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Two distribution patterns of the marine-continental transitional source rocks in the southern South China Sea

LAN Lei, LI Youchuan, WANG Yibo
CNOOC Research Institute Ltd., Beijing 100028, China

Abstract: As the largest oil and gas basins in the Southern South China Sea, the Zengmu and Baram-Sabah basins have roughly similar
recoverable reserves but great differences in oil and gas ratio, and distribution patterns. Based on the data of oil source correlation, combined
with the data of paleoclimate, paleovegetation, depositional evolution and faices differentiation, two distribution patterns for marine-continental
transitional source rocks has been concluded by this paper. It suggests that the oil from shore side of the Zengmu Basin and the Baram-Sabah
Basin are mainly generated from coaly source rocks, while the oil from offshore Zengmu Basin from terrestrially sourced marine deposits. Up to
the paleoclimate and paleovegetation, the coaly source rock has rather strong ability of oil generation. Based on the depositional facies of source
rocks, two distribution patterns for the marine-continental transitional source rocks have been recognized by the authors for the first time, which
are the “deltaic coaly facies -terrestrially sourced marine facies source rocks” and the “deltaic- turbidite -coaly source rocks”. Under the control
of the type of source rocks, the oil in the Zengmu Basin is enriched in the delta plain and inshore region, while the oil in the Baram-Sabah Basin
has a wide coverage.

Key words: marine-continental transitional facies; source rock; distribution pattern; the southern South China Sea
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Fig.1 The location map and stratigraphic chart of the research area
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Fig.2 Geochemical profiles of source rocks in different sedimentary facies in Zengmu Basin
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Fig.3 Hydrocarbon generation potential of source rocks for different belts of Sabah area



176 YRR M J5 5 56 D0 20 b TR

2021 4F 10 H

P i, BV p 0 VBT Gt — R 5 16 e Ao A AR
R IR VR A 5 i U5 AR W A BURE A ot B i AT
7B S 2 51, Vel o U AERE R R VR Y T-RURE A e/
Cyo 72 5t (T/C3oH) 3255, A 0.6~ 2.0, 1 fili I8V AH k2
JE2E ) T/C3oH /0T 0.6(K 4)

10:
C +
C +
B +
N +5+
+ °
++
1= e+ o 09870
- 26 ® [
g - o 0T __
2 9,
g R
‘e @ 1B i A R
0159 R
N © i VLA Ik U
e © 4% B b I [ g
Lé * g
- < i HE G Ho S5
> o LRV E R
J5 |
0.01 :
0 0.8 1.6 2.4

BAE/ C o bt

Bl 4 R BE TR ST SR -7 B A X b
Fig.4 Correlation of oil source rocks between Zengmu and

Baram-Sabah Basins

FRE X I 35 b, B BF Z b 2 & B T 40k B
T A0, 7R 1 AR 10T % ) 4 i EL A B 4 v Y
T/C3oH #8 b5, A 0.6~ 8, 5 ¥ i 1o 8 4H K& 5 119 4
HE— 3, Ay I i ek 0 AR A T 2 ol R BT, R R 5
(o H 2 580 7 — ) J5 3 19 T/C30H 2 /h F 0.6,
T ARAN A 0.02, Sy il VR 1A K J VR S >F YR B3, S T
P A i R T AR R VR A DRI N . X 2K
T B A3 A AR UE T 4V R S ke G A
ARIHE ZR R TR, T 72 M 7 o 3 M X 2 2 % I A AR
Vi o SCSR-VD U ZH ) & PR 78 2R 0 dn s Ak
P20 B 1 D) LA A s AR AL, LT T/C0H K
F 0.6, S Bty ¥ Bl ok U AR AR AR TR R TR, X i
[E R SN PO =Y IR S i N/ g

3 RAEKFERERNR

3.1 HRESHER

T Y i S VT T — e SR v A VR B Ah RR Sk
FE i B A8 ARSI LT O RO v R R 2 A OBy
(Florschuetzia) . 7K BB BHZ K b B FR4%& 1 (Polypodia-

ceaesporites) . FHEF} Z XA ¥ ( Dicolpopollis) . M
Bl Z #8895 ( Tiliaepollenites ) 55 5 7 #4 | V # M X
M AR A, R TS ETR WiE p, Herp
L3 R By & i e, HBHAM )i R 8
Al LR ARAE P (&L 5) , F8 755 W07 thE— o e 1
T B T ) FRH 2T RATL ) B

CLAARAE ) B8R, AR R T Bl b 5 9 v 58 S
TR, B R SR R IR o XM A X IR LA MR
WL B A [ 57 5 908 o 391 TR A 7 38 Gl 2 i ),
AR U8 o B R sttt 8 ) B DLTR W G2 0 A
PLBE T4 R 32, B 76 i A AH X 325, 2RIk 32%;
B 0T 2 DA R IO A RN A B oy 32 A A LA A o
(NN RS2 NN Y NN T = DR Ny N D S o X - |
ST RFIE R B, SR AR R 8 U6 S A — it v A AT ) R
TE U e HLA B A s g, JCHR AT ) .

BB 235 b, 2R TR 34 56 BT e A R S S -1
EL 2% b, v i 490 SR 2 AL ) 2 43 R A1 A4S o 40
i Ry 32, Hrb o A R T A R X A T AA
72 J A7 35 3 0 AT 3K 31% R 30%> . Hif AN R 7E
R 2 b A v L8 B A R A, 2 £ A AR A
() BRI YR TE VD45 B IXOR AR B A R
G5 — iR e B A R SRR PR R SRR 2 R IR
F UL E S5 T T VA S 2T A AR T ) R ST
DKL I T Y R BB R G — R G R R A A
BLITT LA ZTAR Bk U5 Sy 32 17 3% 30 00 B A Ao 19 A T
A1, SR X EE L AT A

32 MARIBE

DURRIREE 4 M 22 BH, 04 B 230 b A SC3E-V0 B2 4 b
W g AR g = AN R B IR £, BUTE R,
B R 25 i B SR OB ), o Rk R
=AU, = AT AR S 5 S 25700 A 22300 km?*; T
SRR TSR 28 I R 1=l 7 S ey = B T 2
4351 A 34500 1 29000 km?; H rp 3 48 T AR, H
BB A E YIS B = A i AR 3 51k 33200 A
38800 km?, SC3E-Vb EL A M ) 2 =1 R = A,
WU R ZE = A, T B S e T = A, R
B 22 = A U, S = A U A R 1 5K F1] 20000 km?
DL CEL6) o = 190 TR0 VA B SO T HEROR
B, b T3 B I8 I R BE, AE R D AR s
Az e Ak, AT B e A LT 3 BE 1 452, R X
e R = N R R AL T ARG Y OB R, SR
RRWAREEN A FE, =AMERT, i
T8 15 S5 R W R R R AT BT A 2 g BRI | TR
Vg, B F R RIS, AR IR A Y Y L BE e T AR



541 5 5 LR, AR A P T AT AR R Y A D A A 177

P 5 b5 o DX T G — BT G T A1 iR SR A H R O IR R
a Al b SRy o [OBE, ¢ Rl d ek I k) o
Fig.5 The florschuetzia detected on the Oligocene-Miocene outcrops in Sarawak
Florschuetzia semilobata is shown in a and b, Florschuetzia levipoli is shown in ¢ and d.
9° g0

M e o tookm || oA 3 lkn

A N

4
9 9
N N
B o 0 100km URE s 0 100km
4

109°E 114° 109°F 114°
. Swo B, T s ool TR
B s e Tl RE-RE [T X
B 6 BRI SCSE-vb B 7 b T Bt — o i th U R R B v AL

Fig.6 Sedimentary facies of the Zengmu and Baram-Sabah Basins in Miocene-Oligocene periods

& 51



178 YRR M J5 5 56 D0 20 b TR

2021 4F 10 H

LEE7/Ipie 2 i

{ELRS B G0 R SR -0 B2 2 o Tl B 22 S
ST Il o AR R R R B 23 A AR 22 5
B il TREZRGE . S, MBUA AL E, =
T B R 3 e U S B A T 4 M e AR i 2, i S
Vb AR AR, I TURRYI AT E, 5
TE 75 o B G AR ITCAR, T 2 b R = A I T
f14 35 DR ik 31 il 3 s OK DLRRR ok, 80T A
(H 0 2% 00 = A S R e s, T HL 2
T Al B Pl e TR AR R IR B X R
v SNEEE S8

4 iRl A R IR e o A i a2

B B b M SO -0 B B 7 R RE T B AR ],
DRIt 4 A 2 A 7 ) e AR R e U 2
A B8 LN RE F7, (H A2 3 S5 S A LR PR B 22 5 45
i, HAE R IR A AE AN R ) o A 2

41 “ZRMER-EREHE BERESHER

B B F R R TR T A U AR - R A

KRR A (AT 7)), 9 Bl i 8 A B 3R R A K
MDA Z T =AU, B AR =AY R
AR, T R 2 TR T DI K R R T R DR
o AR A AR A S, = AR
KT BRI, oA ML, AR e v i
PR S e S, H A AR SR A4 AR T BE T, T = A
— I R R AR e B IR e, A BILJT R R
BERRIEIAE, B TREALT, AR
e SRR IR, XTI, AR E. 2

B =M
W =
iz ks

[ ws EEhes

Wil = 9 ARRE AR AR R A AR o, 2 i R
Z AR TR R AR B S LA 2%

42 “ZARMN-HBEEBESSHER

ST B MR AR T = Dl B A e
YU st A AT RES (1 8) , 1l ot U AE 2 R U
ERET AW, T2 5 T RS, e
FH RS f22 = 0 UK B M R R T L
fhy P OB I 4 T AL, = LR
s BB B, SRR MR 4 R A,
R 25 ML P K R 3 e 8 85 kA
OB 2 38 ZEVR K X, I e R G T 7 T
e, T A LT B, L
23 3o AT 43 2 K X P L
SEURG, TR A 7E U T B A A ARV
[, Labuan Hb [ 57 41 2 Sk 08¢ 1 1) e 2 76 K 250 3
M B R 0 B R R B 1 T
BAEWIE, 78R R, SO B A A
BER T Z AT, AE = NIRRT & H B2 B I
BOF AL R L B R R W AE T e R
Bl YR b X, R o R 5 A R R
W — B, AT AR A S R AR
B R A 2 R E — B, 347 B A1 19 78 3
ELTE MO P T2 40, 508 3030 B A o ) T
A,

5 R Rk A ML

T X R 5 M R SO - B 2 M e R
SHBERAE 2 AR 4 ZR GE AT, A BT T — B it

K7 R RERM = RN AR - R R AR R RS 2 A

Fig.7 The “deltaic coaly facies -terrestrially sourced marine facies ”source rocks model in Zengmu Basin



4155 5

2R, A T I PRI e 9 A AR R ) W S A A X 179

[ %
B s
T st/ 3¢ e

B8 SCER-V B = A - B A R R R A A X

Fig.8 The “deltaic- turbidite -coaly source rocks” model in Baram-Sabah Basin

AN - IURR A 2R T Y T R e AR R R IR
Rl 0 7 A e W B R A A2 P T UL AR AR
TERSBE G, 245 T =AM, e R AR AR
KR 5O A A S 2, [ I A 7 A 1 el R
A PR BTRR O B IEAR R IR, T SOR -V B A A
RAEIL = M0 A B AR R IR, A MR A v [ e
KB MR, TR Z R E AR A
I A oAty o i, BN AR SOR -
U0 B 3 M b 14 P 0 v R v BE R AT B Y
KA R H

(1) B2 F 3 AR il g v pi 0 H 2
b R S-S LA O
PR, EAR X A, B B A AE T .

(2) Z DA AL AN ICBUAR 4 22 S s iy, 5 BE
Mo RIS -V L 3 Ve ol o A R AR U B AN
[l (4 % B 5 Ao, B RE A M0 = AR N AR -l
RUHEE AR e W52 I3 AT AR 3, I =S P S 3 o IR
R IR A PR B R B VAR 22, T o a9 AT
R R BRI A 7 = fr - S, SCR-U0 T 2
C =AY - B R R W o A A, AN E R Y
=AY, S B R s R R R R DA
BILJT e 2 7000 2 v i e Ja s 300~ DR i L L B IR
DA, 3 i T Bl o I8 AR R e 5 06 2 0 A " Y
e 38

(3) ¥ fifi iof P AR IR W5 70 A B o 1 ik =T
THT A o 2 EEL PR 158 10 R R e 0 0 A A = A
DAL B 2 i A I D3 4 TP 0 A1 7R AR T AR g )
W B L J] 2, i SO0 8 4 b AR AR e e B e AR
PR “WE AR o347, PRI SOk -V T 4 4 2 2 B R

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

£ %E CHk (References)

XA, P ¥ o i R A v B BURAAE (9] o A i, 2018,
30(4): 45-56. [ZHAO Zhigang. Hydrocarbon geology characteristics
of the main basins in mid-southern South China Sea [J]. China
Offshore Oil and Gas, 2018, 30 (4) : 45-56.]

Fe, WHGEZE, XIS, 5. i R A G S A A R
& (3], RASHERELE, 2017, 28 (10) : 1546-1554. [WANG
Long, XIE Xiaojun, LIU Shixiang, et al. Analysis of hydrocarbon
accumulation and diversity of the major basins in mid-southern part of
the South China Sea [J]. Natural Gas Geoscience, 2017, 28 (10):
1546-1554.]

Abdullah Wan Hasiah, Chai Peng Lee, Patrick Gou, et al. Coal-bearing
strata of Labuan: Mode of occurrences, organic petrographic
characteristics and stratigraphic associations [J]. Journal of Asian
Earth Sciences, 2013, 76 (20) : 334-345.

Say-Gee Sia, Wan Hasiah Abdullah, Zainey Konjing, et al. The age,
palaeoclimate, palacovegetation, coal seam architecture/mire types,
paleodepositional environments and thermal maturity of syn-collision
paralic coal from Mukah, Sarawak, Malaysia [J]. Journal of Asian
Earth Sciences, 2014, 81(25): 1-19.

Olayinka S Togunwa, Wan Hasiah Abdullah, Mohammed Hail
Hakimi, et al. Organic geochemical and petrographic characteristics of
Neogene organic-rich sediments from the onshore West Baram Delta
Province, Sarawak Basin: Implications for source rocks and
hydrocarbon generation potential [J]. Marine and Petroleum Geology,
2015.

Wan Hasiah Abdullah. Organic petrological characteristics of limnic
and paralic coals of Sarawak [J]. Bulletin of the Geological Society of
Malaysia, 2002 (45) : 65-69.

Curiale J, Morelos J, Lambiase J, et al. Brunei Darussalam:
Characteristics of selected petroleums and source rocks [J]. Organic
Geochemistry, 2000, 31 (12) : 1475-1493.

EF, RRRE, SCERI, 4. 8 R 7R AR BRI R RIS PR R


http://dx.doi.org/10.1016/S0146-6380(00)00084-X
http://dx.doi.org/10.1016/S0146-6380(00)00084-X
http://dx.doi.org/10.1016/S0146-6380(00)00084-X
http://dx.doi.org/10.1016/S0146-6380(00)00084-X

180

T M S5 5 1 20 M S

2021 4F 10 H

(9]

[10]

[11]

[12]

[13]

[14]

PR V], 0 YA A U ERA 22 J8 4R, 2013, 32(5) : 583-590.
[WANG Deng, XU Yaohui, WEN Zhigang, et al. Evaluation of source
rocks and oil-source correlation in east Balingian depression of
Zengmu Basin [J]. Bulletin of Mineralogy, Petrology and
Geochemistry, 2013, 32 (5) : 583-590.]

Awang Sapawi Awang Jamil, Mona Liza Anwar, Eric Seah Peng
Kiang. Geochemistry of selected crude oils from Sabah and
Sarawak [J]. Geol. Soc. Malaysia, 1991 (28) : 123-149.

SRR, RN, XA, A PRI o E O TR
WA oA D). R E AR, 2014, 19(5) = 1-22. [ZHANG
Gongcheng, LI Youchuan, LIU Shixiang, et al. “Co-control of source
rock and heat” in orderly distribution of “near-shore oil and far-shore
gas” in China’s offshore and adjacent area [J]. China Petroleum
Exploration, 2014, 19(5): 1-22.]

Leong K M. The Petroleum Geology and Resources of Malaysia[M].
Kualar Lumpur: PetroNas (Petroliam Nasional Berhad), 2000.

Aarssen B G K V, Cox H C, Hoogendoorn P, et al. A cadinene
biopolymer in fossil and extant dammar resins as a source for
cadinanes and bicadinanes in crude oils from South East Asia [J].
Geochimica et Cosmochimica Acta, 1990, 54 (11): 3021-3031.
RS, FAR, B ORISR LB TR AT AL i B LR K
S LD AR R (M. AL RS B AR AL, 1997: 105-113. [LIU
Huanjie, SANG Shuxun, SHI Jian. Comparative Sedimentology
Research on Coal-Forming Enviroments: Mangrove Tidal Flats and
Mangrove Peats in The Hainan Island of The South China Sea,
China[M]. China University of Mining and Technology Press, 1997:
105-113.]

22T I R R R R F E R R Sem [T HUBR
Hiffil, 2019, 38 (4) : 23-29. [LAN Lei. Controlling factors for
different hydrocarbon distribution in Basins in Southern South China

Sea [J]. Geological Science and Technology Information, 2019,

[15]

[16]

[17]

[18]

[19]

[20]

[21]

38(4):23-29.]

Meceor H Amir Hassan, Howard D Johnson, Peter A Allison, et al.
Sedimentology and stratigraphic development of the Upper Nyalau
Formation (Early Miocene), Sarawak, Malaysia: A mixed wave- and
tide-influenced coastal system [J]. Journal of Asian Earth Sciences,
2013, 76 (1) : 301-311.

A, VIR, XA, 55 pEiE R B R AR IRV AR RASAE D],
o E IR, 2016, 21 (4) : 99-107. [GUO Jia, XIE Xiaojun, LTU
Shixiang, et al. Cenozoic sedimentary systems in Zengmu Basin, South
China Sea [J]. China Petroleum Exploration, 2016, 21 (4) : 99-107.]
XIS, skDypk, RAEN, S, w8 e (e x5 B G < B
FEHE T 0], A R, 2016, 21(2) : 37-44. [LIU Shixiang,
ZHANG Gongcheng, ZHAO Zhigang, et al. Control of tectonic cycle
in South China Sea over hydrocarbon accumulation in the Zengmu
Basin [J]. China Petroleum Exploration, 2016, 21 (2) : 37-44.]

TS, KA. BB L ARV A O IR A ).
E¥# Ewh <, 1992, 6(3): 1-10. [ZHANG Quanxing, ZHANG
Qiming. The marine hydrocarbon source rock’s resinite compounds of
Meishan group of Yinggehai-Qiongdongnan Basin [J]. China’s
Offshore Oil and Gas (Geology), 1992, 6 (3): 1-10.]

Simoneit B R T. Diterpenoid compounds and other lipids in deep-sea
sediments and their geochemical significance [J]. Geochimica et
Cosmochimica Acta, 1977, 41 (4) : 463-476.

Andrew B Cullen. Transverse segmentation of the Baram-Balabac
Basin, NW Borneo: Refining the model of Borneo's tectonic
evolution [J]. Petroleum Geoscience, 2010, 16 (1) : 3-29.

Mohammed Hail Hakimi, Wan Hasiah Abdullah, Say-Gee Sia, et al.
Organic geochemical and petrographic characteristics of Tertiary coals
in the north-west Sarawak, Malaysia: Implications for
palacoenvironmental conditions and hydrocarbon generation

potential [J]. Marine & Petroleum Geology, 2013, 48: 31-46.


http://dx.doi.org/10.3969/j.issn.1672-7703.2014.05.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2014.05.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2014.05.001
http://dx.doi.org/10.1016/0016-7037(90)90119-6
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.04.0011
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.04.0011
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.02.005
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.02.005
http://dx.doi.org/10.1016/0016-7037(77)90285-X
http://dx.doi.org/10.1016/0016-7037(77)90285-X
http://dx.doi.org/10.1144/1354-079309-828
http://dx.doi.org/10.3969/j.issn.1672-7703.2014.05.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2014.05.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2014.05.001
http://dx.doi.org/10.1016/0016-7037(90)90119-6
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.04.0011
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.04.0011
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.02.005
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.02.005
http://dx.doi.org/10.1016/0016-7037(77)90285-X
http://dx.doi.org/10.1016/0016-7037(77)90285-X
http://dx.doi.org/10.1144/1354-079309-828
http://dx.doi.org/10.3969/j.issn.1672-7703.2014.05.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2014.05.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2014.05.001
http://dx.doi.org/10.1016/0016-7037(90)90119-6
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.04.0011
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.04.0011
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.02.005
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.02.005
http://dx.doi.org/10.1016/0016-7037(77)90285-X
http://dx.doi.org/10.1016/0016-7037(77)90285-X
http://dx.doi.org/10.1144/1354-079309-828

