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Table 1 Main geochemical parameters of oils from Zhen jia—Wangzhuang and Zhengnan
s B 24| cp1 Pr | Pr Ph 208 CzRe | Co~pz 4-Me St Ts To | _G_
(m) = Ph | nCy; | nCis [(SFR)| CpoReg | CysSt CxReg | Hop {(Ts+Tm)| Tp | CsH
1 82-X1 1378~1396 Est | — = = — 0.51 0.17 0.115 0. 33 0.44 0.41 0.028|0. 206
H408x6 1331~1356 Es® | — — — = 0. 36 0.12 0.107 0. 33 0.27 0. 38 0.023|0. 273
A4l |1219.3~1224.0| Ng | — 10.65| — — 0.52 0.13 0. 092 0. 37 0.41 0.43 0.023]0.181
H408-01 1290~1372 Est | — — — == 0. 65 0.79 0.414 0.21 0.42 0. 37 0.120(0. 440
361 1190~1216 Es! [1.10(0.87|2.34 {2.74} 0.54 0.12 0.103 0. 35 0. 37 0. 44 0.026|0.175
362 1196.3~1210.0| Es! [1.44{0.68| 4.45 | 4.15| 0.50 0. 20 0.170 0.31 0.37 0.42 0.04210. 249
H411* 1339 Es? | — == — — 0. 69 0.14 0.110 0.07 0.31 0. 43 0.143)0.515
¥R4-14 |1503.4~1527.0|AnZ|1.10[0.91| 0.46 | 0.54 | O. 56 0.11 0. 082 0.29 0.26 0. 50 0.016|0.083
#)85 2552, 6~2724.2) Es* [1.09|0.61| 0.66 | 1.18 | 0.47 0.11 0. 051 0.21 0.62 0.45 0.015|0.179
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#1932 2933.5~2941.5| Es* {1.15(0.50] 0.84 | 1.84 | 0.39 0. 09 0.032 0.27 0.77 0. 36 0.016{0. 311

. x —Z M 20S/ (SHR)—Co  E 0aa20S/(S+R); Cz9Re/CasReg—Coo T HE 4t /Coo BL I 4 4% 5 Ca1~22/CasSt—Car~22 8 452/
CroB I 55 % ; 4-Me/CooReg—4- BV 5§ 45 /Coo B £ %% s St/Hop— fe /38 hs s Ts/ (Ts+Tm)—18a(H)-22,29, 30- = A £z /[ 18« (HD-
22,29,30- = Bk +17¢(H)-22,29,30- =B b 1; Ta/Te—2X Coa PUBRTE /Coe SRS 3 G/ CaoH— (NI B 5t / Cao B

A (25X 0. 25mm), L 4'C/min §100CF+ £ 300C,
RS K He K MAE ARSI 4 R H HP-5MS
(30m X 0.25mm X 0.25pm) £ % £, 50C{E &
2min, P 2°C /min 3% % F # £100C, LA3'C/min
B9 3 2R [ 100°C 7+ ¥R % 310°C, 310°C{H #& 15. 5min.
- R & 3R A HP-5MS (30m X 0. 25mm
X 0. 25um) % 41 45 K 5 60°C {H B 2min, LL8°'C/min K
ERERFAREIOC, HLAC/mn WHEREFHRE
320°C, 320°C4H {& 10min, 2 K A A K. Kk K EI
(7oeVYHFEELH K.

3 #gR5vHE

3.1 Fihwie 5RER

% W8 [ B A 7, b T B0 <R Il 2 BE KT 0. 934
g/cm® K5 BE K F100 mPa+s(50 C) N E Bl s B E K
F1.0 g/cm®, B BE KX F10000 mPa-s(50C) A B E
WHH) BE—FEERE MR B RAISN, ZHNE
Wk E N E AR B R AR B R R R
B Bl (<C0. 9 g/cm®) VR BE AR (<10 mPa<s), 4
FEHEFBRLERR BERFHEEILFEH



856 wOm ¥ #®

2004 4

KF1 g/cm?® K FE—MKF 5000 mPa-s, HHEEM.
TR R IR B R, 3 MR E AR
400000 mPa-s, B AR E N A FEFAE M LS
BRMESR TG0 — B R A R E, (¥Rs5
X% BEH1. 009 g/cm®; 5 U1 K8 31 A 1 18 IR S v 25
B 0. 952g/cm®, 7R i AR B % U = BRI
B AR 408 B vy BT AH XoF 5 4, R A0 A 1) 2 7 O AR X AR
H T AR e P 4 IR % /N TF L g/em’, B
Hav—B UZREMER RN E I .
TH. FEBHRERROBRE—FFEFEHY
WEEERSEZMERE X,

5 R — 7 IE A E, R K — T B R
HEFPHRMERESEEEERK MELHTTER
SERUBHM, RRBERBE IR ERBIERE.
B EREERMMBAN MR —EERMBEMESEN
28.7%~38% , K FRa#p A B — TR (49. 1%
~72.9%); KR+ E R & & (33.5%~
47. 8V M F e & (10. 6% ~31.7%) (B2),

@fﬂi:("/) oﬂ@ - T #Es’+Es’
5 0il of Es*+Es’from
Lijin-Ninhai
O F) 3~ #Es'h
0il of Es*from
Lijin-Ninhai
IMER-THEM
0il from Zhengjia-
Wangzhuang

%

____________

{0

0
7R (%)

B 2 MBER—TWEREMBREBRRFE
Fig. 2 Ternary plot showing relative distribution of
saturate, aromatic hydrocarbons and

“nonhydrocarbons +asphalten”

EHMEEFRERREWMREEMNJRERE
F T AR 9 PR 7 IR A O B ERTE SRR SR AR 1 T B R
¢ 40 B 1 RITE B, o A T A2 A 1A B O 4 6
LT KEEMBTE R AT RER LR ILE, /K ¥,
A YRR R AL T 55 R U O R A R
B AR AR R F AL (k22 B AR RD
D IF BT IR B R AL R

100
R R (%)

3.2 RHEREAEST
3.2.1 BREBRGLE

WHBEEr —RAIEMOEER T BEX—TF
JE R AR AR BB T R (3) » 25 50U i 3
WK FB 4113 (Es')  #3408-01F (Es') , ¥ 408-06 F
(Es) 53 82-X1# (EsHIE.RMER . KRR &K
kel kR (B 3) ; #3624 (Bsh) ¥ 4H413F (Ng)

R R
#$4-143F,AnZ,1503.4~1527.0 m
Well Z4-14,AnZ,1503.4~1527.0 m

b

#8362F,Es', 1196.3~1210.0 m
Well Z362,Es!, 1196.3~1210.0m

#4113,E5,1139m
Well Z411,E5°,1139m

i_.,

#B408-013F, Es' 1290~l372m
Well Z408-01, Es',1290~1372m

i

#3613+, Es', 1190~1216 m
Well Z361,Es!, 1190~1216m

i

1882-X13, Es',
Well T82-X1, Es',

1378~1396 m
1378~1396 m

NV E
¥

#B408X6F,Es,
Well Z408X6,Es’,

1331~1356 m
1331~1356 m

\i

Al41H,Ng*,1219.3~1224.5m
Well ZX41,Ng*,1219.3~1224.5m

1
i

R B B ja) 4R B I (5]

B3 RE—EEREMENE.FREETFHE
Fig. 3 TIC of saturate and aromatic fractions of oils

from Zhengjia— Wangzhuang



%6

ERAEESRSE 5 78 M0 G b R B 45 4 7 it BR AL 22 AR AE 5 R 857

HERR R _MERSREEMRERE (B3 AL
M a, EERBI61H Es) B RERLT . UE
Ml RE LR K B4 14F FM B MR IEE A F
FU M RRAE , BB E B R B AR AR I v 5ER Bk O (1
3, SEMPHFIEAYE .
FREBEFRERRESEBT RS ED %
I, 1B 35 BB O B2 B A X S AR R 2 3UR
% FELEABRESRRSEE[(UB4FH P =B B
408-01H Y — Bl TIC EH R LB EH 2 T
BERMED, RUSHEEFARNBRI. 5FR
¥R 4085 4 408-01FH Vb — Bt JF I AH L , ¥ 408-06 3
VEZBEEMmFRNERFHNRE B aR Y =B
JE G Z R AR AN F U — B #8362 3 518 82-

C XIHY—-BEMmERMRERSY TER ENAR

HEERETHREZELKKEERAED.AFHE
WS B BGE R B AR SR A A —BmigE
YR , B R [R5 BA R R K HTph AR i BB . B
SHEARLE P MARE S B 5 ER AT £ E.
SHRERE<SRERR BRI RE<ESTF
BE FRI<FBHTERE.ERRIE,

PR —E R FR A AR — T — 1 GRE) IR
AR ISR EE T3 E SR IE % WEE , X5 r R
KB HWL, RN D=2BRFEHCRAEY =B
B B—R AU BRI Ok 5 WM E
W) (BB mMi4,1997)® (nFI85H . FI3713) . T
VXt L RO, B T v = BORE R, AL BR BE B

¥4-143F,1503.4~1527.0m, AnZ
Well Z4-14,1503.4~1527.0m, AnZ . =

[ Cym
A A =

#3623, 1196.3~1210.0 m,Es’
Well Z362, 1196.3~1210.0 m,Es’

#4113, 1339 m,Es’
Well Z411, 1339 m,Es’

o

#3613, 1190~1216m,Es’
Well Z361, 1190~1216m,Es’
¢

¥682-X13, 1378~1396m, Es'
Well T82-X1, 1378~1396m, Es'

¥8408X63F, 1331~1356m,Es’ .
Well Z408X6, 1331~1356m,Es’ Ny

“Uid B A F i BB Pr/nCy, . Ph/ nCisfH AH X £
5 Pr/Ph EAX SR EFIE (RD . B FREKE
ER L R —EERBFIBMEISMHEAESHE
THFREL, B PY 1 3 GRAH41, #R 361, %5362, KB4-14)
B Pr/PhE/NF1GED, EEMEHERSEHLE
RESVNBERFEHENEE®(RD BR—E
JE 1050 e 3 R e AR “ Y 0 B B R (ER A
%,2004), B MG Y M B R IR A N B AL—F AL
WA S (BEEMIZ,1997 ;L1 Sumei et al. , 2003),
3.2.2 HEULEMSH
OEREEY . SEEEME L, EHERIFRL
EYEABMBRIFHREEMBIERES,BERR
(A hAERARm PSR E Y FERTFER
B e B HEHS BECor~Co AN i b 5 P R SE R 5
22 BRI B A8 R SR AL B 48 BURRAE , Car v Cas Coo
Bt aca20 (ROM AL R “V7F R0 76 (E4) , BRI
AR 2 B A R S AR o, #3408-01 K8 411 5 R
M m/z 217 B A% E ] B4 ,Cy~Chaaa20R A
SWEIL TR FEARILEY, ERTH
R f AR AE (B 4) o 5 i — 77 9“0 I B AL [ 3 A
B, B P R MR AN R — X R E
HE 8 b L 22 6 B R B 3R A 7 o B 408-01 3\ #B 362
Rgs2-X1FFHMEHER. KRS TFEZEH KR
N BB T IEH EH, Coo B HE S f2/Co KN
8 Jox {43 51 /0. 79.0. 20, 0. 17, Ho Aty iy — /N F
0.13(FE 1) Corose 5§ %2/Coo BL W 8 %2 H K K A

S013F, X ! /
e e m, L3 Well ZX41,1219.3~1224.5m,Ng

43 B B[]

R &

B4 HE—EFEFREMm/z 2178 R R AEE

Fig. 4 m/z 217 mass fragmatograms of saturate fractions of oils from Zhengjia— Wangzhuang



858 W OE ¥ #

2004 4

0.414.,0.170,0. 115, t 5 FH Al (D) . EHE
RS T RZEEERTIHENEE, L LR
BE SR T E A BRI PR HIN & 5t b &S M ER
FE RGO  FEE AR SR BRI I, ARG e
e 0K B S BIEIR , 411 R S F RS
PR EHE S e AHXT & B A K B408-01FH (K1), &K
B % TR e AR B B SR B

YRR, SR AFE R EYZEW
BEARE, RPUHNEFREDX 828105 W HEE
RAEEEN  HEXFHE T, 0aa20R 148 F 5 H
FpEm, KSR BRENHXRHESHY
LHREEFTBABR—EESHE—TH R
T B A L [R) Y 9 PR®, (H AT Coo 5 5E 00a20S/(S+
ROHE 43 15 8 B 4 0. 50~ 0. 69 ({U KB 362 H R L) , #B
411, #5408-01FG F+ B 350. 69.0. 65(F1);MEE £
BUNFO.5(RD B, B LR 8 e R LS8
EFIFERAETIE . 8 W RRMLIEIRE R, K
— R R g SR IR Ak T B LA P A R
B B (ED®,

QOTWERAEY: FHP Wb amasg
FE. = WA AR =GR RIS (ES, AF =
8 28 5 SR8 Ho AL . 2 B0 T s 284k & W 8 BOR B 5 X
BRI B 5 5 B0E 1E R0 S 5B B A W A T B R
R—EEREHEAMEEAE — & 20D 5 5, 4
0 0 b /Co0 28 S {1 K 0. 175 ~ 0. 515 (8 4-14 3 1R
O, MR EYEFESREEREm, FSRX—EE

CapH

CapH C., i 4

Te £
Tlsl N f‘.”ﬁ." Qe

¥84-143F, AnZ,1503.4~1527.0m
Well Z4-14,AnZ,1503.4~1527.0 m

FmbEREFRAEYPZBE RN, 5E5—RHN
0.045~0. 063, [T B A K — T FEJ i EE R B W&
. EEEFENYNEREE? . 5HEXL DM
L, AFERBBERAEYEE AR MG ERES M
ARRES REE R 2w P BAD M BT T AE BB 7
B9, MNFRA11FH m/z 1233 B AR LT SB(HD -#b 5 4%
FFH M B Be AN 06 A BT 5 > = PO 3RS 5 L A%
HIERE LS = AE RS FRAEE Y RN
FE, MAR=MESe N R R e 5 Bk, HIKE KA F
BREER . BB AR A HP411F  #5408-01H
MEM S Co-MR BT BRHE R THAMEMW,ZRN
BB Cyoaf 28 5o AH 24 A9 , ¥8408-01 R A
=5 ke 2R 50 0 R e e T B 3 AR 2 R A4k A (B
5) FB411H . #408-013 H¥F 3623 J& M Ts. Tm =
BERNEEMRTHMER, RAKLS FERE R
B IR FERE .

FE 4 7 8G9 TR R, B KB 408-06 H: (Es®) ., #84-14
I (AnZ) K B) 25-F EE It R B 4h, KM F—F
JE R 3 R ARSI B B A 25- MR EE S R 1 (B 6) . 25-
BELEHBRRIIEYIREDHTFRE C-104L
EHIAREFRER, FIH m/z 177.m/z 355 F#1E
P R B AT A T (& 6) . 25- P ZE St R I BRBUA Crs.Cos
~Co, HIETERT FEK R T (B6), BIFLRZ
A W) R f i R B — B B (L & ) & B (Seifertet
al. ,1979; Trendel et al. ,1990;Peters et al. ,1996),
AT, AEPEQODRE TARARMNEE , ENFE

CapH
#3613, Es', 1190~1216m
Well Z361,Es', 1190~1216m

S ) T

Well Z411,Es’, 1339m

okt

¥B3623, Es', 1196.3~1210m
Well Z362,Es', 1196.3~1210m

1#82-X1#, Es', 1378~1396m
Well T82-X1, Es', 1378~1396m

ot (T Lkcha

#4113F, Es®, 1339m  °

#B408X 63, Es’, 1331~1356m
Well Z408X6,Es’, 1331~1356m

ol || TV

RE IR

Well Z408-01, Es',1290~1372m

#3408-013F, Es',1290~1372m

X413, Ng*,1219.3~1224.5m
Well ZX41,Ng*,1219.3~1224.5m

R BB fR)

B 5 MR—EERMm/z01FRAIEE

Fig.5 m/z 191 mass fragmatograms of saturate fractions of oils from Zhengjia—Wangzhuang
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HB® i EHE| Bk _ Csoof | {135 | Coe-= =% =

HE (> JE A | CzoSuaa | Cz9Saf | CzsRaaa o | i 505 | =30 . %ﬁi i HIFRE . Fie
411 1339 Es3E 31 0 14 78 | 313 9 345 184 95 46. 4 1110 | 190 | 226
#8408-01 1242~1262 Es! 42 27 23 152 | 461 25 275 272 | 120 | 35.8 1226 |1579(1875
362 1196. 3’;’1210. 0| Es! 40 36 39 82 | 500 64 185 378 94 21.6 1441 1522|3463
¥R408x6 1331~1356 Es8 171 159 308 351 2809 369 819 3139 | 857 | 82.2 | 11360 [2089(6155
HA441  {1219.3~1224.5| Ng 290 148 271 333 {2982 523 634 | 2148 | 388 | 74.5 7635 |1610|4516
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#4-14 |1503.4~1527.0| AnZ 165 96 130 153 (1472 1192 388 1906 | 159 | 40.9 5923 | 510 |5154
F85 2552. 6~2724. 2| Es* 324 153 359 275 |3073| 653 339 1647 | 295 | 35.8 5254 11549|6071
F)371 1989.6~1999.0| Es* 331 142 429 295 |3298| 811 386 1961 | 409 | 36.1 6333 [1550{6790
932 |2033.5~2041.5| Est | 452 | 157 | 701|327 |4643] 510 | 335 | 1898|590 | 34.1 | 6626 |2765 5448
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Abstract

Considerable heavy oils were discovered on the North Steep Slope (NSS) of the Dongying Depression in the
Bohai Bay Basin. Oils from the NSS and adjacent Lijing Ség were collected for detail qualitative and quantitative
investigation. It was observed that most of the oils from the NSS were subjected to biodegradation or water-
washing, which result in saturated hydrocarbons and aromatics of the oils that are depleted in certain degree and
absence of 25-norhopanes in most of the oils. It was observed that the oils with different degrees of deformation
were mixed commonly in NSS based on composition and relative distribution of biomarkers, suggesting probably
at least two main periods of oil charging in the area. The results also show that biomarkers quantification
absolutely is useful for identifying the level of biodegradation and providing information of resistént ability of the
biomarkers in the oils against microbial removal. According to detail geological and hydrological investigations
combined with geochemistry, we suggest that chemically, biollogically and physically such actions as
biodegradation, water-washing and oxidation are the main genetic mechanisms resulting in the formation of
heavy oils, which make most light components of crude oil escaped while heavy components concentrated. It is
concluded that special geological backgrounds such as weathering crust of burial hills on the NSS, high-porosity
and high-permeability coarse sands and conglomerates of orderly distributed fan reservoirs, shallow buried oil
pools, poor cap rock property and lateral plugging conditions, and development of complex faults and several
unconformities are the most essential factors responsible for the formation of heavy oils on the NSS. Coexistence
of heavy oils and relative normal oils on the NSS indicates that there is still a good prospect for the exploration

of normal oils.

Key words: heavy oil; biomarkers; biodegradation; North Steep Slope; fan
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