC) & IEZAEIE (0.1.: mgCO2/gTOC) % Kb 7=,
FEAEERORHZ 13 AL TFP 645D TFP160000 (S2=12.43mgHC/
gRock, S3=0.79mgCO2/gRock, Tmax=416"C) ZffiffiL
7z.

23 ETa7ihaOd o

EY a7 raY s o, KD02 (0.96m %)
765 KD17 (20.85 #) @ 16 sAEHZD W, i (1986)
IZ&K o TURENTOBSTHEIEN, ) /=T A
(BR) Ic&koirbhiz. B AERLRE, 7 o LKEE
WP =%, PR (30l : Darban 4) U, EHIK
riE (BAbHGAEW : thE 2.2) AfTw, ruvoy
EREL, 294 FEER L2 ruy v ofikig,
=T 4y R4V NI E—=I2kD, [TED
WA e CERL, WMEoOhLEHIZELTr o
U VEHBIL,FHE (250 KA VM) L7z @ (TAD
1%, pinus AERDOIROGHTEWET S Z 212Kk DES
nr-.

24 BHAMARIOTNTST 4 —SEMN
By 2oa~w b2 57 4 —ERESHE, KD02
(0.96m %) #» 5 KD12 (12.64m &) @ 11 #kHZ 20
C, Yamamoto er al. (2001) DOHFFEIZHE, HAGHT
TEALB JHP-3 B F 2 — ) —RA v oS4 a4 HF—
tba—Ly b8y — FHBEIGI7T3MH 270~ b
77 78eiidg s HWTirbhz, a2 -1 —FKA
VoS T T4 — OEMHTEGT R 590C (20 7
M), WHEIRE 400CTHh 7. HAruav o35
7 - BEINETORFIUTOMY Th -7z, h I 4L
s L%y 7 118 CP-Sil5CB Y (30m £, 0.25mm PIE,
0.25um fE) F v I3V —HFJF4L, FxIVTHA A
U (Iml /453), AP A7) » b LA, EA
SBMRIE :300C, A — T VIRIE T a5 £4:50C (1 47[),
50~300C D 4°C /4y TH-IE, 310C (30 43[E), A
* ALEIE : 70eV, 4 A4 VBl m/z 50~650 (17
M 1.27 2% v V). HEREPIEORE (B 10mg) % 590°C
M s4 ak 40 (Ni-CoA4) Lizi#id, 5% TMAH
(tetramethylammonium hydroxide) * % / — JLVAE % &kt
PVE SR ISRINL 72, SIS IEUE L& & L C n-
JFFH v (01g/L) % 20ml AL 72, Bk L,
WBHCRE A E ¢, 287 —LaxBRELE KRB
IS4 TR A IIZEAEICER, 754 0T 4 F— DRk
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Fig.3  Uranium and thorium concentrations, total organic carbon content and visual kerogen composition in Hole Br3-3.
Data on uranium and thorium concentrations are from Seki et al. (2007).

BICEE L7z, SEEICE D34 gk 4 L% 590C T
20 MEINEAL, GC/MS F3tr & Fda L 7=, GC/MS F3
ICEDBEENEEEARY L EREBRERIZOWT,
EEHEYIVE R SOk T — 2 L i 5 2 &2k, LA
%[ L7z,

3. BR

31 Oy 7 INIVARER

ST 1Z250BHY 0.03mgHC/gRock AT &4 720y (551
7). S213 KD11 & KD12 ® A 2mgHC/gRock %t % 5
VA AT 28, AEVRHE 0.3mgHC/gRock LT &K
6% /Rd. HI-OI (KFREE-MBEFEL) Mickdra
Vv a4 TEFMT S E, KD11 & KD12 i Ek A #
A7 & M OBRAHEI MY 2, 138 A LD
Bl 4 4 7 AV ORI 3% (3 41X). KDI1
& KD12 IS OB OB 5 KO8 S2 1K<, 2D
KO BGE, A~ N v 2 2 & B RAEKEDOWNFE
IRPKEL, S2RBRELRILAERLD /N %
lEiZR L, ARG X5 (Bspitalié et al,
1980). &7z, FIRHC, ARKFEN DAV EBRE
Bl kz< a5MHmAH 5 (Katz, 1983). L72»H 5T,
KD11 & KD12 S OiR D, v v 7 28 L FEIC &

D84 A TIX G OFEEIKO e Eh 5.

KD11 & KD12 Bt Tmax i 1% 441°C-444C T H
5 (1K), KEOILHEE ~Frsm 4 2 HRIZ
7% Tmax &€ U F A FREROBEFRA R - 05
i, 1986) #F\T, ¥ VI A4 bERIZHMET S
L, R057%IZED, H AT 2t MR O PR E
Y. BOREHE S2 ¥ — o /& <, FRE & Tmax
fifi (Peters, 1986) 255N h 57z,

32 ETvarwiyOd ik

KD02 & KDO3 ilkHE, KB ruv v EAREET
Uy yOMAIZEL E3IX). KEFuy = vid
RO G DEFK/RE T B, KD0O3~KD06 ik, KD09
~KD13 it kHE, KEruvzvicgd (B3K).
KD03~KD06 ik BtOKRE 7 v ¥ = VIidMikio & 0 %
&L, KDO9~KDI13 ik BOAKRE r 0 ¥ = VIiZHk D
L DAL, KDO7 & KDO8 ik}, KD14~KD17 sk,
REBray « vicgs (65 3[X).

1A IE KD13 iRk & D AR &, G (TAI)
326 &R L7z (BB1%K). TAIA261E, E LY FA
M RS T 0.53% 1Sk L (W6IE, 1986), 74 Y x
F ¥ Z AT DRSS %R
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Table 1

WEFAMTHRE 20104 561%& 259/10%

)Y AR ARRER, v IR, Oy o TONVEGMRINT A — 4 —

Concentrations of uranium and thorium, total organic carbon content, maceral composition and Rock-Eval parameters
in samples from Hole Br3-3

Sample Depth  Th U TOC W&C H A S1 S2 S3  Tmax
name m ppm  ppm % % % % TAI mg/g mg/g mg/g °C
KDO02 0.96 18.14 6.77  0.16 49 2 48 0.01 0.09 1.28

KDO03 1.93 21.44 574 0.16 61 0 38 0.00 0.01 0.36

KD04 237 2183 1622 0.16 92 1 6 0.00 0.00 0.23

KDO05 2.54 12,02 1932 0.06 78 220 0.00 0.00 0.20

KDO06 297 298 6.32  0.02 68 3 28 0.00 0.01 0.11

KDO07 8.97 4.83 248  0.05 13 1 84 0.00 0.04 0.11

KD08  10.30 22.62 103.28 0.12 18 76 0.00 0.04 0.11

KDO09 11.21 30.16 3090 0.44 80 0 18 0.00 0.21 0.14

KD10 1147 10.54 6.28  0.07 41 30 29 0.00 0.03 0.08

KDI11  11.90 3620 49.84 3.10 81 19 0 0.03 347 030 441
KD12  12.64 42.03 25.09 2.60 80 9 10 0.02 250 027 444
KD13  12.87 9.25 5.14  0.66 89 10 0 26 0.01 027 0.15

KD14 13.97 17.08 8.85 <0.05 6 2 92

KD15 1532 18.57 495 <0.05 3 5 92

KD16 17.02 19.69 13.63 <0.05 10 5 84

KD17 20.85 17.36 451 <0.05 4 0 95

KD18 21.98 23.05 5.09 <0.05

KD19 2297 15.65 6.72 <0.05

KD20 23.97 18.92 4.44 <0.05

KD21 27.30 16.62 3.37 <0.05

KD22 37.65 23.43 498 <0.05

KD23 40.02 1541 3.65 <0.05

KD24 43.05 14.24 3.21 <0.05

Kerogen types; W&C=Woody & Coaly, H=Herbaceous, A=Amorphous.

33 ENEERY

KB ruay = IZED

RO & & LT KDI2 i

B (1264m ) OHF A r7u~ NI LEFS5XEE6
R g. fi4 LA ORERSREFE 1 RISRT.
KD11 iAkH& KD12 ikt &, 1EIERME AR 7 o~ b7 5
L %R L7z KD12 iR By i 2 i 7 v S L 5%

FRRALKFKE n- 7 v ETERE L, $HIRA Y T L
JARTILAY, n-TIAT YV, kA4 VT LI A4 KT
v, - ERREES . 7L R FRBALKERE,
TFTILELRVE Y, TLFLALA VTV, TLFELYE
FaA4 vFy, 7LELFT7E2LY (L TILE
LTV YV) ok, ZThbsDEIZEEMY
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Fig.4  Hydrogen Index-Oxygen Index (H.I.-O.1.) diagram.

DOMHHRICHSkEdT 2 &£ 2 55 (van de Meent et al.,
1980 £ ). n- 7L A1 ViE Cio 2 6 Cay DR IR AT 5,
WEMBUR ZBEN AR S 2w GBTX). 20k
S e S 2 — TR U 2B b S SR n- 7L
B VIR TdH % (Bray and Evans, 1961). $HIKA v
TLIARNTLAYOHRTE, 7007 4 )LDT 4 F
NIEDBAL G RIZHER T2 7 ) 24 Vs L T %
(B 7K). n-NEWIRIE n- 7L VICHANRTHMETH D,

ZORBOBRENENZ LERL TS, 20K
BN v = =BT E SRR e Y 2 v (4
A7 MA) Z2FHDOHEEOEOIHI IS Ron b/l
RE T 5. @Sy THEBIZIENy T TICHRT B
ARV DD SN, INbIF17aH), 218H) 2%
k& 176(H), 2la(H) EMER» S 5D, 17aH), 218
H) BHEESENIZZNT &5, SRRk Eix
AAYx 3y ZHNTHY T2 EHIF X5 (Seifert and
Moldowan, 1980).

AEB a2 gLl o&E LT KD2 il
B (096m %) OHF Z2ra~ 2T L4588 KITRT
KD11 & KD12 KIS OFkHE 3 _ T, Z 0 KD02 il
LIRIFRILZ e~ NI LA BN

KDO2 RO B i AL BT 7 v S L B B kiR ALK
EAhTkET 5. KDIL & KDI2iA K & 1350, n-
T VEOBIRILAY, FXVEOBRIRA Y T L
14 FMbAmEIZEAEEE V. TALXLEFBRIL
KFL, TLFEARVEY, PLELAL VTV, T
FLVCFUAVTFY, TLELFTRELUVENLL L
M, ELIZTLFARVE VDRV ZAFLARY ¥
VENFHRAFARVEYREL A NS (BEM).
2D &5 AR FHRURIZ PR U 72 Bk 5 A H 1= F
W) TH S (van de Meent et al., 1980).

4. 5

4.1 BHHEYOHRKE 8B
Ty 7 TNLANT EAERR @IS (TAD OMiE & &1,

5 KDI2 DEMREH Az aw v I 5 (AL v ruv b2 IL). BEdn- 7TAh Vv OREREERT.

Fig.5  Gas chromatogram (total ion chromatogram) of pyrolysates in sample KD12. Numbers indicate the carbon number of n-alkanes.
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BO6X PARLZKDI2ZDEGHEH A a6 (A4 vyru~v brIL). ©—7OBFEE 2 ZOEYIHIE.

Fig. 6 Enlarged gas chromatogram (total ion chromatogram) of pyrolysates in sample KD12. Numbers indicate the compounds listed in
Table 2.

v YA N T 0.53-0.57 % Hi % D #KEE 27K L A MR OBMR (Suzuki er al, 1993) » 5HHEHET 5
7z, BOMRERPIOMK S, ZOBRE EFIEL T &, AR O R E PR X 120C i #2, AR
s, SEEERRHE [BE TR ISk s Y b Y 13 3500m 123 L 72 REMED B 5.
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Fig. 7  lon chromatogram at m/z 99 (n-alkanes and isoprenoid alkanes) Gas chromatogram (total ion chromatogram) of pyrolysates in
sample KD12. Numbers indicate the carbon number of n-alkanes.

KEra v ik, KD02~KD06 ik K, KD09~
KD13 iR TE vy (3 3[X]). KDI11 & KD12 gl o #4
TIRERZ, FHEFCAE n- 7TV EOFEIRL
B % & A, W 2 & SRR IR O o3 1RUR & 7R
Z O 2B O, FHEBILAWE FihE LT
B, SFEMYOMICHNKT 50 FHEKERL T3,
< & FILHHE & B RIS L B2, ThoD
B O HE A S FEREREECH S T L AR LT
W3,

NEFray vk, KD02, KD03, KD07, KDOS,
KD14~KD17 it TZ v (B3RX). Zh s oikehd,
o7 < AR EREMED GE3K). NERraY
VL, BEERN T ) THEICHERT B & RIZIZE X
BN T3 (Brooks, 1981 ; %, 1986). LA~ L, Z
NS OB OB R RNE, FFRFECEE Tk L
LTHH GBS, ZhoDAREEruy « v iEmsk
MO TH 5 Z L HURE X 5. HERMEICE%
REYIE B s (C AL i & w0, MDRAL - WPk
52812k, MOBIRER S ZTRRESEZ 5N 5.

Thabb, BMERMOMKEZEZLbbES L,

AETruY 200, AER ey 2 v0%
VIR G, & GIRE LS SRR A ik L
Tk, BRAOHAEME, HEREFZ, X0 @RIy
fathiorz720, AMRERPWMDTH L LB, fl
YRR DIGIRE Ko 72 D2 AD T LN TES.

42 5 DIEERKE

JLAR D EMACR AL UR ThIZFHEATHE D, I
PAEHIR DAL E 3km DR 2 2 4 FERIZ U & Th
EEREICEATHS (R - R, 1969). &bt
JEh D URERO UL, BARMIZ, ZOBEMIERSHE
DUICHRTEEEZONS.

UL ThORETT 7 74 %5 3KIIAY. Thik
FALEICEN ICBD S, ARITHT 2 EME KL,
ZOThIRE T 07 7 A MIIHEREEDO 70 7 7 4 L&}
HFLTWBEDEELENS. 13m LIED ThiRE I
20ppm Hif: TIEIE—E TH 5 2%, 10~13m THxMIZ
BIREERT. 2O -2 3ARREEDE -2 L —
LT3, 3-10mEOHEZE U AR T L TK
WIRE AR T2, EHEHERTYI T3 20ppm Al O LLIRIT
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$ 8 KDO2 DEVHAKF A a~w T4 (BAXvravw T T4).

Fig. 8  Gas chromatogram (total ion chromatogram) of pyrolysates in sample KDO02. Numbers indicate the carbon number of n-alkanes.
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%23 KDI12 slRt DB A
Table 2 Products from sample KD12 by pyrolysis

INumber/Compound name Source organism INumber/Compound name Source organism
1|Cs-alkylbenzene h%gher plants 53|Cs-alkylnaphthalene or Cs-alkylazulene higher plants
2Cy-alkylbenzene h!gher plants 54|Cs-alkylnaphthalene + Cje,; alkene higher plants
3|C4-alkylbenzene higher plants 55/0-C ¢ alkane ubiquitous
4Ca-alkylbenzene hlg‘hel'r plants 562,6,10-trimethylpentadecane hotosynthetic plants
Sin-Cio. alkene ub¥qu%tous 57|Cs-alkylnaphthalene or Cs-alkylazulene higher plants
6n-Cyo alkane u?nqultous 58|C4-alkylnaphthalene or Cy-alkylazulene higher plants
7Cy-alkylbenzene h!gher plants 59|C4-alkylnaphthalene or C4-alkylazulene higher plants
8|C4-alkylbenzene higher plants 60/n-C17 alkene ubiquitous
9|Cs-alkylbenzene higher plants 61 n—C17. alkane ubiquitous

1 0C5-a]k§{lbenzene hfgher plants 62[2,6,10,14-tetramethylpentadecane (pristane) |photosynthetic plants
11methylindene h@her plants 63|C4-alkylnaphthalene or Cs-alkylazulene higher plants
12 C5—alk)flbenzene h¥gher plants 64/Cs-alkylnaphthalene or Cs-alkylazulene higher plants
13jmethylindene h¥gher plants (C4-alkylnaphthalene or Cs-alkylazulene -+
14/Cs-alkylbenzene higher plants 65lalkene? higher plants
15Cs-alkylbenzene + naphthalene higher plants 66[pristene? hotosynthetic plants
16jn-C .1 alkene ubiquitous 67|pristadiene? or Cg.; alkene hotosynthetic plants
17n-C,; alkane ubiquitous 68n-C5 alkane lubiquitous
182,6-dimethylundecane photosynthetic plants 69]2,6,10,14-tetramethylhexadecane (phytane) |photosynthetic plants
19ltrimethylphenol higher plants 70|Cs-alkylnaphthalene or Cs-alkylazulene higher plants
20dimethyl-2,3-dihydroindene hotosynthetic plants 71|Cs-alkylnaphthalene or Cs-alkylazulene higher plants
21 dimethylindene higher plants 72|Cs-alkylnaphthalene or Cs-alkylazulene higher plants
22|dimethylindene higher plants 73|C 10,1 alkene lubiquitous
23 dimethylindene higher plants 74|Cs-alkylnaphthalene or Cs-alkylazulene higher plants
24/dimethylindene higher plants 75[n-C}o alkane ubiquitous
25|pentamethylbenzene higher plants 76/C 9.1 alkene lubiquitous
26/dimethylindene higher plants 77In-C 40 fatty acid ubiquitous
27n-Cy3.; alkene ubiquitous higher plants
28n-C3.; alkene ubiquitous 78|Cy9 diterpane (conifers?)
29/trimethylindene higher plants 79in-C, alkane ubiquitous
30jn-C,3 alkane ubiquitous 80|Cs-alkylnaphthalene or Cg-alkylazulene higher plants
31|Cg-alkylbenzene higher plants 81n-C,; alkane ubiquitous
32|Cg-alkylbenzene higher plants 82in-C,;.1 alkene lubiquitous
33|trimethylindene + tetramethylphenol higher plants 83n-C3.0 fatty acid ubiquitous
3422,6,10-trimethyldodecane higher plants 84in-C,;; alkene ubiquitous
35trimethyl-2,3-dihydroindene higher plants 85|n-C»; alkane ubiquitous
36|n-C 4.1 alkene ubiquitous n-Cjo fatty acid (Internal standard; 2ug
37/dimethylnaphthalene higher plants 86jadded) authentic compound
38n-C 4 alkane ubiquitous 87n-Cy3.; alkene ubiquitous
39/dimethylnaphthalene higher plants 88n-Cy3 alkane lubiquitous
40hexamethylbenzene higher plants 89n-Cy4) alkene lubiquitous
41]2,6,10-trimethyltridecane photosynthetic plants 90jn-Cy4 alkane higher plants
acenaphthalene + 91n-Cys alkane higher plants
42|trimethyl-1,2-dihydronaphthalene higher plants contamination from|
43n-C;s.; alkene ubiquitous 92[Bis(2-ethylhexyl)phthalate plastics
44in-C;s alkane ubiquitous 93[n-Cys alkane higher plants
trimethylnaphthalene + 94in-C»; alkane higher plants
45(trimethyl-1,2-dihydronaphthalene higher plants 95In-C,g alkane higher plants
46ltrimethyl-1,2-dihydronaphthalene higher plants 96[n-Cy9 alkane higher plants
47trimethyl-1,2-dihydronaphthalene higher plants 97\170(H),21B(H)-trisnorhopane bacteria
trimethylnaphthalene + 98n-Cs alkane higher plants
48|trimethyl-1,2-dihydronaphthalene higher plants 99[17a(H),21B(H)-norhopane bacteria
49|Cs-alkylnaphthalene or Cs-alkylazulene higher plants 100[n-C5; alkane higher plants
Cs-alkylnaphthalene or Cs-alkylazulene + 101[17B(H),21a(H)-norhopane bacteria
50/C4-alkylbenzene higher plants 102[170(H),21B(H)-hopane bacteria
51|Cs-alkylnaphthalene or Cs-alkylazulene higher plants 103|17a(H),21B(H)-homohopane bacteria
5/Cs-alkylnaphthalene or Cs-alkylazulene higher plants 104/17a(H),21B(H)-bishomohopane bacteria
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