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Correlation of light hydrocarbons between source rock and crude oil :an example
from Dongying and Zhanhua depressions in Jiyang subbasin, Bohai Bay Basin

Wang Peirong'*, Xu Guanjun',Zhang Dajiang' , Xiao Tingrong' and Ren Dongling'

(1. Central Laboratory of Petroleum Geology ,Research Institute of Petroleum Exploration and Development ,PetroChina , Beijing
100083, China; 2. School of Earth Enrironment and Water Resources,Yangize University , Jingzhou , Hubei 434023 , China )

Abstract : An in-house designed and manufactured on-line analyzing device consisting of vacuum ball milling,
heating releasing, helium purging and liquid nitrogen trapping was used to study the light hydrocarbon fractions
(C5 = C,3) of scattered organic matter in source rocks. Ten source rock samples and saturated hydrocarbon sam-
ples of their extracts as well as 15 oil samples from the Eocene Shahejie Formation in Dongying and Zhanhua de-
pressions of Shengli oilfield were first analyzed by GC and GC-MS. Then oil-source and oil-oil correlation and
classification of light hydrocarbon (nCy — nC, ) were performed. The results in combination with the biomarkers
and geological background were finally used to perform comprehensive study, leading to four conclusions. (a)
The light hydrocarbons in the scattered organic matter of the source rocks in the upper Es*,lower Es® and Es' are
different in chemical compositions. (b) The chemical components of C5 — C,; light hydrocarbons are related to
the salinity of water column during deposition, which is consistent with that of the oils. (¢) Among the 15 oil
samples ,8 samples contain light hydrocarbons mostly originated from the lower Es® source rocks,while 4 samples
from the upper Es* source rocks ,the rest are mixed oil. (d) The on-line device provided a new way for study the
characteristics of light hydrocarbons(C5 — C ;) in the scattered organic matter in source rocks and their applica-

tion in petroleum geochemistry.
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Table 1 List of oil and source rock samples

g AR e J%/m Ffi
i 118 2 590. 20 ~2 592. 70 Es®
5t F190 2 686. 00 ~2 687. 00 Es®
5t Y 732 2 450.00 ~2 451. 80 Es’
5t T 542 3 147.00 ~3 162.20 Es
5t 544 3034.80~3048.00 Es(P)
o M Bk 125 3 143.80 ~3 152.50 Es®
ég 5t YE 165 3 385.10 ~3 397.00 Es*
5t #2218 3 152.60 ~3 212. 80 Es*

SRR F78 3 736. 00 ES (P

SRR A F 57 3 408. 50 L3P

JR A 4l 372 2 568. 00 LB

JEUR A F189 3 436. 00 Est (B

JEUR A ¥ 73 3 400. 00 LB

J HE 702 3 006. 00 ~3 020. 00 Es?

5t it 306 2 603.00 ~2 613. 10 Es
Jsih ML 210 2 838.00 ~2 844.50 Es®
5t X943 3 155.00 ~3 163.00 Es®
Ji i X170 3 806. 10 ~3 829. 00 Es*
Witk B X171 3 490. 00 ~3 539. 00 Es*
M T 4 3 898. 60 ~3 924. 40 Est
JEIRE PREE24 -1 2048.71 ~2 049. 71 Es!
SRR 102 2 862. 00 Es'
SRR PIFE 29 2 628. 71 Es!
SR it 30 3 661.37 Es(P)
JEUR A i 31 3 429. 80 Es (P

Agilent 5975MSD — GC6890N 23— i, & 1 A%
J& DB - 160 m x0.25 mm x0.25 um, JHEFEF ¥
A 40 °C PH I 10 min JG,h 6 C/min 7+ &
300 °C,1Hif# 10 min, Bt EL 243407, m/z
50 ~ 500, B FURIREE 230 °C A& HZIRIE280 C.,

2) JEIHT C—C BB O

JH Agilent 6890 A3 4%, {4341 24 HP PONA
F£50 m x0.20 mm x0. 5 wm, FHEFET .35 CIHiR
10 min, LA 0.5 C/min XK F+ E 60 C, F LU
2.0 C/minJ+ £ 200 °C, K5 A 4 C/min T+ &
280 °C ,1HE 5 min, 43R 100 : 1,

3) JEIh AR g - TS

FH HP5973MSD — GC6890 13— ik {% , {1
£ DB — 1MS, 60 m x0. 25 mm x0. 25 om o THEE
J¥:50 CEE 1 min J5, L4 20 °C/min F+2% 100 C,
FELL 4 °C/min FFE 220 C, kN 3 C/min JH &
310 °C ,fH& 23 min, JEIGSAER .

3 REEAENE T C—C IR
I3 AR AR

ABEFER S 10 DU KR IR A R BT
TR nCo—nCy BB T (TIC) WL 2, H
C5 _C]3 %igﬁ\%nﬁz%$i$%Eg%lgéj\i&/f‘t%%ﬁyléé 2 o

3.1 I ETFEE (Es*' )

AT ARG & R 52, T FH 3 B 8§ & 38 b
B 5 - SRR BT T T 5 A D B
SR 2= QU L R A= SRS 1 SR N 1 S e L 4
Bed T 3 HeRE S L ke 73 FI) 89 Fn4li 372 (%
1), BRI GC - MS 27, FET 4% H
—FER S A] A A5 A o AR 3
SRR A nCe—nCy 9 TIC WK 2, HE 2. F2 7]
U3 SRR BRI i s & DY R, TOL/nC, Hx
ik 30,17, F¥ 2 13,32, ¥ 73 H(3 400 m) k£
AT IS (T 2a) B 06 RD S HOR (TOL) , 2K
(Bz) [ R (MX) | LHEH (EBz) IR —K11 3
AiEIE . F 89 H (3 436 m) FESL -5 HAM; 4l 372
F(2 568 m) A VL Y L SV Bt BRI T AR st A 2K A X6 A
1,4 - WIS e/ Cop U S BE (B AE 3 D kE b2
M, ik 0. 46, TERRIRA M BCA ML C,—C,,
BRI 0 X AU IR FR AR 1) J LR 5 5 2 1 3R
B, TEE 2b LR 1,1,3 - =R B
(113TMC,Cy ) , FHEEFRILLE (MCyCy ) HHH LA 2 b
(MCyCy) Bk — b B35 5 7 A AMIK, TOL
FMX SR — i, 2 TOL/nC, {EAHXT AN
4.10 (¥ ke, C ZERE(S + R) (S 0. 93,

3.2 P=TIE(Es*™))

DIAE R AFFEIESS, B PR, 1A K 14
U, TR BERRAR , R B R AL BUK 2 RUE0K FR
IK TR AR AR, 2 s A 2 e ) e i 5 A5
WRBTEI K ARSI =T W B A
T 4 HUREShBE30 HE31 ., E 78 FIE ST (K1), 4
HbE AR 4 - WL e Ty F R e 4 -
FEES e/ Cop FLIN HS 6 (8 25 35 0. 97 ~ 1. 28, 41 5 B
Bt/ Coy FE0E (S + R) AR E R 0.05—0.54 (£ 2),
SRAE R AL B A 30 JF (3 661. 37 m) J& % 43
BAVLE S C—C, BB o AR m e
B, 16 nCe—nC,TIC B ([ 2¢) b, HIE g N



4 AW H RS M 5534 %
a 5 TOL MX b 113TMCyC,
¥ A
EBz
MX
MCyC;
" ‘3% MCyCy o1
# # B
nC,
OX ol |G 0X
nCy 2 nC, e
L )T I 8
LUM M” oo e S sk . A
B ] B 1)
¢ MCyCq d TOL
MCyCs nC,
nC CyC, MX
ﬁ nC, TOL CI3DMCyCq %
EBz
Bz
nC,
nC; MCyC
JJ\_LA nd Ab L\_,JLAJN\_JMMJL
i ] B 1)
e 113TMCyC, f 113TMCyC;
MCyC,
t12DMCyC,
S Y& Meye, B
ﬁ Bz o % TOL MX
TOL EBZ
MX nCs
MCyC Gy EB C
t12DMCyC, Y Y& zl ox ax
nC, nC, M
i i) B 1)

K2 AREFALMBE AR ) nCe—nCyTIC &
Fig. 2 TIC of the light hydrocarbons (nC, —nCy) in the source rock samples of the Dongying and Zhanhua depressions
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Table 2 Geochemical parameters of the biomarkers and light hydrocarbons in 10 source rock samples

from Dongying and Zhanhua depressions
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MG e H%/m BEfr  nC,/MCyC, TOL/nC, 113T34Ciycﬁ/ MX/nC, NI G?:/ffz‘)H 4&9‘:}%{;
F78 3 736. 00 Es(P) 1.43 14. 81 0.26 5.52 4.32 0.21 0.97
. * 57 3 408. 50 E$ () 2.83 9.77 0.19 4.00 0.27 1.27
mg 4l 372 2 568. 00 Es*(1) 0.31 4.10 5.41 3.18 2.36 0.93 0. 46
1 89 3 436. 00 Es*(D) 0.42 5.69 0. 61 1.17 1.02 0.19
¥ 73 3 400. 00 Es*(5) 1.06 30.17 0.33 5.52 1.91 0.07
RG24 — 1 2 2032'9_72 ON Es' 0.45 4.54 2.43 3.21 2.57 0.44 0.38
Wik X 102 2 862.00 Es' 0.29 5.40 3.47 1.57 2.87 1.62 0. 40
MEE 9KEE 29 2 628.71 Es! 0.20 3.63 3.24 1.34 8.21 3.07 0.11
B 30 3 661.37 Es3(F) 0.37 1.06 0.40 0.95 3.97 0.05 1.22
i 31 3 429. 80 Es*(P) 0.19 4.37 2.69 1.11 3.60 0.54 1.28

T :nCy HIEBERE; MCyCy N FIEERC A ; TOL N H 2K ;113 TMCyCg M 1,1,3 — = HISEIR Ot ; MX AR HI2K N o H 7 ARG IR B
ST R T AR ST ARSI BT Gam/ Cy H(S + R) MBS KE/ [ 22R - 17a(H) ,218(H) - FHEESE +225 - 17a(H) 21B8(H) - T+
At ] 34 — HEEE/ Coo MU B8 1E m/217 Bt (A% | 4 A~ 4 - HEEE BT 4 A Coo BN S B BV RIAY LU AH



5513

TR GE RIS G PR R X L 5

MCyC, ,MCyC, IR e (CyCy) M- 1,3 — 3L
CLBE( C13DMCyC,y ) Fll £ 3 2 bE ( ECyCy ) ¥R
IR—m e B AT & A BB 1Y U5 & TOL
MX, H TOL/nC, {54 1. 06, A3 B 2AHF5E 10 B
FRERIRARAY, HE31 H (3 429. 8 m) 5430 HEE
AL, L B R b R W A AR AN, BT BN
Es* 0 PURBAS R Bs™ ™) TUBUIAT — S8 (i 7K R
JE IR AR B AR AT T 78 (3 736 m)
(P 2d) FIE 57 H(3 408. 5 m) BikES,, AT BE IEAL T
XA B0, 2 B K AT R AR, nCe—
nC,TIC A |, Hi L ¥}y TOL, MX  EBz 1 Bz
R — im0 | B AR AR IR o BOR PILS R R 4y
ORI SR, (H AR I B 3
HRE AR L, TOL/nC, {EFEAIK, nC,/MCyCy 1B 32
BTN 1,43 F1 2,83, HOFEBE v |
EBLRE B 293 A

3.3 —E(Es')

AW 5TV — B o b 3 BedE . 102 (K]
2e) JRFI-29 (& 26) FIRRE 24 -1 H(F 1), 7
nCe—nCy TIC &l b H A3 A Sh[F] 1 FRAE , B H B
¥1° 113 TMCyC,, 113 TMCyC,/nC, R 2.43 ~
3.47 140, R FEE  TOL, MX Fl Bz Mk —2
#RI%  TOL/nC, {HM 3. 63 ~5.40,nC,/MCyC, K
0.20 ~0.45; 5 — IR FF AR - 1,2 - ZHEEHF
I (112DMCyCs) & T nC, . ¥ —BRUR
EERIR A Ak 25 2 LAy A FRRAE , B 5 DT RRA
BoAKIRE BB A1, AT eIl 5 1A G,

g Lkt v BB v =R BRI
— BRI R R R 45 A AN TR) Ak A A R
fiE, 3K BEHRFAEXT 1 E A4 H A A B DR K AR ER
FERFE, 5 FATLAEX 5l Cs—C B e
BRI 5570 R T AR K AR R B A G Y DR AL Bk
AR R 1, X B A S W R SRS T
FATHHEM | BY 55 50 4 &L —#F R IR A
A AL R A8 43 1 b 2 A R 37 TR I K AR
FEFE

4 Jelia 5 IR o ke il -
XFH

DRI 4245 R PRV VR — ot Ay R — 1 ]
TR B — SR Ve Bl B — R il A L o

B2 & (L F S 21200710119460. 6 ) 43 Hr 1 5 5
VS I b DX (14 S 15 A i, 0 LA 3 U X B
AR FRAE T AR BREFRATI 6 55— B AT
TEBIF R AR Y5 it T AL T8 | DR DA R B S
IFAFRDT SR V2 B 4R (5% — T e 2 oAt
S (L F) 5. 21201010180205. 4) , #E— B IR R B
VR 5 JE I AR o R 2 A R AE AE T — A X L A
FE 7 T AL

4.1 FEHEES C,—C, il - lmXftbfs 3k

R T R = 2 R AR o A2 A BCRRAE X 32 1 X
RIS AR TR TR L, A B X AR B ST Y 15
A EIMFE S AE C—C 3 B 08 43 1 — SR LD D
Mords, ERRFINNEMESE C, (L&Y%
2 R X B R LR AN TR AR AR AR 6 B 45 A X
SR B S i R AL, T4 th < VR B R AR SR Y C,
JRLA AL . D5 I A o B i (PR320 30%) ,
2/ E B (TOL/nC, — KT 0.6) ,N( .+t
AR IR TR PRI ) /1 (BB IR T 9 S 4
BElERE B FUAEAR (<2) 5 U0 FHIR - TUREE 1)
JEH R A3 T 0 BCRRAE . C, PR e o B f v (O
B2 50%), FIEA O E & Em (FHY
35%) ,N/I & ( >2) , TOL/nC, fk( <0.6) ;¥ 42k
Jal— J BB R B A A S YR D 1 R U A Tk
HAFE . C, R C, B ke | 4> & i (OF
¥125 60%) , TOL/nC, (— i <0.6) , N/I H{HAK
( <2) "SRR, Sk AT ALK
SRR B A 7 35 T e PR AR K AR R A5 4 D
AT - X LR AL T Oy AR ) TR A
PEAT I — A X HEAT R T R AF 3Lt

33 JEARMIGEI 15 A JE i 248 4 FLAE )
Wb G YRR Ak 28, K 3 23X 15 R
TS B 7 ANBR AL G ) R 25 R 2 B 3 B
I AR I ANE R R B 1 8 ANTR A VT A T
VTR V8 RH 20 rhoCs 1 6 080 4R )2 B 1) - 3
18, 350 2 2 27 AU A B BTN b A Sl A 2 B
JE S, 250 3 J2 45 AN H AN IL 2
F IR - WURR W AR U 5 SR A S R 3
AU AR 15 AN SR A5 A 2R MR
MWOE 118 F]90 FE 732 4 544 Fikk 125 H£) F1 4
ANVEAR TR SRR (A 702 BE 306, 973 FT9RIL
210 JF) (& 0) 19 7 N RER IR A W i th 2 5



6 A 5 R AR R R %34 %
&3 FEMGEELME 15 NMERRES MEYRELSUNET U SH
Table 3 Geochemical parameters of the biomarkers and light hydrocarbons in the 15 oil samples
from Dongying and Zhanhua depressions
Cofii . ] 4 EE]’?ia
Mg B/ m BT H K (P, + Py/% TO} 7 N1 Pph 20 ch;/ (anlng £/ L;ﬁ; ié// Tm/Ts
Ny)/ % nC, (208 + i Coo H
20y 2ORH S+ g (me
g )
B 118 2590.2~2592.7 Es° 0.40 15.82 0.94 20.24 3.69 0.51 4.97 0.58 0.33 1.09 0.31 0.27 0.49 2.58
90 2686.0~2687.0 Es° 0.61 22.23 1.01 20.47 3.93 0.36 3.74 1.01 0.34 1.08 0.06 0.61 0.26 1.68
Y732 2450.0~2451.8 Es* 0.88 27.46 1.23 19.59 4.99 0.35 2.74 0.57 0.25 0.79 0.30 0.46 0.25 1.6l
g T542 3147.0~3162.2 Es’ 1.14 28.99 1.21 19.18 4.91 0.68 2.20 0.57 0.50 0.82 0.29 0.54 0.18 0.90
f[;/ar'l H544 3034.8~3048.0 E&SF) 0.96 23.49 1.13 22,17 4.88 0.33 2.66 1.58 0.43 0.70 0.20 1.06 0.29 0.68
125 3143.8~3152.5 Es° 0.54 19.96 1.19 17.67 5.40 0.24 4.15 1.38 0.62 2.59 0.07 1.46 0.41 1.49
1165 3385.1~3397.0 Es* 2.55 25.85 1.36 19.48 4.59 1.95 1.28 0.57 0.48 0.55 0.97 0.11 0.11 0.70
2218 3152.6~3212.8 Es* 1.05 28.94 1.22 14.24 3.92 0.94 3.08 0.49 0.41 0.42 0.49 0.32 0.35 1.21
BE702 3006.0~3020.0 Es*> 0.55 21.54 1.09 14.95 2.84 0.47 5.8 1.39 0.52 1.10 0.30 0.38 0.19 0.99
BE306 2603.0~2613.1 Es 0.65 26.98 1.07 14.62 2.36 0.51 5.21 1.31 0.43 1.16 0.30 0.39 0.20 0.88
W fidb 210 2 838.0~2844.5 E& 0.77 25.25 1.12 16.41 3.18 0.38 4.34 1.24 0.50 1.05 0.09 0.20 0.20 0.58
/[ﬂ;l‘ X943 3155.0~3163.0 Es* 0.72 23.85 1.14 16.36 4.33 0.42 4.02 1.37 0.51 1.00 0.09 0.26 0.20 0.68
Wi X170 3806.1~3829.0 Es* 2.27 36.00 1.33 14.81 3.66 1.19 1.73 0.87 0.55 1.15 0.54 0.43 0.06 0.38
171 3490.0~3539.0 Es* 1.74 33.09 1.15 16.19 4.94 1.02 1.76 0.63 0.59 1.20 0.12 0.60 0.15 2.32
R4 3898.6~3924.4 Es* 3.43 40.91 1.31 21.95 6.31 0.64 0.79 0.43 0.49 1.30 6.55 0.25 0.84 1.80
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Fig. 3 Percentage contents of the of the C; in the 15 oil samples from Dongying and Zhanhua depressions
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Fig. 4  Oil-oil correlation and classification of Mango’ s parameters of the 15 oil samples from Dongying and Zhanhua depressions
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