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Abstract

Source rocks and characteristics of hydrocarbon accumulation are evaluated and analyzed by the
techniques of applied geochemistry, simulation of petroleum pool-forming and fluid inclusion in Lu-
feng sag which has two main sets of mature source rock in Paleogene, with Enping Formation as the
secondary source rock due to its lower maturity and limited hydrocarbon generation, and Wenchang
Formation as the leading source rock due to its maturation and sizable hydrocarbon generation. Sub-
sag A3 and A4 are potential hydrocarbon kitchens. The crude oil belongs to typical continental oil and
main originates from the Wenchang Formation source rock, however, Enping Formation has the li-
mited contributions. The study area has two petroleum systems, which are the north and south of Lu-
feng sag petroleum systems. Crude oil of the south of Lufeng sag petroleum system originates from
Wenchang Formation in A3 subsag, secondly, from A4 subsag. Crude oil of north of Lufeng sag petro-
leum system main originates from A3 subsag Wenchang Formation, and at the same time, a spot of oil
originates from A2 subsag Wenchang Formation and Enping Formation. Lufeng sag has two stages of
hydrocarbon charge. The earlier first stage started before in Middle Miocene (12.89~10.05 Ma), with
mainly low liquid hydrocarbon. The second stage sated before in Late Pliocene (2.52 Ma), with mainly
mature hydrocarbon. In a word, the oil-gas exploration direction should be given priority to the deep
region (Wenchang Formation) and the next important target is the early deep structure.
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1. 5|8

Tt 56 DX it = TR A7 T BRVT 1 2 Bk — IR AR LS, R R E E B Eh R IR At —[1]. BT AT EE
LR SE P F A ARTUIRE, DA Al = T B 2 350 11 mh AR ARSR B R A R A I A i 5 264, AR AE — 8 Bh iR
121, B A tal )\ A i A AR 3 AR AR DLERIEZE O T riE AR 2, ORI 3 AN S R
fit & 4635 15 m’), IT 20 FEEIIRIIARIRIG R R I . A13-1 3 FH BOHTE R i T 1993 FEHNTT R, & 2008
L 15 )\ HER AT iR EE A 0 7L T & 7 R, Btk 1098.6 75 m® [3]. 2008 fE&HL
A7-2 AR E 1018 75 m’). ITIAZE A7-1. A13-1 M in KRR IIERE . BUOTAMZ, TR )E
Ro BE20104F4 H, A13-9 I RECPARAER 27 K, Bit= s 2.8218 x 10* bbl, H= i
1089 bbl, &7 1 A13-1 i H 30w 22 BT 2R ek 2L A JE KRR B, R IHIE S 7 ot 3 SR 9 T B4 R 4
FERAEE, IXXFHESHERIT O b FL &l &Rl IR+ mE M E 2],

ATV A RAE FEAR T B L i BR AR 77 1) B B o 1@ AL, il R R
MUK & RAE 0.63%M1 2.33% [0, AHURLUEIRENE, BARGRMAEMEES), FFEMBE T R0k
53 9I5BT BB F R AR A R R YR R R AR R =, Rl R R AR A SR R A AT
WA G [4]. ASCHERT ABDER AN 70 R At b, N BRI 2 L RSORS00 A (0 2 R AR K
i = [T R R AIE A R SUBBURFIE AT VAN 5 0 i, WE 1 RIRA A2 HERITTR], X Haft AT e & 0F
M, i R DA S OK B BB IR o 38 3 o) 12 M DX ML T 2% AR 25 B 9 i DR O M BRI 2 Ak
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2. HbREENR

WF 5 X Bifi == 191 B8 A7 T i v b 3 B B8 X Bk — B AR A, RERVL N A s R —, iR R
NW-SE &), dvladbiflbi s, s iRibiEi, msEmmhiE, REfgFmi. BnERmZAE T
Wi B XZ AR, B MR RO T 1L RS, IR R R N E BT AR WAL, S B
. BFARMERIGH . BFFCIXZ) 8800 km®, WHFTIX RIS T IUVEE, 200 Al M. A2 . A3 FEDLK
A4E[S] (E ). RETAXEHEZ, HEEZESCEMMIENRD . Fh=F 5SS 2 R T 38 W7 fa i
UURHLZ, Z I B R AR, DA R IRIADIRR T 5, o P TR RS e s £
NIRRT o Bl = [ BT 2 U T W ash B B R 2, I I ORI R B BN, BLVRIBEA
DU 5t R X R & L IRIAH, TR S (e 5 R IRE o
3. RIFEESFE
3.1. BYARIFEFE

RSP TR ARSI DAERIR I = F PR 3, 78 20 (30 B Ao LAY R38R 32 o BT 4 )& T B4 284 2 b
HEM e A R A A a B L R bR . B TR gt a5 R (R 1), RBP4 TOC 045 0.40%~5.42%,
SERIME 1.12%, ARIEE G 0.54~33.33 mg/g, “TIIME 6.62 mg/g [5] [6]. BUFABTTRIIBAEK, HiK
JEFE 1500 m, Hrpyes & &b 30%; BT R R i REGE BT 5000 m, {H TRl = MRE R R
A SRR, BRIRERERN, HAERE AR, Bl MFEMEEIMAE R, Rk
B IEIE A TR

s 10kn o
L1

&
=] =1 ]

BmiE it WEET HE 2] HRX e FH

Figure 1. The regional location and structural map (According to CNOOC Shenzhen branch)
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I A AT 5 55 H R VR RS S D HE R, K PRIA ST LB PR PE R, il i — 5558 A8 . MK IR3R
B R E RS, HAERR RN, 8RR SIS REE, B4 TOC 734 0.47%~4.88%, T
VI 2.42%, IR 0.64~28.82 mg/g, “FIMH 12.33 mg/g [5]. 4G 1% X IR 18 50 B 41 R AR R
WEWD, ARRE SN ERD A TR 3 R I T b5 538 S0 E AR IR IR A RHE K AR M br S S
Yy C304-FIE S e, H & mim, WA —AN A FEUESE 7 R =F [V 6 SC B 412 TR IR L SRR A TR A 6] -

Table 1. Organic matter abundance of source rock in Lufeng sag

# 1. BEFMPRRIRE BIRFE

BAfr TOC (%) KT “A” (%) S1 + S2(mg/g) HI(mg/g)
0.51~10.5 0.028~0.384 0.59-33.33 78.0~580.3
BFA
1.87 (39) 0.177 4.38 (39) 193.3 (39)
‘ 0.61~7.75 0.042~0.470 0.6-34.86 85.0~704.2
XEH
2.40 (75) 0.286 11.35 (75) 426.9 (84)
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H AT P IR E A DU E B febn A A HLB(TOC) & “A” « R4S J1(S1 +82). B
Jdle, ZEMKRBRGT 1S X RS A= M R S8 A P R BB B CR 1) X Tl BUR IR & BIVE
AR P B kA A s LT = BTN A, S SR = M 72 =2 (XS B 2 AR AR V8 A Lo i P e
AU ARRRE ST BARTIRARRI ), £ BCPFALIF AR T LIS (BRI A& 2 B R EE T
JEUR A A TR/ B L PR S A HUBR A OGS SR 5 A 34 0 A B k), A & H(HD)
S5 FAfA R T (Tmax) VB B R 500 A WL PR 2R B (] 2) o ol A THT 7 ST 2 AL A S RE S A S VR - FS LAY, R 5 R
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Figure 2. The type of source rock in Lufeng sag
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A s AR AR s SR NS B A R TR A SR SRR, SR IRETE 10 Ma A A AN AES S
WA, 17 S B AR A TR R L B, RN BRI A 5, 30 Ma A2 Ak NS — IR AR I T i,
12 Ma 72 A N3E iR AR EE, EARRAREA RE—IR K.

34. RIFEHN DB SHE

BB AENRIES, ECRIMA , AR MR CEHmE. HHZEERX, JH
Vel i E, ARURIREREEREERX, BIEENRERARES 7REFEMERR 36%, A8 K
RIERTIL 2000 mo P PTARBARE =F M P A s iE B 55, TR A IS8 ss . RS IR B AR
I e 1 B RE = 4EX TR 6%, A RURTR S R R BE 340 oK. EZ A0 T Al A2 DU A3 3,
SRR A R E LN 50~340 m, {HEZEFT 100~250 m. HAERSREE 5% 2 F ol 2 5 E s IE

EH I T RPN S B H DU EERA IR RE AR R (R 2), MRIREEA, AR B R A R G A 5 X
PUANEE R HEAT A R A A 75 o = [T B BT A R AR 37.8 km?, 3R 8.93 12 t, B 2.65
ft.t, BAEREN 115814t Iééﬂwﬁﬁéﬁmﬂé@ 681 km’. EiliE N 78.60 12 t, LS HE N 23.3214 ¢,
MAEREN 101.92 14 t- B8, SCE MRS &R F M AR 3 1R EAE 4]

Table 2. Volume of Enping and Wenchang source rock in Lufeng sag (V/km’®)
2. FEFEMPREFASERRIFEFR

BhL Al A2 A3 A4
BFA 7.8 23.9 6.1 0
XEH 107 194 175 205

W EL R — MR R S B R R R ERREE, A3 . A4 WL A AR ER. BRifE
BRI, A3 FEERILT Al3-1. A13-2. Ald-4. A22-1 Sl HME WA, HEEE A3 EMN A4
HERAERESNN: 53.9917 t f126.06 1Z.t, it A3 A1 A4 HEEE BIFm SRR 5=

4. S RRESE R

i == TR EAESEAAE = R R RS ﬁj\%lJ A2 . A3 LU A4 EE, o A2 NG R B
ARG, A3 EM A4 FEVUNEEF RSl R GE[S]. ASSCREA LU DU 5 8 7347 Bl = 19T il RS I, 7
Sl Ay e S A e S AR S R T /Hﬂmlﬁy%ﬂ DRI A SR RIYI I o

4.1. RiFEEHEREMHRESE

AU FE UL RS A 2R G BN 0 B TR R (6], PR BRI AL . A2 L A3 M A4 HECE
AR B SP 2H 5 AR A 0 T s (B 3)e A3 I RA A2 . A3 HEABI T AE A2 TR RO AT AR
KRR, B BB T AT-1 f1AT-2 S Ek Tl .

HEBAUG REL N, A2 FEEIEFHMZIRE, SCE M EGE, 2978 35 Ma 7o CE AR IRE
FRUE A, BUFAUR A Z7E 13 Ma JFE (] 3a), BRI B A R TR A 1 A e e e i 309 90 551 v B
A(E 3c)FIERYLH I A 3d). XT A3 ?%Eﬁzﬁﬁlli&ﬁéémiu L RS % A13-1 A B18-1-1 &
AT, BUEREE RS A2 FEHEAL, HAREWERRT A2 HE2R AR R R, KEE
ST . A3 RIS EAMBUIRUE, RPN, 75 34 Ma 24 S E A RIRA a6 R
B, BOPHRIEAEZITE 12 Ma R RE(A 3b). %ﬁéﬂ%uzE.éﬂjcﬁllﬁj\kédﬁgi’a&ﬂ}zﬁwEfi, R 2
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Figure 3. The burial history and hydrocarbon generation history of source rock in Lufeng sag; (a. The thermal history of de-
pocenter in A2 subsag, b. The thermal history of depocenter in A3 subsag, c. Enping formation hydrocarbon-generation si-
mulation in A2 subsag, d. Wenchang formation hydrocarbon-generation simulation in A2 subsag, e. Enping formation hy-
drocarbon-generation simulation in A3 subsag, f. Wenchang formation hydrocarbon-generation simulation in A3 subsag)
3. PEEMBERIRARIERSE . £RSE; (a A2ERRPOHRENLASE; b A3 ENRPOHRUAE; ¢ A27ER
FLRERIEIER; d A2 ENEEEREMER; o A ERFHEEREMER; £ A3 ELSEERERER)

B ARIE IEAL T B WM A e g Ve B B, 45 L R AR e T ABOR RIS, A A LA A
WA FFRERSGE A IR, KIS A BMH MR ZHMEKRE T A3 EXEH. BTFHNTE
AR DRE O A I Ve 20 3 B (F 3e) R T 2 TR (15 31)

4.2. HIEDHT

Bl U DRI S E = R RS A2 . A3 LI A4 FESA RS, b A3 MR A4 4
SR RGN SRS (ERE A13-1. A22-1 A M A13-2. Al5-1. BI8-1 &ilikyit), JEi%k
IR —iE, HIESETR T 38~ 5 S, mEE + ALy Y & Em R 3). A22-1 WHK
ALS-1 M F S I P BB LG AT3-1 VT &y, AT RS SO L st AN A2 BEIRON B L&l < R S,
A% AT-1. A7-2, HJFEMZARECEANEE, LUNKETIER,

I = 5 TR R BRI SR 25 FE AT VS LN 0.8191~0.9147 glem®, & FRAE 25 FE CF-H411H N 0.828 g/em’),
B SR TEE N 4.5~84.5 mPa-S, T HIME A 22.81 mPa-S), [ 1 ik 34~44°C CFEIME R 39°C),
TS - FERI(7.77~28.35%, “FIMEA 18.1%), SinE(K(0.1~1.1%, “FI3IMH 0.3%), V/Ni EHK(ZARiE
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0.008~0.34), “F¥JME N 0.079, & s 7 FhAH [ 107,

Table 3. Physical properties of crude oil in south of Lufeng sag
= 3. BEFE MR FE IR R

i) TR (m) W, gom’ FHE, mPa-s  BEERC BEERY% HHREY% VINi
Al3-2 2489~2505 0.828~0.8288(3) 4.5~5.4(3) 34~37(3) 7.77~8.7(3) 0.12~0.17(3)  0.035~0.056(3)
Al3-1 2372~2939 0.8649~0.894(12) 13.1~26.6(11)  36~40(12)  15.5~28.35(12) 0.1~1.0(12) 0.008~0.34(9)
Al5-1  1830.5~1882  0.8643~0.9147(3) 19.1~84.5(3) 41~44(3) 11.9~16.4(3) 0.17~1.1(3) 0.039~0.141 (3)
A22-1 1615~2939 0.8612(1) 22(1) 42(1) 25.5(1) 0.07(1) /

FEIE 0.8692(19) 22.81(18) 39(19) 18.1(19) 0.3(19) 0.079(15)

e SR BT e TR

Wi == TU1 o o A BBt 4 K 22 BORVR T SC B LRI, AN/ B il s W] R BT 2L e v A A 2R
JEREURAE BIRIR . 12 SR SR R i TE B B ) A B AR AR FH IR 5, R 1 R 1) B e A o K1 ) I ) 262
K, FEURREERIERIVRZ A, BRI AR H R B R IR SO R IEH — 80 frguth 205
V%%, F£H Pr/Ph. Pr/nCi;. Ph/nC g Al nCy -/nCopt 25 LUH AL VE IR 45, Pr/Ph {HAXAE 1.9~2.25 Z 8], &
W LR TR T 85 U ~ 5938 R 5

Rl =R P A13-2 HEAMRE RS E AT G 2 R S ARG s, RS (B b ik o
AVEHEN Cio~Cos, HTWERREESY, FEH Cy~Cy, AHIMLHBIFAYE . A13-2. Al4-3. A9-2. BI18-1
FH YRR S EDRHERTE (K 3)5 A13-2 I BARIA I BAE — 50k, MO A14-3. A9-2 DL
B18-1 A K H A13 EHECE AR RIS . A22-2 3. A15-1 15 A13-2 R R R ImE o
MIRSCEAAPIE, 5 A15-1 H Cio/Cos =—FRBELEE N 0.66, HEMZ/DAH BFAIRIE, A22-1 3 M/Z i
K ESEoR THEYREFE, wReAAER B RBP4 R 1= 1 5[ 7]

BRI A13-1. A7-1 KUK A7-2 R #2806 0, RIL=F AR — & AR (1] 5). BTN
CIESE A7-1 HFBRILA . BRigA . BAPAEMEERE A3 ECEHFRIAHRIE, A B -FHREEMH
FEIRA I DTHR . A7-2 2 b R m S I BRI be . 8 R4 G R BV SE A Wb S8 BIRAK, K
AEPEERI 4-F SRR SR E, FEREVIRMREES . A AT7-2 HF A7-1 F S5 R B
SRR, SEFHABUEER, W AT-2 RN 2R A07 HECEBHRIE, SRR ERE A3 E
A HITR IR .

43. MSEBSRE

Ax s HERR I 8] 5 XSRSk o = T R U E 5K 28 A2 52 R I8 78 21 AT SR 4R Bl ek 1Y) B 22 A
R AR — R HE R 4) [8].

i = T R U SR R AR TZE . A BA T USRI R, X B Y A A B AR
A IS R AR AR e BERMIBE R YO IR RWE K E BT ITIXCREAR N T SO,
IEWE R E, R R BT, B, @b VR HEs), HEEEE, WG SRS
JRAE RO, M ISR T SRR, BEEIX a7 2 MiGEs), el RS HIEAR
W= Z BT T 245 WA SIS S A R AN AT, P AR AR . 35 ZH T AT 8- 2H T ) AS
BEmHONEE, B2 FORIRHGUAEMIR, PR ANEE S TR T s AN G G R 1) B 2,
TR T 25 M ORI B EL 2 . 34k, BT 2R TR DX g A 5 T DA 3 0 A0 0 00 T 0 B e A v i <
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BRI T L, Rl M B 2 R R [9]-[16]0 BT FEIX il 28 S0 B LR = e e &
B, WA KBEAR, JFH TR R A AL 2 A2 B E R . WA S
ML E 2 RIeBIEIE, DR NsmE AR -

SCE ARG IR YA RIS N BES ANtk J2 o BEST 2R B = N ER A iR, TSGR
FEIRTT =M= - i;‘fhﬁ%}g/\ﬁ‘ﬁ%’“*iﬁ&?ﬁ*ﬁ?ﬁéﬁaiﬁﬁﬁﬁiﬁ?ﬁfﬂ%ﬁai*ﬁﬂT*ﬁ P 1 e fif
JEHRRE M R R o HWS YR TUE 1A 52 2110 Fr W R 2GR sh K . SCE AP, S
[U1T o g 8 I T W RS S PSR, I R LI TS li‘ﬁizlzﬂwﬁzzbﬂﬁB’JEUJCE%E‘W]?UI%{)EEB‘J%WFEG
RS R IR IR, A# R DORA EZON =AM R A A . FALBREAL T 10%-30%(H],
TUEPAE 20%, HREFHIFLBREN Tl U R RA — @A R a8 & RS IS iz
ARBEMRR. SHREMEE, M URER TR %t

4.4. S TR
Pl Ra B A, AR AT B, B B VMR BRI S IR NE, & I B T A & TR B,
KEAR, PUMNKRET AL FEVRRIEE R, R AR, A2 A3 Fl A4 3508 44 R m g a1

NEETTAL TR 1, IR 297 12 Ma Zity, HOAABRIREARICHER o J1 20 A8 i v Vg st 91000 3 N B4
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Figure 4. The characteristics of biomarker for crude oil and semi-deep lacustrine mudstone in Lufeng sag (From Wang Tieguan)
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Figure 5. The characteristics of biomarker for crude oil and A7-1 and A7-2 well in Lufeng sag (From Wang Tieguan)

5. BEEFEMPARMI A7-2. AT-1 HEYIRERSFHEREC B T 5%TE)

2R BURFE, REREWE s AR, HEEI R AT e 2 T iR, T R SRR R R .
AT KBt UG A13-1. A13-2 BI18-1 Fl A22-1 i FHERVLAH &3 EALHEAT 1 K S A B 24 43 A7 v 240«
ELFEAETER M AR, RIS 2 A I R M A A A e, DU BB AR SV P A L 2
AR AEER N T FNADESASROER, RS T A~ m 2B B [10]. WG
AR SRR VS L2 51008 100°C~120°CF1 130°C~150°C, 55— JHFE I X B B B e s 45 58
TR, B N R~ R B B, W AR TR, RO T AT P SO i A AR AR 2 SR
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Figure 6. The thermal history of depocenter of A13-1 well
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