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izﬁiiﬁﬁéﬁi;? ggﬁgﬁ M6 EREKBEETTHES/CHTHRAN

A AP BELRXRA

S/C #0. 026, HILRE L EAR M (EH6). R
REBPENFENECENEERE, UEESH
BER., ENRBARES, AEXAHTEARS/C 5SENRELRNMEELERY, RHH
GHEENTRYTTFREOERMBSLRENM,

3HERBRBH;THETRLSHEFETEANAHLESL A

ERBIPHARCEAD A BN ESNTEANARARN I EEREE S RN EHRE
E.RTBEEEERES NSRS SREENR. ANHTASE. LBRSRAK
HFE BEENAERLERERE.ARLADERBONS, BEORBAE AR, 85
AR REDPER BN AR RURRE. NS REERR, TRETRAENRK
BEMMBE (R=0.58%), ATIHREHLED& RO GHIE, ANANELROAEHRA
A LR A EENEEREANERRERE S ENRN RN RN AR T
L. EREHENRABREN, ERANROGHLERS, BRERNTESERBE BN R
R A M.

§o 5L DR Hh R S 60 B

EYTREHR, TRAMEHREHEE “S/” OBE, #2. HERSES, 58
FRURE KT, RANAHEER, BEFRY, HROUE TR RS EE S
E—OREEES) . EREMEESHFITRU EAEE, S521 300 m L LARE.R
—HERREREHE— AR RERED; B —FEAE AR EBREME ROER, 6
CIEBME, HAENE, TEATHERNBRE BRRENAE, LHBENSH &R
(H8).
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E.i'l E.!'z ES'E EI,.
‘7 BEEREENEREIPOERLSYS Mg TXEMFBEHNEIHSHKTLH
EERIRERHELRRAE RESN (BEFERSE, 1989

B, BERASFRIEBHHSER

1. 4 ¥ 34

REEDPRIRITEFAETABANGHE—ERBY (WFEEH) RERES
(de£E. BiEF ) 2T 4 (Sinninghe Damste e of. , 1989) . X EEH KT T%, FEEF
HEMMEEFVIEMNER.S—SBTHREAHH250Kk]/mol,S—~C K275 k]/mol, i C—
C M350 k]/mol, B, ERBMBHERE, REFS—S, S—CHREH. FHAEHAIEY
Kt

BHAR, SPEDPHIEEHAEIHREEY, ERASTFHEL - PBLETREERBR
BEENMRESHINIFOMAEN SMREEHKEFRLH - ERE AR THHRE D
FEEHf -EHENINH HSEHS™ SEFHEMBHNEEREy TEMNE R B, BRX
MY, FARITELAR.ZXRCD IR R4 E. REXNEEHYEER A IRMRE
B, BEABRESHMEE & (Sinninghe Damste and de leevw, 1990), ,

REHEEERZRESRESTEIREKERY, REKEESAOBERIRKEREE
MESFALEY, MEFRAFERSEHWHEE, FAE, TERXS/CKRERH, HALEHERS
ERRETEXEH K4 F.Sinninghe Damste Hl Eglinton (1989) M E SH iy ek, #
HHREENRNBERER. 1 SETEAMNPy-GC 4HEXR, RMKREIS CHFTIERH
S RETTESHUEY .RUASHA TAKE., BEHEANBRNI254 2 . #E8H
IR SRR LI, IRBIESTERS/ CREFRIEAXAXRRSTMLESYS
EV R ERMBERENNXRNES, LETINEZRSHEMNGBIFIE, PERERAS
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TERMBER, HEAMMNPEEIAERZNER.

2. AKX
LiEE S EARBZREEE A, AsCorg
BRAEREAME KR, B e A& EE o 1 1 [ 2 l

0.1

A o W BHKka FRLIER
R E PG RBE . UTEESN
— TFTHEHBEXS FEUESEEZHE N
it

MiEALBrEE RS, BR KT TR
BMAEBZRHEBE R EHMNTHTEE N 21U~
0.6%, M HEMNT R=035W~
CAOUERF . ETEUEFEY —BRE B -
RAEMFAEEMEDEREREDLER —
SESHMBAEE ARE, SRNB% -
WEEETEEEXEFLEYH, MEFZ ]
BMOaPREEEEARALETD . XHAEFH %x
ARAENRERATERS BRECARY 0%
JLEJ (Sinninghe Damste ef al. , 1988;
Tz, 1080) XBERMHERETSD [y RINBERBVIHERT SN L REN
B U T RALBR 5 o HIH0 07T AR H 25 55 9 |
By RE, B BAK-BARE, BT XKENFESEFFEAABRRAONRALERE, &
EEHRE, SHENEEEE, TENTREFR. B, AHERLSREF 40 H.S 55#f4E
., MBS SEEDERYREER SRS . EESERRRGBEENWEL, BhEY
EIEY, FHRE—EEEERY RERAEAMFEZR AEERY =BV ENEREDN
DHEBEXREAMARANEESEDESEEIFE, SU—BARSUV=BENRERKE S H
th, RESFREEHLEYEESERK, FR2MITHIRZESRRE, RBRTEHLED
HIRABREE . MENESREZN, SIFRHEFERBEMPp =R ESMEN, E1]
EEHBAPEENERAGT T, WHERE. EE. TEBERSE, ®RE. RHBELRER, B
Rk, 2%, BESAEBRMSEER.

I, & it

0.3

130

SSSSNY
Ylese

b
L

0.57

Ro=0.60%

B4 B3 Re( %4)

- - e 1

5 W 380 B& R AR

(1) EBAK-BANREKEPFAEERAS FRABEREFEPEEAREAY, FEAA
BERESENEZ.HEH, HEAFERTRB. S ERARAUREEY EBR N F K
EH-EHERANBESAR.

(2) REFEELHEEL, THREC/S SRANINEEHLENXE, FREVFEHRLELEYEREER
HEAEBESHEYVABLRER. BRFHNSHARE, HERVGRAOTFEARTEENES
1%, HERASFRNEMHX -HEENEAMEENH,

(3) REGEDERINERA S FRHBREARERARY, BERAZTRELEENER
MR, N0 21%~0.6%, EMAEHSBMET R=035%~0.151NEH.
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HREUBEERESTAYRATHLHREN, CNBER I EHPL HAH
REREANABERMARTE. EAFURERT, FEF R 3 HA-BARF
R HhhERas, pPr/Ph<l, 50 SR, INXFLENCL4-FH
B, Culils. PHERSF. BAEBFUKAEA U FORSE, EERHPNE
FHREDHAMNEAFRKR- R AR E NI E XM EDLAF AU RGN EEL 2
BR, RHFBEEN CoB nC. EWRE, URBH. REAKE, X ke, k
BERRZHEEEX, PAURSLADARE B I ERRLERANN TR, B,
PR Cok =B RNALE, RUAFEYAFR KB EANERRERA.

prrte i

Eﬁ%"é*ﬂ%ﬁﬁ% ﬁ%&?ﬁ%&iﬁ@ﬁ*ﬁﬂﬂ?*,ﬁﬂ%iﬁﬁfﬁﬁﬁ% %ﬂ%qﬂf“ﬁfrﬁﬁ,
FEFRS LG MBRTAEERN—LEXANSER (K58, 258, 1987; AxT,
1987, LR RERHB R EFEFHOMEEN - THEOR UEMBETHRLEBAETRE,
RT—HRAZLFANEERRENR KB LHAPHAME, AR -"LRTENRART
B K- KR, HP, A THFMNEETFEHKMAE | FEKEHMNR T4H%
M SHE. 22, BEHRERRED, NERFEMBEARMNTHIEM, BN, K
WA RBEX SEMG BRI VER . EXME X ERIRM LS ARATHEARNT, #
BAEDR ST M ERGELE FATITIERNIR,

—. REFHA

B2k s, AaMBRELETH. RELEALE EREFELH, 2518
Az, F. E2ET.

B 3 P i 48 1% JR 3 (% 2% 2 [ Finnigan-MAT TSQ45 %), ik 0 SE-54 A % ¥ie £ 4
Tk, K 30m, WK 201, AR AERERFY. HBIR 100 C, {ER 2 min, B4
C/min I HBEREAZE220C, A2 C/min HABEREH 220 CHE 300 ¢, HE 30
min, HiEEMS: BETHEBREE 180 C, X 70eVY, 0 275 C, RRHEHETE
B 50—350 M/Z, ﬁfﬁl‘mﬁ 28/,

=, EREFEmSENRER
MTHSRUEERAEENE 1 FEH— & 829.6~855. 4 m FENRMIE 921.4~935.5

D 1eV=1.602189X107 "7}
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mFERFELA-HEN. BAIFNMEREEEREAR, AERNE R EHE NITEE (&
D, EfMEESE 0 Bg/eom’ B/, BHRAEM. EHMERERN 0.57%~0.69%, BIK
FlRm, RMHP%E A ARz —BRSEMERinEt, SEESMEERTEK., B
EERRIRMEERYUEARNE, MG S EHREAR 8% ~65%, BB EAREREE
THEBEHY, EIULELE, DERSERK, RBAIEIERIEHEAHENEBERE,
BB EE BN,

X1 B1HEHNSUSY

e |2 # b & SOCHTE | meLw 5 mms | meg
i (1) {g/em?) (mPa = s} L0 i) : L s

% 1E | Kd, | 8296 -855 4 n. 878 56. 16 0. 37 13 188 1275

B Ex Ef; 021.4—043. 5 0. 583 22.19 0. 69 39 w0 |

=. HpRFIEL S WEBEE

a3 MR NER GC/MS i, HHABETFHAEL 30 /1M E6A8REBHESYHT
THRE, TERENKRE., EREZHERE. IHARBAERELEY. RBELSH R ES
S UTF . -

1. E#mEE

CHfEREERMTBEEENESY,. ENSBENERBERBSLESHHER (THREE) 1
TN E. M—BENBRNREHENEENSHAELAHAMY (E LD, fiFUCoEig, FF
L nCos 8, XFDL nCo & nCoy A M EHIRE S TR EL MRS BB ATE
Fbh R R (BBEM, BEZ, 1987, EABFEEN nCoF nCuy b M TEMERR Y
EFRETERE, BHEAIAIXHU C M nC, N ERNTEHREZ2SSEEWERLT XL, B
HER=RAEHAARYT S AR ARV ENEERR S HEE N nCy~nC (HE. B
RHEE, 1989),

ni ez
Ed R ih
Ph
nC1:
. #(a2a
nCia
S N A
nCo
E fi il gk
Ph
n(C 2
nCi1z

rCi1s . |pr

nClal i || nCa
- M ey

Bl 1 R A9 46 04T & i
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S FEA nCy, FHRZ A X P A8 . Mitsugu Nishimra % (1986) 7E %} M {L Mg 7¢
MEPHHERTER, HRAMPNT CoHEMREEEXRETEEAY, B 2CLERK
“ge8%”. Simoneit (1986) HAHBEHMITPREMEIE B8 nCax—~nC, BHRBEEL EHREE, T
MIEERHEAR. BHEARRRLZHARETR, FERSEHEERC-BRAREFHNSHE
B, i, DREREEEN C,. FHEMBEEAS, RB XA 2C,Ff nCohy &K
BHEMRBEESERFTAHABENAR. NEAKEEFENERE _BEREPEHERAE=
g2, RVAE #CLTE WAreE, 15 nCh. nCo B uE, MM aCuMG¥., H nCh., nC., nC, B
FRAMUEBHTHEAD, aCo, M uCou 1S BABREE . AR nCp, nCouff P (FFig) EH KK
HREEEHEKHERE M, MAERK-F KR Gy AR BEHENHRE BaEF. &%
PEFHEKMBENERETOME ] HESEMED C HRBUNZH RN FE, Bk
MW, IFHEFEEH Con. aCu M EFBHSF K- B AT RERBELETER L.

2. E#M%

EREERME G RER By

O—0 1
FRYENRE AEFHRRE QBE) B [ S—-
SWEE G-PR).X A (haxsEsn o T
ARMBSY, ENS8MEMZEE 19

~6.6%; RMMERMNELNSEERS .31
B.EEBRETFRE, N Cu~CuF %
FEEFEC,~CouREBEA (E 2). B 0.2F

(%) ok 24 2% -5 &

w8 R, BUeRNRET RS
FERWRE, RREFAES, sume |
MESHEERANROABES, B
EHEAREREA (B 1. 82, B

1] ! i f l

CEEHNEREEARIMGEEA,. TEEE 5 17 18 2 235 2% &
THE LR AT E . et Bk gk ki E f: B—BEFPSNECHRIBAESGSY &
HEXEEY,.ENPBRESHTE.HYR 1. BHkitE,; 2 BRME

HRMAREHEESETEMR K9P Xy, X
ERMPENET (B D, g B0+, XuBEE. MAESFHEN T ARTER,
XA AFETREREFAY . FHUEAMAEMER. AR XD ENELREHEFCEER
AN, HEBABFERMATEETREEEAFRELEY (X a4 . (Shiea o
al. . 1990)

3. RN

¥RR B SERBRIEREN 82U ~0 6%, MANMMERR = HKixENFE (A
D, b EsERES, Pr/Ph B/ F 0.5, Pr/nC % 0.64~0.72, Ph/uCiy i 1.5~1. 9. &
imep B B Pr/Ph IS H Ph/nChutfiih AREARMMN —1T8F SHIEHE (Czochansha
et al. « 1986), HELELFT DAFERY, BEERMAE 1 AR B ERE, TBRETHRRRE. &
WHEREEREHERS M ERK-BKEERE, BEREAEASGHAEMOHAELBR AR
(Fu Jiamo, Sheng Guoying, 1589).

KEXZT ~
EMF MR mEER2 S8 rERM 0.9%, FEFRYE (H): DREREHRE
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M/zsd] #‘M____
M‘f%gﬂ r E—M ' !
M,/7112] ' A | !
M/2128] ik~ T o |
M}’;Hﬂ: '.WW ' v“'—‘?—‘—_::q

M/ Z154

M,izmal -B— ' " '
M/Z182] ‘? - ' T o
M/ Z196] .E— ' '/,,,\ K
M/ Z224] ' ' ' .4 - ?

SCAN

B3 S1HBE—B (829.6—855.4m) BEHRHENAN X LY

5 (Hda), EIIMRESHNC~Cy, HBEREETH. WHBAIEKR T —RKEXE
(Co), FRAEBR T IREXNER - TZREE Cur Co). ARXME, ZRMWPE
e e B A nCas. nng;":’fIﬁ, BT X F o A RS 7Co2 nCos IE 18 42 2 B 5 R B
EPAERER. QKBEERIZBRERX (H ). BRFILSUARERES N, BENVR
HMAREATRAEWIREE L. Summans {(1987) AN, ERMBAENZHHME (green
sulphur bacteria) B X ERRRX _HREFNER. REFRMEZERANLEY, ZANERE
BTEBEA-BKBERAKEBERWBLIEFE, BRHBAASSHENHEHNE.
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a)
M/Z 92 @MJ\WN @/Cn
Cx
Cn
Cas
. T
Ciz Cas
A1
b) Cis (g s "
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M/Z133, Cie /
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I
!
Cu AN
o I R
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B4 FH\ (Ed)) PHREERF]
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5. § ¥

ARG EMBEMZEARKN 3. 4YU~3.80. R—-BNMERBRFMPEH G WIS EA 52
22— (B 5), Y CHR~aColifg>Crliifnty "V FHRHANW, MAERPRE—E&
B -PREEREANBEREEE (H6), XBFMEHNRURRKEEYERTRAFRBMATR.
Af, R AR C iR A TR REIERE RMEE THEEEK-RKIHFREROES .

Hoh, 4-PEYRAKRBIAETENARFEARE, B Co R TRET Coufll Cyp 4-F B

ﬁﬁ*ﬁ}—ﬁﬂ?ﬁﬁ%a ng’ﬂi:.l: Cza)ﬁ] an 4*33%%%5#%%*%% (Alexander, 1992 F’\]ﬁﬁﬂ#%
R, HBEMBEER P Cot- FRERAEEBRT CosM Gy, FREIER F M4 B8 5 2E 5k
SEKVURENE (B 6. EHEMBRM PN 58 (H) -BEERS, Crliix K LE

208/(205+20R) % 0.18~0.24, H4-FHMFL 4P E 50 (H), 14a (H), 17¢ (H) H{R

(20R) R AL (A6, IHFIEHRYREHRMARR.

" a) Ed B 7 Sa{H}14e (H}17a(H)
M/Z217 Ca] Cz ////?ﬁﬁ )
CALL |58 HY- R g
- R
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b) E £ T Coer ° Czs

M/Z217 q

Fls FEamM/Z217RB6EHEA
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M/Z 231 20R ——
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T N e W T T — —
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200 _a
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D3 4a , 23R,
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24 5
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AR EREME G HEHEN 1. 1%~1.8%. RPN ER R H WA 7
Fm, RPTEEREMAOAEAFTF W RESLERTE, 8K Chr~Cy (Cul@). ERMPIBRE
B —EMC.ER, XTRARINRHE. CERAFEAPNER ZHEETELXELELEY
MAEP, C~CuBHRFTES5HRB/MBPCMEENBEELER L. EBLRFTE, C;
TR ERE SR THEFET X (Peters, Moldowan, 1991}, SC I BEEAHEZERNET R
BEARBUS-CEVWERS Ky THE, TEERSEAIRF C—SBIEHBR C. B
. R8T, ARMFIEEERSENMIERE, MBS HKE/ofCER N 0.57~0. 79, X[E#
ERERBEALRA-RAKAHFENERTHEFABEN . FEXGE, €5 M P T &3
KA Co AT =R UCT, S W A ofCy, B 225 F1 22R 28, X FF L& P e Fil &
WAL, ERERTEEK-BRAAETHNRATSSERE, TESZHREPQOESFS
A FE X, FimPe CEREWELILE 225/(228+22RY R 0.5 R, R X B &5, [
BE 48 R R & TERE B,

al Ed il

1::1;2191 i

ﬁ L I 1 I 1 1
& e BCx0
b) E f4 5

M/ Z 19y

Ts Tw
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B 7 R M/Z 191 i 5%

. WP PRAR

ERNTEESE —FTENHRT MREIEEGY. ENSENEARN1.5%~2.3%, &
WY MREEEFRECY IS5 ARERE L. EHEMBRESS. XHT M RIEAN
RERNGORAMERKMAAER, RAKLBZBRRA+TEE, THRISSELNER
ERAEX, BEF (18 MAERARNLGRES ZA, THEAE, HEAKEXR
(Creamgdomons) 5 KE (Dunatiediasating) BRAEE. EEINERABEEHFTIE, 7
MR R EEYZ., B, EEMERGTAEE R RS o 68 R AR PR & 5 $
BK-ROKHBEBEEEA X,

M. & it

(1) MEMEEHMEARTFHERSENMN; FoPlisk. BREEIFE: Hinighz
B Pr/Ph (<<0.5), &K Ph/nC, (1.5~1.9); BT HEESS (H) -EEHREFEF,
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4 W TUA R R BRI
ISR

R EHR KITF FEAR

AXAAAALBTERNX B HMABENTR, ZARRATRERAR
PAPRBER AU MEFEARENE R, CEEEHR ) A TERREER
SR FABEGHCEZH R EETHABERE, EAEERAN 2C>nC>
nCsmonC AR T ~HEAFHY KRB EHEAL. b, H X iC/nCy, iCy/nCi #
TR HATT itk

BREEXASPH—TERHET S, BEVEREXENRER. —BRREDELE
PRSI AAERBAEREMAERY; —RANMRARRIAERBRERNBE G KEREH
BUEAH  NEEMNTR, TLUBNTHEARBRAAFEAEES AT FEA-E-BRE
FHEE, i, WWETRAEENER.

EATRP, FEEF THAIMEERS. BRAXTRTNRLAWAE, FEEBET
HTEEAARLR, AL, WRHERSUMIRRENARAI G AROBMETTR: OXS
BWHERSEFBROALN A OQREALBENERAGHEANEW,; OFEFHE
BRAETREMHRE: OEXRSETHRRSHERBEISERNSFETRIEBOLE,

—. &R BEd

HAESELZEBTINMESE, ETHEELEAN H/C X165, O/C H0. 19. 8L
ELHBENFEEMN LI AN AARARERME, RR=0.34%, HEEDPRAEZ S
13.57%, HEBN7.91% HHHENCREERFY =80 b FAE S KA H A ILER
B EHTH AT ZARNBEARTEEN Y REITERS, CEREREEM, <. AK&FH
PR EITERAAERNEREBNSE. AT UEEHEE AT RAEXRD G EH N R
BB EIOR, hTHERERNILBES, MAT —FHAN20E R (HEGRPYE=
2:1), MH TR . FEXRPEHERFRAE SHER AR NBABR, 555200
C, 30C C, 350 C, 400 'C. 450 C, 500 CH550 C, #H7PMRE.EXB T RABFENH
BFE, 100 CURE A2 C, 100 CUESIHF®?7.5 C.

MARMAEKARENSIBEI= 1038 A EY LT, QFFS. A NEREY
H, 260 m, FR0. 35 mm,EEROV-101, HMBEFID, FEFPITREE2S C, EARE
BB 6 min 5. M3 C/min EEHEH250 C,

. GRBUEEHER

HEEETRBREEEZTNS 07 00484 OmiiEB400 C), FIMTIHFEHTESE
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Bi HEAMTEMHI00 CERSENZTZEA T

OUILTAMFRANAERARLAERESF (KT FH, 1985) HEE LWL E%;
OIER/S0 C, REHEH OB HFHEN 2K, FITERBREREY, SERRHXMBRLT
b @R%E. PEAMNECRESFELEHITRIE.

Al EEEREFSERIRIN R EEELBED. EANRNENEELE KO EF
FEHAERIE, SREETR; REIERS XMENLATEHEEN. '

Xl XEWMASAMSELETHR

" ey g o 3 ram
1 T g 2 F T -1 17 W -3
9 z8 10 E R 18 EO
3 & 11 2P T 48-2 19 o 3 5 IR A
4 RTH 12 FR M 20 e
5 TH 13 2. FHETH 21 ‘ z-lﬂifﬁ#aﬁ%
6 FET# 14 2, F_HETH 22 F
7 2, - HERE 15 PALE 358
8 R ]| 16 3 % R

=, ZREitie

EEMITERBRSHNTEANABRMYABTEM, SERBNTERETHE230m°/
toCog (E2) B FATLLE S, 7£300~400 CREXE, BrRESREA. Aoy EREELXE,
FRBH/CREBES R, RAERMBEFIRTEARER (B3,

EERMBBRZAEMNKE, NRAHMEZEHAITER (AEFFHR, AFEH
W) HH, F400 CHFARSEPEREEFEE (AL . ZERFHEHTHRNSE R HY
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R/C %5135?51} a;?cltdﬁa?ﬁcil;ﬁ? T
0 1.00 —460 —40 0 100 0 100
C 8 %
— 300°CH , . .- -
f-::'gﬂu- BoCr / \ \\ \‘U Iﬂ:./,
émn — 400°C|- / \ / | E\ /E
e RN A
P ot | /1 \\|/ § J
300 850 400 450 500 550 550°C} 8 '
mame (C) , \ ' \ \” |
Fz REBBRESEESZE%

B Zeanids@lEiBEg8REen

1L.28% . BT HEFRLBE MENMREE .5 REXEBEMBSRSEFRB LRI,
WHEREREENU. EERUTERAERSET, ¥F - ERNHBER . EEEMIEALE
, —MRAWRMELE (Tissot and Welte, 1984) XU RB I ESRAUTRIHRIEHIES
x,

W E200 O, RS ETRBRBRE,; mHaBs00 Cof, MERUBRTHERARL
BRHEMBE (EEER T, £ ROBEEA0 CRATZEAMEEBE, M40 CEM
TEHKREAZHAMER FUHESABLBENE (EEREAR), BENSHEAR
ATHEWNHE PEPNSEREASE, 300 CHBEKRYL4.5% ., AHT550 CH EBIMER
80. 2% C,~C R i3 H1 C;~C, 55 45 B # R 3 BE 3 fu i B I, ZE 450 C AW, C.~C, B4
C~CEBEFLHERKVEMA.FELHNE, LitEAEESRE, HC~CREBEHMSWES
HEBERKT C~C, (2, B3) . 848 P P& ok 08 B 3% o 2 72 8 300R 7 5 400~500 CB . X
FMTERNEHBZLEAEHNGEERE, PEMNEENN, AW 88 H/C BEE/D. XIHRERE
ERITERBRENE. HERBETERSN. '

£2 REMASNETBERERABREEEN
Co~CrB 124 1
: e \

B g FamTne TR OUE D IE ) e (96 iCy | iCs
coy| Y RE RN ey ey | gy [T G GGl |CaCr | BA | IE | SRA | e |

o | o | o | g el B
300 ) 062 (2. 08210. 0851 —21.133|—34. 001 | —26. 357 | .7. 98 4.5 | 56,08 | 30.21 | 95. 6| 4.4 0 |49 8l| &g
/01 6.76 (06321 0.075] —21. 084 | —39. HBG[ —29. 362] K. 48 16.]1 ] 5R.2 25.7 | 44.0 |50.31 5.7 (0. 6.0 75
400 1 1.28 1. 537 (0. 0781 —Z21. 747 | —24. 578 — 33.757( 13. 34 18. 6 £a. 8 22 6 ?26.6 |T0LR| 2.6 (0. 18| 0. 2
450 | 1.47 (0. 456 (07— 17. 651 |— 18, 309 —25. 843! 4. 18 431.3 ! 39.3 1.2 | 20.9 [74. 4] 4. 810.27.0. 23
SO0 ) 1.71 | 0. 44400, 0871 —17. 235 | —15. 572 —18. 89%| 1.95 GE. B | 22.0 0.2 21,2 (71 6] 7.1 (0. 41|0- 33
050 | 1.94 [0, 414 0. 061 F —17-550|—16. T28| —29. 690 | £ EU-Z[ 11.9 7.9 | 100 (R EE | XK

EHBENEBRERGT, KELNABRAAFERZLONRREEER, EHEH©
EER—ERFARENFL.C~-CERMEMBENAR, ERRKETRZHNIN, 7
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BRREEREN KXERERALAD A BEFRE

4 (AH MNBLTLESY, AR esy, —BR 600007
B K BeEOM N, M EEME. RxEamERS - | A ER
% MESTERE>ER>RR, BRARRERE. § woo AR o
BRNHE. RREBKZ, BRAREHREZ.FY T ol
A0 ~550CRE, MR AR AEERKR, & § of -
13. 04 MR R B . — 10000} :
R, R, RREAMAM LS RGY "
W AR 00 B SRR T (500~550 C ) IEMIURERFN 5 19 A1 LR hae
(%) ' (%)
3+ 3+
B0+ 300°C 60+ 450°C
404 40
204 | 20-
_l_—l._"l'—_l_—i
C1Cy Ciz nCanCsnCenCr Ci1 C2 Ca nCanCsaCenCr
(%) (%)
B0+ by
50 350°C 60- 500°C
4(H 40
2

(%) (%)

B+ i00°C 8
B0+ 60-
404 40-
20- 20

Cy Cz CanCenCsnCenCs Ci1C:z C:'uC;nCﬁ.uC;nE;

550°C

C o ——e—T
C1 Cz CanCanCsnCenCs Ci1 C2 CanCanCsaCenCr

M HEAMAARBSBRERRENE

4 B 3 nCy > nCy > nCimonC, s ESF S BAL GBI T
HNR EZRE: BRXRFRAEREAZATR
B3 . 3% Leythaeuser (1979) X4k % REAPRBRENH
#8, INTERERRRNEERTZR.EHREH
RER, XEPTEERERE, BMERT nC>nC
}nﬁ5ﬁﬂcqﬂgﬁ}ﬁﬁma

EEHERP, ATRATREREEERFF R
B, EWEFHERT BERAOELTE.C,/nCH iCs/
»C;BEAE IR A FMPEM (A6).:C/nCR iCs/nC 2
EALMRG, EEGREAPTEEER. XBERE
200~ 3350 C 2 i 8RB, B & R,<0. 8%, & LMEN
HRFE R RE RO ABEERBER 0. 8%,

T BOR A
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(1 #EmsnBrdimERsBHATEASENERARE VHL, FROEHESR
PREEF-EBNEE (XSEMEREEFFTR),

(2) BRAGEXZFNRELEEISWE X, MELEEFA ST EEREETL,

(3) BRAEEEIE. HERONAEERRAZHT . BE nCinCi>nCimnC,

(Y IC, /nCF iC./nC. ZE M AR, A ENERACENHEN R EHEER: BF R,
>0 8YIE, MFIRTR A E R R E.

IRBEXW

FlEA. 1688, WML FRANESRONERELEY. AMEHBE. 10 Gy 72~78, ‘
HET%, 1985 I C~CoRig MBI F L. Gl RRTHER. 6 3. 24]~248.

Whelan. 1. K. ¢ af. . 1983, Volanle O ~—~C; organic compounds in the sedimenis of the upwell area. Peru. Org. Geochem. .
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Je Ire 19 A TLZH B S R AU RFE

rERA EIRE KETF

BHBRBAUXBHT &, FRARE. BT EPKEAN 2 F 4 R0 H R
EERRY: BEEAPRS FURAEAEN, §%. ERHLABABLEET
B, ERARFAERERE . FXSFHANZRBN RAANHAINHRARES
WHERAESER EERANE Y, £EPTHERNRLS 4R ALY MG R,
EERMACLENAN HERES XL A AAESRERRE R A, B TRRE
Ruim, RARKHREATALHARN S, RAMBTENEK., ERRBHALE
ATHEBRE XY RARERCRRF M. DIHFFH LS, 14-0F % 14 % 1
REESEATTHF .

FNFET - RARAIBERRENASAC SR NANESHBAMBRFEL,
HP B EENRAIBRAERNEATHRRIE, CRRENRNS TEHWAREET
k. (Van Gijgel, 1981) B MR B BN RE, EREHHSEROEBAER.EELE
BRERBH RN EER2U~50%, EREREREZ5%~5.0%, EdBREEIERD S,
Waples XM 2 R AABRITFNEDY . WAL ER T 4000 m RIFERAEI0Y, 74 300 m FrEE
WH43%, 24 600 m RFEMN B4V AU, ERTRENLRRLEBE RS FH BN #
MAMGEATEENESENL. _ |

AU BERESTRERLLR, FITRBEFNRS TARMAREBERERER
HERMEYREDRBESHNERENTREE, YEHRNAREARESREMRKENS
%,

—. BREXREH

1. 5
ﬁﬁ?ﬂﬁﬁﬁﬁﬂﬁﬂmﬁ%‘ﬁ&ﬁﬁﬂﬁﬁﬂi%ﬁ%,ﬁ%ﬁﬂﬁﬁﬁﬁﬁﬁ
PR THE=ZFZWMEEA. SEXHLBRYVHTE=ZEREHUERANES KHRLESHT

a:ﬁlb

Xl EnEaciRAFESY

# o

Ro (})

H/C

0/C

tx (C)

HI

Curi (% ]

FR MR

RAWME S

HERA
AOREA

0. 35
0. 46
= 75

1. 65
0. 96
0. 85

0. 15
0. 18
0. 11

432
421

423.8
340.4

2. B8
58- 26
0. 70
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2. BAES B :

RAMBEY =R AaMbEEEAARHOFTIEMBOGETHERNELESR ZANE
ARVARREE, EEZE, BERERTYWRETEEETEMR (F4K, 1988; EiFLE,
1989 . B LRS00z, BB FLEHF S20BNAXATRE . LB R BEE10. 855MPa, R
H-EMABEETEHIHMHT200C, 300C, 350C, 400C., 450C, 500(. 350C7
AEB . SEHER Fldh, X E AW WE FTEB LB, HIE2B0CHE.

3. ZB ¥t

PENERREGAIGTHE, S ER-E4E0ESEMNENFEAS, S 5#T
GCH GC/MS rth (EREFES, 1992) MEGHESHTHEAHE, HSERTFEES.GC/MS
43 37 € A Finnigan-MAT, TSQ-45% GC/MS/MS/DS BEFAKX .t iRAE R SE- A A B
EHERE, HK30m, FEX He, ARER. HBE100C, {E#2min; B LI4'C/min B FHE 3 R
FE220C, ZRAZ2C/min MABRBRHZ20CHE300C, 18iE30min,

=. ZHRSITE

1. SRR BT R AT

BEIMABR ST, ERAEATRMEY S ol L
NTEHER, $ERBRESRENM, S THH 2
WHEFLBENE, BREENREZSAE A >3 /
1), 2.0p +

MEIATE H, £ MFA300C YL, BEMILE B &
86, R, MR E RS, FREH D TRS. OF
ORESHEBBEERREN R, H2£0.28%, & -t
BAMES: HEXKSAN. REORFREHT, xe”
CEMR EAESEE. QSR M A E AR 10 o
B R R, 20 11%, ERF B, 9550 C AR (C)
BEr. =% K EEEELKR, MEROEHUL M1 REHTEMARE R HELRN

BOMERERUTREEAA—RE, AR | iew o psmms 5 00pe
WU R LK AR AR, BT A A
MM S M, ER M SR, AR R
R R E—~ENEW, TGN R EEHNERMRA, AORENZABENT Y
MAESERHESRR, AABTIRTES; SANRLSBINTRE, R ARNEETR
HEE (ED.

BEERH R I E S B RN ENE L BTN ERE BN B SR E R
W, Y- EEARTHED N ERN. A TALRTEREOHEA R TEREN, 28Kk
B LR, BB MARRKTE, FRAXMOELRERERS R R, A5 LNR
B |

ERERNBREK S AR, AR AR ESRE AR R R AN A ENE S
BREATHER AR ERBN A BRENRETE, BEEHMANFT RSB, BE QM@
4L/%) BHBMGHL. RN, BFENTLBERRBS, B50CHBY, BT EELK
% (RE2A%ED AEEENE, XEREEMAE00CEN (R.=0.5%) B, fFHEK

4]

Re (%}

1.0




FHSHFR BB eE, — T IEERESSnm A4, FHAA— Tl E6Smm A4, X5 Van Gijzel
(1981) R & #IF I — B A% Van Gijzel M3, BB R ZHIE MNP R, AH0.45~0.45%
M, WESR— T RFHBGHM TR IENE . HE, KT530nm HERDAFERKEL (W0
) BEANRELEE; MEKBEKNENEFECB T O ERGTRANE=L M
e, AT TFHRRAREER, RESHAKWSIEAR (AESum £4). BRABE
KAKFEIE, BREANEN S XERREFRERHHRIER RN RAXTERAE
RE2CCHER 2 M EREE, MR EZMRE AT HERNEAERNEIZ0CHZOCREHS
RIZLEE, Z300CHRBEHEE, BEHMERERBIRAE.

®I BWFRETAESH

FaER 2000 250 300
Amax Q —’lnux Q "lm-hh‘. Q A-niu.k Q

BHmna 530 .76 530 0,79 540 1.23 560 0. 39
y s 540 0. 83 530 1.24 - 570 1. 18

ey Ape ERAF XV GG (nm): QXD X (650nm) S8 K (500mm ) HMFLE B H{d

e WA

HERX

460 © 600 700450 2 BGO0 | 700
A{nm) A{ nm)

El2 [0 Bz e R 98k A

2T RARE K L A B AR AR
MERMELEBENOAE, TREREAZIHEHFAANTZER, RSEHTER, ETRFE
BERE . TEMR H/C RFMERHFHLERRFEAER (B3, NESA LE &, KB B R
HTEHRRAELB.ER, AERRE G RFEANF—ENEN, BEMAZFLS0CRE L,
FREESERERFEME, TR ad8B, lissot ZHTATEDELKRE, RAFEZRIMNEFNLMA
FHUMELEREZE (HE3dATRLER), IS EDLBEENTRERFE X,
FEBHREIFH RS, EHNHRP00CEANE, BEMUENEREAEN TOCHXE
Wi mEBEREELGHES TEBAN TOC k42.58%, B T200CHEE. ¥mMA74.56%. 25
THEMBFR., ESLETHAEAMRIE R AEBET200CHRHR, EREH
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N,d54.1%, CO,+H,S 542.94%, H, 51.45%, BEH1.18%, HEKkBER. SBEHBK
B30%, WHBENMNEATRE., BARM, FTHBBFHAEYBENEE.F, BHRER
e, LHEREEFER, REAO8LD (AO. ZEEBEMBI200CEN., K2 ERAK,
XUESHBREISESHMIEEAE X . E00CHEN, FHAR, S5 FRAFAERZ -

M.

L
B B B

1]

0. 50+

0/C

E3 TE#HE H/CES5O0/CKEE
1. B M EEE,: 20 A I BIiBIE;
3.REBEMIAE: 4 MERHE

3. TR BB 12 £

TERRIBELETEZMER., K
B AR ENSRE . EMSNERLESR.F
TE TR A 1R N .

FixFHHREETFENKEEERE T8
R H s RABEEHBWER . AT C—
"CRHREVCCHEBAFTFENEREE )
(Sackett, 1968), M A &K B &S T BB A
kb, XM EEYC (B BERFERAENSE
P RREER, BRELABERENF S mE
K, BEETERMOKFELVEREENNZE&HE .
MESTLAEL, #REALE S, REBREN
BORAW TRRERKRGERTELEA, XX
ES5KEBTEEMOESHREX. 0 o ik
FTEBZEEFEL. MARLCERAEN, 35
FhiREW#—-SW8e, FUTEREBE A

800+
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00 4506 500 550
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®
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= o o - o
20 X
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Bs TREMNERSEFTRKFMCRELS
A

LEAERYE: 2 SANEARNTR: 3. XEEMN A
L REMAELEOT R

EETEN . BAMTEN TREANE, BEEFR (1985 R, EFEHKBAEHAR,
AmMASEHE, TERNKEVREHETELBKR,
EMEE, SEEAEFROREMEERAL, TERNRFEACRARELE /D X2

43



T 75 T ROR B AL  BIR W& UC 1) CO,, A R M EC B 48, 2ok IR T 450,
ERTFHRESHBRCEETLRK, il THRNBRACEEGTUEES RN L F
MR EGHAENTERBRALRERN, REBENRN, HORBSOAT &2,
1. A TR & 549
AR SRR BEETEBANE LAY S AL ERERRE MR,
EHEEEENRERERCRAILSY (Hoering, 1976; Fowler 2, 1986)  76/8 1 16 22
PRME - ERNKBEEETCRENLAY (Fe.

Ph

Can

M;Zgz

“SCAN
BEe MORARGBERN M/Z2EEREAEEAE

MBEGTLIE L, MERNKERCKEL I EAEMARTERREZ T, HEREY
B, REFCKHSEHERYREBEEZHEIL, &£ Cufi i), _EE2HHEBERR EH
TRENEHERY, FHEENIIANFIESKEFOREFILSOHMY, SRATFRERED,
ENRAHXRMAER R BA, EASZANASRERCHERILGHAERL
C;Hl Co 50 #¥, Fowler #t Douglas (1984) #HER I M5 AL vl fE S5 B dp Cu M Coo B I B
FXR.FB5%, Allan % (1980) RHEEBRANABY P HFERTTEAGEERCRAILEY.
BHHENROAOREPERETCTRBATHENBESHEAFFE.FRT, De Rosa % (1972) W g
WM W Bacillus ocidocaldarias PEMBI EARBC,HCou- O HEWWE; HORE
HNERRE, BMXSEEFCHAEAINLSTD I AEH R E K EN e,

HMARKHAR, REFCREETERET —ENEL (HD RREREFRCRYE
BILE R, FEdAs CoEB R Cui Cu: ELOCHEN, REACKERTIABMIESST
i, XMESEBARERCRWRFERER L,

5.0 RFHE, 14-Bi R

ERBEBEERERRSELERPRMNB - BN SN ER, TN M/2365
B Co~Ca RIS (HB), ‘

DFFHHS, 14-HEERIILS P d Hussler % (1984) ERBEEFRIE, H&854
GHEARBIABS, ARERETAMARTEHLEE OSR4%, 1988), BETANL (U
., 1988 EWAFEEPRNS EILMEH, EMMAR Cu~Cy; EREBTEHM, ZED
UK Cpu~Cq; MEESBEMHKBEHREER, DFFRLE, UW-BIEBEU Co i, R
GHEACoy~Coy XUARESHEFRARFLHFAXL RERHEFT D EFHLKE, 14-HERK
BafRCu~Cu, MEEEHMBHESHNERESE R,
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B7 ROoBafM/Za2hBEAHEE

%F DFF LRSS E, Hussler 4 (1984) # i D FH5HES, 14-WEEE hifEX
HEVERNEAT,.C~CL ABHHNERAIT N  FEZRLEYREEFEREMERE, W
EHBRUHA TR REANERN . FRXLWENEMEF BT DFTHES 14 HE
RECEBNAPEHER HEFRPEMAT Cof Coull FEHER . HME R.=0.46%,
XA D R FMHE, 14-EREhM I AEABET ROV S ETRES AFR
MR AZEREAEE, FEAHENZXCSONERTHSHAENESE X,

EREBREPELRIB T -TRARRBENEAY A (EHS, EHNEER M/Z365, 218
FhM/Z406, AR —ME L HFEREN D F TS, I-BERELED EFEE
. LA FFEE, MIAE00CENS, ASHERIFEK. I, MEREA®. Cof
CoD 5468, 14- B EEMEN T BEUEL T EREES D, Cals CuD H51514£8,
14- 9 BA Y I (B KO, 62, A E 200 CRI . W HE 4 LT, Mo, 63. MABI300 CHK,
AR 02,7350 C BT D F IS, 14- I BREFH X (Ro=0. 022 . kT,
DHRHAFHEERE R N6 UERFFERAN CufB N Cay B R~=0.92%, MEBEX
mAELbad.

6. §¥. R

EEENEFERERP, SAREBEEN G XE4Y, G- LEEMI7S
(H). 218 () WAVEEAVENEHS K. MEMBRARNAR, EMEERXBEN,
HBEHRENTEASLENRBRHOABTRER (HD.

ERGHLT, REBEFAREMASHEE, BRAGRXFERKPERN. . RERER
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Mt bl Couliti hE, CoBfR/ColiFaR0.1, Bl
afCy (22R) BIX SEX RN, K2 HE S EH R HLie-7
HR AT, FERUCEERA-A13 (18) CLH RN
g HHEATR, Sk, BRI GRAESTRESAR
MEEFEFINGFE.EERREMNAS, Q&SRR
BMERMABERBEHFT NN NWENNE R H A E
300 CIBFET (R,=0.62%~0.56%), B4 WHT Y
RLaBCo BIE A E MM AR ITRA.

FEHEPERANBRE R, EROREEEENKD
TREBESNMEHYT W ENE . mFE200~350CiR .
HEBHEY R EXTRERNER2HTS (A ALY
Sa(H) . 14a(H) . 17a(H)C,, # 52205/ (2054 20R) H 17« (H)
213(H)C;, 1228/ (22S+ 22RO AR SR HE T & it
RE,. ZXVHERGTHNALBATHERORAE, HEH
Rtk B FRENEENRRBRETUBE - SFHB
BARENRAEERAEERY, - FES RIS XA
AR LM m,

R

RE

M /Z 365 Cxy

M /Z. 365 350°C

=. & it

(1) TRERTR 47, M RN meRYE, Hil
SREHBRHAT ARBLNEN, Ha T ATRULE
FEEXEN . BHEARMG UEETH THEBERDEMLY
BZHERAEALREER, REARE. :

(7N AEXRBEERN, - EXZ5 RIS HAD
MANEERNER EERUERS, FLRLERANER

CztH
178(H) C=H  CaH  apCx CuH  CwmS

OEFP 17e¢(H} fajag fosef afCx S/R+5 5/5-R Ro(%)
0 2.0 0 2.0 0 2.0 0 1,0
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i Gy g
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400°C- ! / ;/ & -\\

BlS 32 & A B0 4 0 B A 36 AL 2 AR L
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FPREZMOEE, FRAXFEREMAIOEFT, REBAN R ERTRAMEE S, i
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B, BRARBESHETREAWE S,

) EERAFELT, S5, BENTHAHAARAEFNNYNEREFHANEERSGR.,
ERBFRAEEHSR, BiRATHERXOERED.

4) EERCREVBEAAENARD, FTERADER, HESHAYRESTH.

GID A FH A ERE Re=0.66ER, TEFRIAN Coff N Cp, M R.=0.920
B, BEXERLHEK.

FTESF R

AHENT, 1981, S, SNARBEERAFR ST SRR LR, T I kb,

ik, FEEOMHTTE. F4A. 1990, EEM AN EmARLEE, IIRamFERSER. 11 (O, 7~11,
BikA, FEE. KET. F4A. 1992, BERSP _WERASHOBRNLEE. AHhER. 13 (2. 27~35.
a7, 1988, WMEEAFANMENRENKERREN. THXRBE, 10 ().

EEg., @ikg, KETF.1902, RABKMRONESFRAER, B¥EER. 3, 237241,

Fowler. M. G. e af.. 1086. Monocyelie alkanes in ordovieian organic matrer, Org. Geochem. . 16, 815~8231.
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Je IR e HE A AR T SR BT
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BEA KRETF ERFE

EXHKERY, KA BT LEF TRAEBES REAER BN FHHF.
AT -%AR. ORUBHAC)/ChABREHR . EHR, 4AE Co/Cull i
B Coutbt. Colb My Bo/cf HAARAMER A THESKITE, G2 TFEH
£%7|  BEEA, HEAAGAH Y . BEEFRES LT, BAF . RELAAMNET
EH; QAN T AARART R EH B RRAN A LTR, RAMEEENE o,
EACEELIE F

MEMTRIBRNIRRBINAREETRY—TEEARF, LWAWRFRCIHET Ak
BRFEFXEATNMRECZTEENGEER RFRA, Ff2IR8RE - 1TBKABELR, A
PEEXRINREEREL . FUERMEEATHE IR AT AN E —EMER, W
HROEUIRHRETUEACEREORRER, B RN AR A RS NERE & X
EFTRAMIUEMAEGRENALEZRETEAENEFENRHXE, BHRTHERTIENA
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| MEBGEFHIL RE, U5 %ﬂﬁ%ﬁuﬁ B3 BRAY 3 2 B0 AT R AL 89 40 4 . 3R

BEBRFHIRAZER SRR,
=, SEENHRIENR

B LERESMEERHE, AVERMZHEEHERE, ENHES S M HEN
B - HEE, EEHES TR EA.

BHEGR, FEERAXE. RTHAIMHFERBN, T ERETREESMILESHEANE.
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Y. XEMHEBREF R FEBRRIRESOHBFR, EHSE REM IR @SR BIE,
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15 (M/Z 39 ¥R g, M/Z 163>M/Z 165, K DN~D4 R M/Z 123 8RB FHMEEF
B M/Z 123<M/Z 163, DS~DEB R HFHBRM/Z 123 BB BT, M/Z 123>M/Z 163,
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WMESLELBANFRERER, 160 (H) -BHEKE/168 (H) -BH 5 158
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2} CioHz 252 237 | O HREAHSE
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FEEA IR EAE IHEFE

EAEREREREFEREZDHNTREY, BB BEIFR=ZEXbsdl, LoHF
BATH A%, AR — REFLENTINR=#H; BEA—RAHBFEHC,#
Wi CH ——UAAHAH S ENEHEEF30-BHER CouTs) FHE; DA —-
MU Cor kB ZFER UCT2RHNBEHLRENCERIBEXEIRZF AN
HFRARAZAEE., REFAFABESHEWRYMTERRA, HATURERXZ
EENRFCECR RSN LR IS EREN. AREHABEELTRE
EREAEACHRE BE. CEXAUESPRTHEACEIEARES&H4T; DAY %Y
FEEFRA-RAHBEREREAXL, P Cou k=R UCTZHAETREEF
ZHRETERBFAEFTFARAN. XY AN IR ZHEE AP EFE SR LT
TH#. -

EA=HY, LHEERAF BAS AT EXT BB N MAZE L 5 Ensminger
(1974) BEWBME T HE M Cor~CoBBMBRBAF=HAXES, FIANTINRETE
% B Seifert (1975) B A BB 00 40 75 B SR A4 SO AT T 22 W /W MO/ S Y B T
#E,Zumberge (1987) BRA M B FEPHF FERE THIT A HBABR YA H SR EH T
B HEMHEL, OBHE, ANEY C,ERFEEnmIRL, OFRKEH, HYEK CoH
Co=AHHRMAR; DEKBH, HATEEH C.M Cx= R OBBMERM, Cu=5F
W5 Cu. ColBS M Sm. ASE (1980 HETERLSHARBENEPAGSER
MR RREN A ESS T, B Cul s >Cy B b > Cou B 52194 A 5 E . Peters (1991) 3@
SR PH Co~Cu A ERUAYHHHRER, AEEMNAGTHTR S AHEE
R BIA VLA R B AR R R Co/Ca~Cou A BN B ZAREERTBERFME,
BES (1993) HHREEBEAYEXBEHEYT LT, BRETERFNUCBERS
BRY, HERCIOS T SHBEYEX. AETR, BEOS R CRS#aa RN
MR E L EEEERER N ERBENFR T RN LA B XN ER SRS H A
K, MELSEENIMRIE, %444 58X 50 B8,

—. B@mia
HRATHMESBEEN . FIABMBRE NIRRT ENRRESTTRERN: #8558
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AWMH K201 FHEBRFEY. $HE100C, {818 2min; K4C/min BEEHEFT220C; LEH2C/
min HEEERFEFEI00C, HE0nn . A FEHEREAGBERT0V,
XEaEntehEEsg R kL.

1 ZR-WRUEEGNBSEZEER

Zlﬁ%‘ﬁ HTE HA=g Fg : a T %?ﬂi b

1| CorHgs | 370 N8a(H)-22.29.30-Z M F M5 (CoyTsd 200 CaoHse | 410 Ko EFR =854

2 {CauHsz| 412 |RHA Calf UCTL 20b{ CarHsa | 426 17«CHY . 218(H)-30- 71 E & 225

3 Cmi—hq‘ 370 N7a(H)-22.29,30-Z B L (Tm) 21 |CaHa | 426 P7e(H3218(H)-30- A ER2IR

4 1CorHys ! 370 L78(H»-22.29,30-= B ER 22 |CsoHsz | 412 [T MR

5 | CooHso | 398 [17a(H)-30-R EHER 23a|CyHse] 426 {178(H) 21e(H»-30-F R4

6 |CooHin | 396 BO-BFHE-13(18)-48 23b{ CaoHsz | 412 178CH)Y, 218(H)- 24

7 | CosHsn| 398 [17(HD,218(H)-20-FFE R 24 |CapHze| 440 N7a(H).218(H)-30,31- - FH L 228
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12| CaoHgz | 412 {18e(H)-M PG 29 |CuHu | 454 17atH) . 218(H)-30~32- = E R 22S
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15| CosHzo | 308 [178(H) .218(H)-30-RE H 5= 32 |CsaHsa | 454 [17F(H),21e(H)-30~32- = A W% 22R
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17| CaiHse | 426 |17e(H-30-A K EH 34 |CyHeo| 468 N7«(HY,218(H)-30~32-M 7 @42 22R
18| CyHsz| 424 Bo-#Z-172D)-#8 35 |CasHez | 482 [7e(H) 218(H)-30~ 32-H A B 42228
19| CaHs: | 424 30-HE-17(213-#% 36 {CasHsz | 482 [17atH).218(H)-30~32- L A IR 22K
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FERE, HARVBEANXIMIHER.E -SRI REEELARE VT . EH

RMEEFHREREEEE VZAAHAEA, RETESERA-RKEEREFE (B6),

Heij, TR ELEREE E@E?ﬁﬂ]ﬁilﬁm?ﬁﬁ; Sinninghe Damste (1987) QLR BHEE
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M.

5. M-A-H, EEMS, 1-HER

FEREMBEEEA-BAREFRME —ERULEFR-A- 645, LFH-A-TERAS, 14-
sk, ENEATEIERE, BHAEEENHRALFE L EHIMN N REFHEMNE 81
G B9 REFR-A-HHE, TTEER &G C-3/ C-105 3, EHME R A FHREEL
BEHOURSHAENSESEFX (Van Graas et al. , 1982) 58L&+, TREEMER
R-BAKHFERERERPA B PHRAEEMARBENL, KEHABBRBIIN, EHEF
B-A-BEELER BEXSERFENRERANE, CHYEETAEFR-A-BHE Spyck
erelle et al. , 1977; Trendel ef al. , 1989; Wakeham er,af. , 1980) .Simoneit ¢1993) #ife —
BREEGSRERERBPERLEGYHRMEEANY, ETRAFH-A-MD%R. AT, %k
FONBERIRERENERRIELEFTBR-A-BAlk, GREAFTH-A-INZELE, Tgy
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(1) Kbk L@ S ER .
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ey 50 RERAMANFEE ML . Schmid % (1987) # 2, S-ZHRENZ/LER S
2, - TR EREAERAFHAREES LIRATEREEARMEE R AR A EEME T
g SR C 6, SARMRAM, HSEMWERYFHRATHE, #HEN
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4 KR BT A (Sinninghe Damste et al. , 1990),
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A, xRHoXSCHRTAFHALBENT LA AEV eI ETRENEY
HEEXL, TATEREREANEHF TR, B 3MEHREMRF AT R,
BefaM TEROOCHRBLY, TESMEH. R TFALFRAREL,
F,RERCAAWERPHAAGTENARCAE,

HRBAREEANTOBRATERVAENERTARRS. I THF BT EFE
LR - R ZFE, W HFEFEPRNHT A EZ B ATIHEM (Chaffe er af. , 1983, 1984,
1988; Hazai et af. » 1986; Strachan er af. ,» 1988}, Stmoneit (1977) I F L _FENEHE
S R#STTRAKBI. Alexander & (1988) I T— X RARSH, ¥UAFHHBH
B AsE, RETHREMXE, BEABKE. BRELR, T&EEdENEMHERERPFEHFEY
MAERBERE. T TEFEHAEHEPEZRTEMEME T RERNTLIE. B, MR
FERERMNEBRCSIERAGWEARHER ., EXXFENPTIEFENFZEEEY. &
KAt SRS REERNBIEELRERFEEN.

—, HREXE

ESRBRALUAZESBHIBRTHTEZZHEL, R=0.46%, HPEILEHE 5 AW
MEHEANE, S2EHM01.6%, HPERBEK 8%, MBIEK10.4%; RHAANFEHEAT R
B, A 5. 8L 2.5%. _

HEOBBEIC0E, ZREKWHESRTHRE, BHE=9: 1 HIBAFHENHME 48h, FEKME
RYWERECESTBBAFEZES . GC/MS 44 A Finnigan-MAT TSQ-45 & GC/MS/MS/
DS B, 6 &4 SE-54 AR EMEH 30mX0. 25mm, HEE 0. 25um, P& 30min,
5 He, iR, REER 70V, BFHREREE 180C,

Z. FREM

HEBEHEYHF B RIC A 18R, HLEWH 6 £ 65 MFRALESY, MEEEE,
REFINERY, EREMAL LS EERN 88K,
EEFTEREXBRERGREEMRENE, B 00RERIERER, B TRZHE,
At REmAEE. B 1F 6 T RESNERGRESAE L, REWHNE 2 Fx.
RER1FPRIFREVSGRITENENT
(—) FH I IIRE L
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ETHINPARER, KW SHERRFEMEIERGEHBL2ENTE (A2, E5¥8
EREHENEERSR, FERSEHN T HEIBPT . BECSHCOE-TFEMERK,

4 S0 FERT S E 4 W, NEEASFENMEEE M/Z 14, 488 M/Z 155 F1 M/
Z266, HEMEKBRE 6 SRR, K 2-30 5-H EHFEL

(Z) FHRA=ZFRER

AR SR RS S0 M/Z 131 B M/Z 255, HESEME 4AFR, B4 )
Hi) a—g S TEH 256, HFbBE A B-EF-BEMIE (Li Maowen e al. ,» 1990), ¢
5b @AY, XA EHNEAMEERREM, BRI LHARNE. 2 (68). e 85), [ 1Y
SbhuERE, Bk M-20FERE, HEHEAHBEN Co, AF-BF-ZHE. B 4B FH b, {,
g. iS5 c, e, d, hgiBEME, BRUEANRAE,
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MEbeAiA, WMEAZHER, WARENK, REEEENEREREREFAOLIRS, K

C-4 8 C- 13 I BRI EREE T MIERK.
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10| B 8N F 2337238 b 38 | Coer A, B FF-XL35-BE M| 47 181/346 MI
11| #45 197 /268 359 | Core A, BR-TE-B AR 195/360 i
12| A, BR-RHF-REHKR 168/238 a 40 | Cpan A F-BRFH M K B4 145-378 i
13| Cirs AVB, CH-ZF-ZHEt 2057220 MI |41 | Cu. AL.B, CH-ZF-HF =K | 257/342 MI
14| HEAHSE 237052 b 42 | Cogs AV B.CH-ZF-LH = | 257/342 MI
15 &4 219/234 b 43 | A, B, CH-=ZFNHIR (18D 342/342 e
16 ] Cier Ay B, CH-ZE- ST 2197234 ML | 44| Coss A. By CH-SHEHIS 257/34% ¢
17 | Cios A. BE-TH- &= 1182/252 ¢ 45 | A, B, C, DR-I¥5-Hm Ak 254/310 | f. g
18| Cu A-B. CEH-=ZF-"5FfFm 2197231 MI 45 | Comas A BHR-TE-AH =K 209/374 i
19| Cus A, B, CH-ZE-ZF L (219/234] M1 47| A, B, CHF-ZFRAIE (18 342/342 e
o0 | Cos, AMF-8. 14 WE-PUFEEL  |187/306)| MI | 48] A, B, C. DH-IF-FRKR 281/324 8
21 | Cpy MEREDE 230/230 ML, RT|49 | A. B, C. DF-M¥%-FEEL 281/310 | f, g
22| Copr MFE-RA-EFZWE 207/2821 MI 50! A, B, C, DHF-ME-5i# 308/324 e
23| Cozv MF-RA-ARZWH 277/292| ML [51] A, B. C. DFR-A%-AME 288/324 e
24§ Coey M-8, 14 B-PISFEIR | 187/348| MI 52 ®H 320/320
251 Coge TWE-8, 1A W-TL R %M |187/374| ML (53] Csy FHER 197/418 MI
26| Coy ZF-RA-RAZHiE 218/274 d 54| A.B, C, DR-IR-AR =% 322/322 | . g
27 | Cogv TH-8, 14 Wi-TH =% |187/374| ML [ 55 | Csre K HER 191/432 k
28 Cosr =35-8, 14 - Z8ELR |169/342| e 56 | Cayr X HEIR 191/446 k
H.MI BigERE:; RT F9E. BEEEF. "GOERLENEFT LY, 1987,
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s B =

. Maowen (18903; b. {8 Simoneit (1977); c.

. {7 Spyckerelle , Thesiz (1975): e.
# Chaffee (1983); g. € Chaffee (1684); h. 4 Hazai (1986);

. # Hueyching (1988} | @ Maowen, Thesis €1981); k. {8 Hussler (1984)

HE Wakeham (1580);

£ Chaffee {1988);

(=) FH s, 14 BMMURFERN S, 14 HF =Wk

XTFEML S, 14 MAEAR-HEEOHIRIE (Chaffee ef af. , 1984 Hayatsu, 1987), & ¥
A MiERBTRESTCCL 2B NAMERATMMFLERAIG, 23d A, BHD, E ¥}
A, HrZz— i, BEHEM/ZZA54 TE TEAES, k4, SHEEXEHER D, #
HETEIESTERATRAESH S, 14 BIHBELEY, HoHmRAHIE. 20 S EEH M/
Z187, M/Z119 5187 ZHEATE TR 306 H%E (NE 3, #RT Ci—C.BEHREERH
KRR IE, M/Z187 A= B EBRMAME S/, M/Z 119 MR =2 F, HUfElREH
B 2 FFiRE Coy WH-8, 14 W-TUSRBELE, RIEHER 24 S8R Cpy WIH-8, 14 - VUIRE
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25, 27T B BIEMAS TR H N M/Z 187 #1374, HEHE—F, WC,—C,HHE
EREASM/ZHESHES, BEASESTRUHNBFENFHELRARTISHEERILEY.
25 B M-15 R, HERTH A, DFR-TLH-8, 14- 585k, 27 S64EX M-15 B F, THE
EA, DH-RF-8, 14 BAlS.,

36 SEMAREAEFMDIFMERR, 295 M/Z 1601 M/Z 201, ##HENA, B, DH
=F-8, MU W-EH =0, MW 2 Fia. U ENERSERFEESS RIC BP—34 8, 14 #ife
48, WA RGN M/Z 169 8 28, 29, 33, 34 S6 4515 Chaffee (1984) RIER B, C,
D.E G, FHEM/Z16%, 187. 20l FREBAEHLTHLH KM FEFEREH TWALRF
b, SESRANFRKEEBTRN S, 14 HAa%, FKitd RIC &M 13. 14%, EfII6EH
ERZWASWE NS B FRBRMEATERE CHFFRMABM (Chaffee ef al. , 1984), A
AESFEEETENFHAREKAERER (S RIC ZHMEM .65 AHEF L, SERK
RMAMHRERESIY T ARNARER, SRRIBPHREYFERBLEREE.

(B Fib I

HERPERAFHEREEROMERIF=, FRMT.

1. AR-2FEHFEZH

35, 37a, 37b, 10 B ISR IS N M/Z145, LSSV HMELE T BT, HF 40 S6§
5 1.i Maowen (1990) i 5 Cu, A - H HF R DN A BTN EEEY S . 37
5 3 B 5 Hazai % (19860 REM A -5 - A B =05 H M, FENEESIERE LAY 35, 37a
IR A-FR-BERME., SRAFAFEEEENT T ZHAGY. K935 5BE—1TFH
A E A2, b BE—-1ER, RRUEMNFHE.
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346, 181 fl M/Z 360, 195, WK S HANFIES, HP W EHERCy, A, BH-WFHFA
Fl4z (Huly-ching ez af. , 1988; Li Maowen, 1990), FRRIHER 30 Si& (B 3) H1 38 F &4
REA, BHR-F-BRRAGXES IR, B2 FRr, 5RIEGHEHNEL.

32X bar g

41~51 BIEHRR A, B, CH-ZFHA, B, C, DH-WHFHEA=ME, 2R PRCE
WHR PR (Spyckerelle, 1975; Il,aflammc et al. s 1979; Wakeham et af. s 1380; Chalfee
et al. » 1983, 1984), (A WL SHE MR HEMA . Chaffee (1988) B HPLC ¥ ft H-NMR
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(Wakeham,1980). I S ARRNERKA
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R, AXmM C.—C i C—C SR LER N, FHM/Z 197 FiEE, SR, M RN H

fft— B STIE

R2 FRUESGMZEKR

L 253 it & B £ &K 9T 3 &
1 Car ABC H-=F-THR=HK CeaHlzo 4] ;M1
2 Co ABCH-ZE-IHRZR CoeHae fox
3 T-H -l - RN CozHig frg
1 Czs AVB.CH-=XF-HAHF =W IR CyeHao 423 M1
3 Cos, 4. 0.C FF-= 3 MF| 5. 158(HD CzsH3o 431e
& Ca5+AB.C F-=F S 4 Cas 30 44 ;¢
7 Co» ALB.C.D -1 HRE S R CzHoaz f.g
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FHEFRSE, 1992) MEXLBREMPETE— RN FBH M/Z 1544140 (n=0~5) H)
EHiat, EINEERRE. €%. 1, 2 _84E=1H5LEY. EMNVESEENLR
MERBA.IR-REFE. ABRESHEFUHX . EXEZHBELT  FFELERHE=
HEENFERETLEY . XEFRRICEADHRERERE /D, B ENBEHIE, B HE
B, ERTEH FOEE, BHAFEEZEDTAEGVHSWRE L THRERN, EEEEY
HEEMFREEWRS, SEFRECIIORBFRENS AL, WXELEWHTOERE
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—. RWEFH

HEYBMAHTATHES, HBBRZEIH, AFH=ZE Pkt sh®sh, 2R ERFEM
HEEZBERNBIEHPFTFAFHIEFNAOEFT A CHOMBARELRTETR, REEAH
HHMNBER/ELESELRNE (AHBRECKEEMBEN., FR (CEBRKEIDPE
FOMIELE Q180+ Z B E R o8 A 55 1248 4 7 Finnigan MAT TSQ-458 GC/
MS/MS/DS ZHZ EHATERS . CBENSEMBHEAZEAETH, HK30m, AR
0. 25mm, FEBF: 100CHERImin, FEL3C/min FZE300C, 360 CH{ER20mIin, HSHN
He ik B TELTE, BTRERT0V,

~LEDBUMTEYS

EERWRS, THER TITREESMNBEERS (BD, &% #H (OF), 1, 22284
% (DAN) £/MFITHE, Z3IMHERPM/Z 154—M/Z 224 B A EBRNEI~BEHIFR.
ISR ELEY T LEEAGE, A—TTHANENBRERY,; ANFHIMERBERFES
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H Ef, 8 9.1 6.9 21 3 19 57 45. 6
E.iniEad<1%
3 MHEFUVBREERRRSEIREEESED
CENES SRR R A 2
WM | 2 BB R AT H 1% P 1 i rKE Rl 2w
(%) (%) Q0% (mg/g) g WA
Ed, . 39/4 0. 02/2 128/2 0. 33/2 ERR g 18
I Ef, 0. 70/53 0.07/15 262/15 2. 2/15 hEEZRE TERIE
Efs 2. 40/69 0. 25/26 942/26 12-4/30 s [-1.:%
_ ~ H—4%
Ef, 0. 91748 G.1./31 4497/30 2.6/372 I.— 188
] ok o
Ef, 0. 63/4 0. 01/2 53/2 0. 18/2 ERERS .
teg Ed, 1.18/5 0. 03/3 129.8/3 0. 7/E EZERE nx
7] Ef, 2. 20/58 0.18/22 1062. 6/22 10-1/34 g ot B [ - 1,8

W BOGEAE. EBET. 1090, DAAMA MBI RLEZSHANERFRH LT OHDRFRBERAES.
#PMWFERTHE/ R

1.

. £BEHSFH

AR ARERET REE LB ,
BEESHAN T, RRAMMRAFEAIZANENTERNE HA, HERAM

117



FREMBEsMAREAEWE X HENRRRESS, "ERA+-BRA” (FERMFREA)
ERRIHETARERES FHRELHR ERA+BEA"SBEE, S2888BMN1L5%
~12. 0%, FH5. 6%, CRELERBESENEI AEBHREAI AR =68 (A1) FHUTUE
H, BRNFEKY, ARFHKE, HReREN “TRE+-REL” FBEFR LEIS0%, i
HHTFEEREREEENFER, NTHYEFMBMSMERBHSE T ETRDAER.
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BOEH, AESANEHLERISENTL (H2) . 8L, BRET “XRE--ER
H” SRRE, EENBRAEARSEARA. RS2, BRESH “SRA+-ERE” stk
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SABNMEBHEL, RENEERLSERGIRRA ‘KA BRAS, NEEERNE
HBHE, Wik, BES, SR TFHARNOFSTHS T BHTHFEE2RANREAL
B, BHE2H, REZRLSEKLGA G AT FARE, ‘WA BRASHEIANEH
EASAREANRE R TREUGER ARG £ R SICHBEE, BHEB HHFE, %0
T “EBHE” (Jacob, 1989 HAMVKERERENERB 2R, ZEBITHEAANE
ME S ERARENKEBNENE G EIER (Zhao %, 1990; HITHKRE, 1993; X,
1989).

9. RERARFAARBVREBAZEIZHARAS

B b, PN “ER44+BRA” ARNOERES HRO 1 “BHK” Kot HK,
X1t 8 I 0 R 0 00 D 0 R AL, TR — B BT R TR
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WMER AMARE. PHESHGERASERENBREREFRERE (K], RO, &
BUBBI4ZHNABHE. REMNFREAZRAFEGES o, LRREA T T IR TBRAK
AHAREREETHERENMATENRAL ERESEERRCRE THFIE, REMBRE
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D WEMNBEEADMESARETIREE GELPLES), AoHtd (Bly
Bk, o RE. EBES, EUETEFRY (EREEHEREMEEE) ERE OF
WHF&, 2, FERAFBREESED SRS HDRSETRARIE.

(OREMEEEREREEAS SR SERENANES MAKUE=SBNEHK
MENMERMASERE, AESETEN “ERA+KBRA", WBSFBRBEE, B KLE—
BB BATHAKME -BBHASARE, AEMATFERAASHEAN. HRE I
BEE; MAKME—R, BNEATFEilzE, BE_RERTFANE,

) BREENEREBABRT “EHRE+-FRA". MEMBLEES “SHRA+BRA" ¥
SASTEHREE RTFEAEZRE=SEHR, BKPRABEERSBHRAERERB T,
BEHASAEMBTFEARRAS RS EMER FENEEH 5.

DT PFESERELERMBEEBRERR 246, HESREE T AT ANE . ARTY
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TESHEAR
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mEA HNE

AXHMARQAEBFIN, RELM NG TEM T %, M TRASKBFTH
R.ERRE. BFHFASS5 BN THRILNAY —HRF%; FTHRHN H/C.
OQ/CHrerh ## 1460cm /1 600em "R EEA L EHH . HEBHN S,/S.. TH
RO OCHILEDRPERER, HHENEAH I, 1B FHBERERST., THR
CRANXPHBBRE CHEL IR THEL -F R, X HENSH T oM
FHATT AR, Bh, FAHTAR. SHANTERSAEK,

Hil, FRANSLREERIBSURIATRERNIFARAEZ ., SBEK
ENESLENBEREEEEHERSEEN TN RN SO RAEHT T, HHHRLE
THRESEEHIFIRTE, NEHAEN, PENRBMENEFTE, EHENERRH
S8, NHMET AN FREBMAAFRIRENES, BEXROFRIES, ¥8%
AEMURBNEEFE, TR BTSN IR NRF AT EHE7EUEN
R, SEHAHREMRRE, £XEEFS (1984), BHlIFH (1986) SN THRERANEY
MHELEATRTART. FRETHSAGTTRBOXWERY &,

EXLRENBETRT T ERIFEHMEEN, RREEFOEREE, #THARK
BE P EM TRESSXSHEMELYE. SREMBEE, PRSOBRBRLLHTTHR
BIKENS %,

FEEHRP EEXEBRT 25 MTRIARUMBHAERESR, FHEERTLHTHRBEHE
TEBTRA, FHTTTRELER. Ai5HE. RAVE. BTETE0F., E5880
B (Rock-Eval) FRHAFTWHR. A THELEERIATHERE R, UELKEL RN
FRFTHR, AEITENLEITAOKEZ—, EXHFMITES, BEBLZHERE, ANE
ERAMARERD. 1~ SRV TR TEKE, 16~21 FHELAMIRTEIR, 2225 S
A I BTERE, DEIKE, €E5%EET 888 (R, THTFEBRIXNWTRE. &
MEEMAT T 5.
- £1 BHERPNERE

WY |5 B 1% K 28 X 3|3 K 4)% % 5|8 % 5|8 # 7| B oms
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AR FGHITE THESE IBM PC/XT B HBEN S EBA, AT A MhFER#
RAETBEREFEELGHERLE (OGDAS) #ifTRERA4HEAM2HE R (HE =, FHRE,
1988), BB SR660Z RN ELEN FL&HA.

—. WESH

LUEHMEMEREBUMEREEHR, HRAENXZBUKKERRRTN, AL
MEFRSRAXEFNESOTILAT, BREEFHBR. ¥ THE-RAFERDE. &
BEESHXEREM, ERRELTRIAESR, ¥ALEE (ARS0. ZAERBATHEN
FMSRMR. SR FTEESRBEL, THEXBERTERTHARN, BRNEW,
BESEEEX. BASHRBINXEAEEEZN, HAFRNSRFTEHRTHR, FEAS
BRGERTE, MEEER, RAMHESAHATHRELHE, TUEXENER. Z2HF
BB —-KETHL, DEEAL, HERMBHASZUSERNSXAE (REE. FTHE,
1985).

mEF 2. RIFR, YEEBRLAH, ESRANHXRABERNSFATHRTMELR
REA . BRRFEITEETFHF-F, TUS2BREEMB.57%, AERTEIMERMEER
B, Am, £EWDLAF, F, TRTHEETENEENR TRBHSEREE.

R2 SHAHXRRER

B8N 1 2 3 1 5 6 7 8
1 ] 01572 | —0.0530 | —0.1227 | —0.5558 | 0. 4250 0. 4343 3. 0370
2 1 0.8463 | —0.8392 | 0.6194 0. 7652 0. 3524 0. 6871
3 1 ~0.5906 | 0.2825 0. 4460 0. 3856 0. 5803
4 1 ~0.6755 | —0.7457 | —0.3232 | —0.5757
5 o - 9306 —0. 2318 2. 2739
6 1 —0.1038 0. 5240
7 1 0. 1848
3 | 1
£33 TERIASNINEREFRIER
EF (% F 1| WEATHH RitBoH By %I H REHILHE Ritaag
1 4- 2842 53. 5524 53,5524 5 0. 3903 4. 8788 97. 3797
2 2. 0020 25. 0244 78.5768 | 6 0. 1550 1. 9375 9. 3172
3 0. 6300 7. 8747 86. 4515 7 0. 0336 0. 4199 39. 7371
4 0. 4840 6. 0494 92. 5009 8 0, 0210 0. 2629 1G0. 000

S, TRERSRSXRBUMOXER

MF-F,BTEEEL (AD ALUER, TEREMBAZEIZX, 2HAIR. 18
MERTER, PERRELE, HXRSMBATEFFRXBUFRMNEE, RZETERS
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KENERER . M24 S8R .22 585,

P BENEAFTER, HEN I HRIBS

e ME O ER, B8 BT BEANES %
HEFRATHHRERENER,

5T RAE R A8 E B A TR AR

641 ; B s, £ W e 80E %N
A FTEREDN. BEHOWNERMMA 2B

-1.18 “f ~0.57 11':2{“ ‘ 0.57 1.53 o BRERE, RARYRXE, 223K
N7/ | RAHAMEFHRELELBE—5 5

17 g2 PO, . THRE . EXHNSTR, RANERS

(:ééiﬁﬂ / HWEERY, REAFRANEEME
B ETEBRKL S, 2 XHKERSEH
2N HJ/AERREE, WETKCE R, B
e 4 082 o7 RS T BREEEN T BBR.
1. FRAM 5 £ R4 eh A 3
Bl TRESXSHNENNAFET TFEL R MEA LA EY, 2%, 286, &

: L oWk 2. BRG JQRT: 4 KET B2, EBEIMSBHESEF TRTHMLES
ERAH L, XEAFBMHC, O/CFEH Tv, So/S: R TR HKE 1 460cm */
1 600cm ' ETERDERFSHEREXR. TUAELNTERIENFTHRER. RFSHZA
B e EHEERBX, BTHMRH/CMEE L E2XNETX. 2RI TERO/CH
BT ERLEL, BEIEF HERGHETHEEH TX, —_HHIRBINENEIE.
HEAESEFEFMEAHNER, STHRERT L. BEARBEASAMNHEE/RIN, 22AP
PHRGENER, BEMREEA, 2ANUERE, AREERH, 284 THRR MCHBEH
fLEREEWS, FTEREEENANRAEEENEE, HAoEMRKXE.

B, BE5, EHROHIBTHREXRERED, BMEH LA S,/S: XMHK) I THE
BBHEN. 282, SR 3IMSH L, BTHI|H/C, O/C, TRHRHFRLMHKIHE 1 160cm™/
1600em 'S 1, A, BTHBRAXETY., ERENMEEME S, ARIBEMS HE
¥, EmNETFEEH/C.O/CHMTERLI ] 460ecm /1 600em™ B2 H{ M BHF RN EME
HEFHNEXRAIEFZEEN., FELYNE, ARTERCC(BHLH YBEITTHRE
MU BEERF, HES TR TREXAEY, YERAKITHTRBER -—EEX.

2. FEREMSEALAHKGMEMN

WE T A LEL: 285, SR OWHEERE. MERREITS./S: ML BHA
ERIFHHEELR, 54, B 2. SUINBW S HAFREFVHXYE. RESSHENHE
¥EANERE, RGURBLEENZRAHEEBERR : R..u=0.846, R,=0. 765, R,;=0.687. &
B2 51 nEE, R, ——0.830, REEHEHHXERFHAERAN. Brat S,/
S, EMMBERURE RN THRSEBOITEN _AAREEHZEL. W ERRENR
SEHOBEARZE, —EHRBTEARRITLEREN R, FAUEXHEEH. A ERE
BALUEBE, Ru R Re,MERHNER. B 2. THEIRH/C 55835/ S,/S, M
B 6 ER o, B2¥ 8 FTHBLIMHIE 1460cm " /1600cm iR E B RIF. FUBERTINE
RS T4, AT FEMASBSEH H/C kR BE 8 5,/S:, Iv., TEHBEAILIE
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(5) X THRIRSWMEAEIR., EFULN, HATERCEIFTHNEREELFER
ETRRIEER, ZRRESHEN. BENIHRHE.

ETESEZIR

W FEX, 1986. THREAMNSUMNETXRERRLEL, AHaRAELEA+N. KX, Gl ddad.
WHAF. 1984, RMEFVEBEARSHE, 8. AT EEL,

A=, WA, 1088, AHMMLEFHRLERE, TR OBRFRER. 10 D),

REE, FHh. 1685, MARTIH. LK. BEHERL. '
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W-FFHESTHNSE, AV sAEINTHREERAESM MPV, RIEMAEEH IR ERERFTE
R, MEESEEFIRE (GB6948-86) #17. M FRZEXSHNIL, AFRFEFENRE
(Jee), MFEBRTERE K O FL/GE (Q) WTE, Bl 100W BEERTEEE,
i BG+BGu+ KA EBRHAS, WAEAE. G- HEIHT2NESHR GC-9A B AL
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=, REFEVEERERILARASIE
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APPROACH TO TERRESTRIAL PETROIEUM
GEOCHEMISTRY

Hou Dujie Wang Tieguan et al.

Abstract

Part I Immature and Low Mature Oil Resource

1. Hou Dujie, Wang Tieguan; Preliminary study of immature and low mature oil system

Immature and low mature oil resource is an important resource in China. Based on sev-
eral years work on this domain, the source rock evaluation, oil generation mechanism, oil
migration and characteristics of oil reservoir in immature and low mature oil system have
been analysed and studied. The evaluation standard must be properly changed to adapt for
special situation because only parts of hydrocarbons are released in the low mature state.
The low mature source rock include fresh water lake sediments, limnetic sediments, brack-
ish-saline deposit. They can early generate hydrocarbons by many kinds of source (resinite,
suberinite, Bafryococcus, Coccolithaceac, microbe improving organic matter, sulphur-rich
macrogeomolecules etc. ). The expulsion of low mature oils is still drived by the pressure dif-
ference of source rock and reservoir and is characterised by the favourable expulsion and
shorter migration distances. The low mature oil expulsion show that the immature and low
mature oil acculmulate at the inherited synsedimentary trap which is near the source rock re-
gion and has reservoir of greatly-improved porosities and permeabilities. ,

2. Hou Dujie, Wang Tieguan: Immature-low mature oil in continental depeosit in China.
A review

A review with lots of references of immature to low mature petroleum in continental de-
posits esp. in Tertiary basins in eastern China. The oil types include heavy oil, waxy oil,
normal oil, light oil etc. Because of their low thermal evolution characteristics, there are
numbers of biomarker in the immature and low mature oils in their total hydrocarbon frac-
tions. The Cj sterane 208/(208 + 20R) maturity index are often<{0.4:1. The organic
petrology and petroleum geochemistry studies showed that early oil-generating macerals may
include resinite, suberinite, and some kinds of algaes (Botryococcus, Coccolithaceae ete. ).
The low mature oil generation mechanism was disscussed here in. The statistics indicated
that the immature and low mature oil is one kind of important rescurce in China.

3. Hou Dujie, Wang Tieguan, Zhong Ningning, Huang Guanghui, Zhang Linye, Chen
ZhiLin; The oil generation mechanism of immature and low mature oils—— Hydrocarbons
generation of sulfur-rich geomacromolecular organic matter at the early stages

This paper mainly focus on the study of hydrocarbons generation of sulphur-rich geo-
macromolecular organic matter in the brackish-saline deposit based on the typical analysis of
oils and source rocks in Dezhou sag, Bohai Gulf basin and Jianghan basin in the east region
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of China. The sulphur-rich geomacromeolecular organic matter exist in the blackish-saline de-
posits system, there are higher concentration of organic sulphur compounds and higher con-
tent of NSO and asﬁhaltene fraction in oils and source rocks of that, The kerogen has higher
S/C and the main source input is still dominated by algae and microbe source. The study of
evolution of nonhydrocarbon, relationship between the richness of organic suiphur aromatic
compounds and scluble organic matter transformation ratio and relationship between C/S of
kerogen and A/C of the same source rock ctc. disclose that the existence of sulfur in organic
matter play an important role in the early generation of hydrocarbons, The model built by
the actual source rock also show that the early generation of sulfur-rich macromolecular or-
ganic matter in the range of R,=0. 2% ~0. 6%. The main oil peak occurs at the stages of R,
=0.35%~0.4%.

4. Hou Dujie, Wang Tieguan, Li Xianqing, Zhang Chuanlin: Biomarker assemblage of
tmmature oils in Hongze sag, Subei basin, east of China

Biomarker assemblage of Hongze oils show that the hydrocarbons constitution can pro-
vide very useful and accurate informations about precursor, origin and sedimentary environ-
ment of the immature oils. The oils have typical biomarker assemblage of hrackish-saline en-
vironment for example Pr/Ph <{ 1, high concentration of gammacerane relative higher
amounts of 4-methyl C; sterane (Cy,2>Cyy, Cs), identification of Cy; sterane and dinosterane
ete. Through Hongze sag is near provenance and has higher plant scurce input, the microbes
(algae and bacteria) in brackish-saline environment are still the most important precursor of
the immature oils. The predominace of nC;;» nCss n-alkanes and distributions of isoalkanes,
antiisoalkanes, X compounds, long chain isoprencids alkylbenzene series, dinosterane etc.
verified this kind of assumption, Meanwhile, existence of C; UCT (unconfirmed triterpane)
also indicate that there are some special organism related to the immature cils formation.

Some other geochemical characteristics of the oils also disscussed herein.

Part I Thermal simulation Experiment

5. Hou Dujie, Wang Peirong, Lin Renzi, Li Shengjie; Lighlt hydrocarbens in pyrolysis
gas of Maoming oil shale and its thermal evolution significance

In this paper, light hydrocarbons of pyrolysis gas are studied by laboratory simulation of
Maoming oil shale. The study shows that the light hydrocarbons of pyroiysis gas are similar
to the light hydrocarbons from subsurface sediments in constitution. With increasing thermal
evolution level, the content of methane gradually increases and the content of isvalkanes de-
creases relative to the content of a-alkanes. In higher maturity, n-alkanes occur nC;Z>nCi 2>
nC2=nC,. This represents characteristics of light hydrocarbons which are generated from
rich-hydrogen source rocks. In addition, the indexes such as iC,/nCyy iCs/nC; are discussed
herein as well.

6. Hou Dujie, Wang Peirong ,- Lin Renzi: A study of the composition and thermal evolu- .
tion of organic matters in source rocks

143




The molecular composition and thermal evolution characteristics of organic matters in
shale, oil shale and coal are studied by using a thermal stmulation method. It is indicated by
the results that, the molecular compaosition of organic matters varies greatly and the distribu-
tion patterns of sterane and terpane are different from one source rock to another, however
the maturity makes the difference of distributive paterns of sterane and terpane smaller. It is
found that the type of organic matters gives larger effect on R, value of high maturity sam-
ples, and the type and content of minerals have direct effect on isomer ratio of sterane and
terpane. Due to these factors, the maturity of simulated samples of Huangxian brown coai
and Maoming oil shale is similar, the R, value of Huangxian brown coal is greatler than that
_of Maoming oil shale and the isomer ratio of sterane and terpane in Maoming oil shale is
higher than that of Huangxian brown coal.

7. Hou Dujie, Lin Renzi, Wang Peirong . Simulation experimental study of hydrocarbon
expulsion from source rocks

Based on a series of thermal simulating experiments carried out for the Huangxian lig-
nites and the Maoming oil shales and their products data analysis, some knowledge is con-
cluded in-this paper;

1) The nC;/nCF ratio of the expulsive hydrocarbon is higher than that of the residual
hydrocarbon. The Ba/af ratio for sterane, terpane differ greetly, especialy for C,; sterane/
Cy sterane and C, terpane, Cyterpane. Expulsion of naphthalenes, dighenyles, {luorenes
with low molecular weight is in preference to that of other polyeyclicaromatics. Heavier aro-
matics such as pyrenes, chrysenes and fluoranthenes are difficult to migrate.

2)Comparison between the remaining hydrocarbon and the expuisive hydrocarbon during
different temprature stages shows that their differences decrease with the increasing expul-

ston of the hydrocarbon.

Part I Biomarkers in Saturate fraction

8. Hou Dujie, Wang Tieguan: Dinosteranes in terrestrial deposits and crude oils

In the study of tertiary low mature lacustrine crude oils and source rocks, authors have
defected relatively high abundance of dinosterane in both the Dezhou sag, Linging Depression
and the Hongze sag, Subei basin. Results show that dinosteranes can be considered as a good
indictor for dinoflagellates source input and the distribution of dinosteranes may be used as
usefu] biomarker for oil correlation. Two possibilities have béen postulated for dinosteranes
in terrestrial deposit. First, dinoflagellate in brackish-saline lacustrine environment may also
produce the precursor of dinosterane because of their similar ecosystem. Second, the Tertiay
transgression may he responsible for this kind of situation.

9. Hou Dujie, Wang Peirong, Lin Renzi, Li Shengjie: Distribution of some diterpenoid
hydrocarbons in Huangxian lignite and their thermal evelution ‘

It is found that there is a high concentration of isopimarane and phyllocladane in-

Huangxian brown coal. It is possible that a certain diagenetic transformation precursor of.
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coal {possibly dacrydium) causes such a distribution. In a lab experiment, as the tempera-
ture rises, the simulation concentration of diterpenoid hydrocarbons decrease greatly. espe-
cially at a level of 300°C and the relative percentages of norpimarane decreases with maturi-
ty. The percentages of isopimarane and 48 (H)-19-norisopimarane change vary littie in the
whole thermal evolution process (low-medium maturation). This study also shows that in-
dex of 16e (H)-phyllocladane/16#2 (H)-phyllocladane has a good correlation with index of 8e
(H)-labdane/88# (H)-lahdane, the two indexs are all very sensitive in the neighbourhood of
petroleum generation threshold. The application of diterpenoid hydrocarbon in the areas of
material sources of hydrocarbons as well as their maturation have also been analysed herein.

10- Hou Dujie, Wang Tieguan, Huang Guanghni, Wang Peirong. Distribution patterns
of pentacyclic triterpenoid hydrocarbons in source mcks'

Four kinds of typical distribution patterns of pentacyclic triterpencid hydrocarbons have
heen found in the studies of source rocks. Type A has higher content for pentacyclie triter-
pene. The characteristics of type Bis in high amounts of 17a (H). 218 (H)-30-homohopane.
Type C has relatively high content of diahopane and nechopane series. There are Cy,-uncon-
firmed triterpand (UCT2) and relatively high content of C;s hopane in type D. The distribu-
tion patterns of pentacyclic triterpane are varied with the infulences of biological sources,
sedimentary-diagenetic environment and thermal maturity etc. Therefore, they can provide
useful geochemical information about scurce rocks. Based on geochemical characteristics of
source rocks, it is postulated that type B and C in source rocks are mainly related with sub-
oxic-anoxic environment, and that type 1) may indicate the reducing to anoxic environment,
especially C3, UCTZ compound may be related to some specific biological sources in saline en-
vironment. Type A is mainly related to the diagentic stage of source rocks. The unidentified
pentacyclic triterpene and hop-17 (21) -ene series are dominantly low mature samples. They
converted to neochop-13 (18) -ene with maturity increasing. The total hopene content begins
to decrease in R,0.5% maturity level. The precursors and thermal evelution of some triter-
penotd hydrocarbons have also been disscussed.

11. Hou Dujie, Wang Tieguan, Huang Guanhui, Zhong Ninghing: Branched alkanes in
source rocks of Bangiao sag, Huanghua depression, east of China

The relatively high abundance of branched alkanes have been detected in the source rock
of Bangiao region, near Tianjing city. The compounds inciude iso-alkanes, anteiso-alkanes,
isoprencid hydrocarbons. Totaly 61 branched alkane have been analysed and the retention
idexs of them are given in text. Base on the distribution of alkanes, authors proposed that
iso-alkane and anteiso-alkanes may have many origin. The improving high plants and bacte-
ria may be one of main precursor. The X compounds seems to relate to the microbe source.
The abundance of X compounds is controled by sedimentary-diagentic eavironment of source

rocks.

Part ¥  Aromatic Hydrocarbons

12. Hou Dujie, Zhang Chuanglin, Li Xianqing, Wang Tieguan. Arematic Hydrocarbons
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study in brackish-saline deposit

Hongze sag can be divided into three region. The source rocks of Funing formation
(Ef) in Guanzhen region and Shurhe region are respectively dominated by brackish and
saline environment. This study mainly focus on the distribution of aromatic hydrocarbon
bzsed on the analysis of aromatic hydrocarbon in Hongze sag. Result show that the deposit is
characterized by the high abundance of 2-methyl-2- (4, 8, 12-trimethyliridecyl) chromans
(MTTC) and sulfur aromatic hydrocarbons. The distribution of MTTC is mainly dominated
by «-MTTC and characterised by relatively high content of Y-MTTC and 8-MTTC in saline
source rocks. In aromatic fraction of brackish source rocks, there are high concentration of
aromatic steranes which indicated the higher algae production in this system, The amounts
of high plants biomarker which include 8, 14-seco-aromatic terpane, De-A-aromatic terpane,
cadalene, retene etc. have also been detected because the system is semi-closed and closed
deposit system (shorter pravenance). The long-chain alkylnaphthalenes are found and dis-
cussed in the text,

13. Wang Peirong, Hou Dujie, Lin Renzi: Aromatic hydrocarbons composition and
thermal evolution characteristics of extracts of lignite from Huangxian

Using GC/MS analytical techniques, the authors have detected a total of 85 different
aromatic terpenoids in Huangxian lignite and its thermally simulated samples. These com-
pounds are very good biomarkers and can be used to access the source materials for hydrocar-
hon fractions. From the comparison of 3 simulated samples differing in thermal evolutionary
level in conjunction with qualitative and quantitative analysis data from the 600 C pyrolysis
GC/MS experiment, the relative content and thermal evolution level of aromatic terpenoids
and other aromatic hydrocarbons such as benzene series, maphthalene series and phenan-
threne series are studied and discussed.

14- Hou Dujie . Preliminary identification of biphenyl series, dibenzofwran series, 1, 2-
dihydroacenaphthylene series in fossil fuels and sediments

The hydrocarbons which kave molecular weight 154+ 14n (n=0~5) often exist in aro-
matic fraction. The compounds include biphenyl, dibenzofuran, 1, 2-dihydroacenaphthylene
series and their alkyl derivers often coelute in mass chromatogram. It is very difficult to i-
dentify them in a complex situration. This study mainly rely on the compounds distribution,
mass gpectrum characters ete. for a preliminary identification. The potential application in

geology-geochemistry area has also been discussed.

Part V Insoluble Organic Matter

15. Li Xianging, Hou Dujie, Wang Tieguan, Zhang Chuanlin: The study on maceral
compeositions and hydrocarbon-generating macerals in source rocks of Hongze sag

By using whole rock analytical method in organic petrology, a detailed study on maceral
compositions and hydrocarbon-generating macerals of low tertiary source rocks (mainly Fun-

ing formation) has been carried out. The analysis show that they are rich sapropelinite, poor
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inertinite in socurce rocks, The microbe source and high plants input make up the main mac-
eral feature. It is suggested that alginite and sporinite are the major macerals for hydrocar-
bon generation. In addition, the unequal distribution in content and composition of maceral
of source rocks is discussed.

16. Hou Dujie, Tian Shiyun: A study of relationship between kerogen parameters and
the validity in the classification of kerogen by multi-variate statistical analysis

This paper deals with the study of kerogen parameters by means of R- mode factor
analysis and cluster analysis, and the result shows that this is an effective method to classify
kerogen by factor analysis. Kerogen parameters: H/C, 0O/C, rock Iy and kerogen IR
1480cm™'/1600cm™" arc more effective than parameters: kerogen ¢V C, rock S./S:, L.
These indexes are useful especially in distinguishing 1, I ke:r{:ngen. Though the validity of
the classification of kerogen 8*C is not very good., yet it is of some significance in distingush-
ing I kerogen. The authors have also analysed and discussed relationship between these pa-
rameiers and have selected some economic and valid parameters {or the classification of kero-
gEm.

17. Li Xianqing, Hou Dujie, Wang Tiegnan., Zhang Chuanlin: The feature and stage of
organic matter evolution in source rocks of Hongze sag

The characteristics of organic matter evolution has been discussed in detail base on vitri-
nite reflectane, fluorescence alternation of sporinite and molecalar geochemical parameters of
soluble organic matter. It is revealed that the evolution of organic matter in Hongze sag has
obvious stage, Through the comprehensive analysis, the authors propose that the evolution
stage of organic matter 1s classified into stage ! and stage 1, which has boundary R,=
0.53%.
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