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Abstract: Source rock in Yueguifeng Formation of LLower Paleocene is the main source rock series in Lishui-Jiaojiang hydrocar-
bon generating sag of the East China Sea shelf basin. Using drilling, seismic data combined with organic geochemistry and pale-
ontology data of hydrocarbon source rock, the development controlling factors for the Yueguifeng Formation of Lower Paleo-
cene are discussed and the forming model also is established based on the analysis of characteristics of the hydrocarbon source
rock and tectonic-sedimentary-paleoclimate development background in this study. It is found that source rocks in Yueguifeng
Formation of Lishui-Jiaojiang sag are characterized by wide distribution, large thickness and multiple thickness centers abun-
dance of organic matter, type [[, dominated organic matter, and relatively high maturity. Development background of
Yueguifeng Formation is an intensive separation and relatively closed lake environment with subhumid-humid subtropical cli-
mate condition, and predominantly aquatic organic matter contribution. Development of hydrocarbon source rocks in
Yueguifeng Formation is mainly affected by deposit-sedimentation rate, parent material source and preservation condition of or-

ganic matter, and it could be concluded that its forming model features with “rapid subsidence, humid climate, aquatic organic
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matter contribution, fresh-brackish water, and weak oxidation-reduction environment”.

Key words: Yueguifeng Formation; source rock; controlling factor; forming model; Lishui-Jiaojiang sag; sediments.
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Fig.1 Position and division of tectonic units of Lishui-Jiaojiang sag
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Fig. 2 Organic matter type and abundance for

source rock of Yueguifeng Formation
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Fig.4 Subsidence rate of basement during the sedimentary period of Yueguifeng Formation in Lishui-Jiaojiang sag
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Fig.5 Characteristics of pollen assemblage of WZ26-1-1 well and its paleoclimatic significance
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Fig.6 Spatial-temporal characteristics of subsidence rate of Lishui-Jiaojiang sag

6 6
Sr KA LR A % Sr KA HUT A A e
4 —
S
o3r
°
2 —
] —
0
5 0 5
Cu/CsTT C2/CTT
6 6
St KA HLR N 5% 51 KA WL S N 5%
4+ 4+ /
, S
g’ .
L =L . %
2 2 w@)\a@
R
1+ 1+ W
0 1 1 1 1 O 1 1 1 1
0 1 2 3 4 5 0 1 2 3 4 5
C2/CxTT C192/C2326TT

Fig.7

B 7 HAEEARIES TOC 5 =3k (38 LK

Intersection of the TOC and tricyclic terpane ratio in Yueguifeng Formation




1568 HERBLY:  http://www.earth-science.net %41 4
1.0 1.50 1.8
0.90F (@) (b) ()
0.8+ LR by o 95 4L fL — 999 A HR %
071 d ool ® 12 J%
= 0o "] ' 2
+ = R i
> 0.5 . 075 ; - N _—
= - o) = 99 A998 IR A 85
S 04+ @ /
03k . ) _ 0501 o |[FEM-IIEFEAE] S 0.6
ST IR (88 AL — 590 S5 3 AL IR I /
0.2 025} . AR
0.1} “ 3o
0.0 L L 1 0.00 1 1 0.0 L L L
0.0 05 1.0 1.5 2.0 0 1 2 3 5 0 1 2 3 4 5 6 7 8 9 10
U/Th V/Cr Pr/Ph

B8 A kg LR IR S A — B R B G

Fig.8 Discrimination of oxidation-reduction environment of Yueguifeng Formation

VN 43 4 1 Bl 7E 0.45~0.65,F 38 0.52; 4h &t
FCAE (U/Th) 43 #ii v [l 78 0.28~0.31.F ¥4 0.30.
G3A0 ST A bR AL A U S BN AL — R R
A5 AR (B 8e)  H e W 21 72 W AH TR BR 8 o
FEHLN 55 E AL — 55 10 SR L X 5 R T 3R ) 4
R4,

TR R i R B ORI R A S G
AL & 4 A2 1 KR A 7= 1 A0 3% 40 KO 3R
B E 2 s S R AR TR KA P
B, T AU & R R T B AE T kK
A A AL R0 , 25 AL AR DB e R P AR 3 T AR
UARAT P B A7 AE I A RS R 9 T LR
LK — BT MG WZ4-1-1 7 He e 2 8 5 5 vh
TRIFSRE R B S T A ML & i 2 A A e B 1
LM R G TRIE R IA VLT AR B T A SR AF. 45
BV Ak — R R Rk B H 4K R
A LTS5 AL — 55 0 JF 5 T AR 8] T A SR
A B = A PR

TAN KR G mE LY RE N E T L TE
—ERE LEHEAVLRMN S £ LT 6 1R HR
WG E M BE G o oC F AR S A0 e (]
10) & B, H A 0 41 B8 0 LA (St/Ba) 43 i i [l 78
0.1~0.75, F- % {2 0.51, B JJ kE g 4 3= % H %
K — TR B TURRER 85, 3 R K AR AR W 1) & R A v
TR A

5 HEMHRE S EEFHRA

i LIk, AR IR IR R H T K — BT
111 663 DT 66 301 2 P 308 S i AT BT 6 43 3t T80 A S R O
JAY L 7R 2 R — I 9 R R B 5
Wi R I i 32 A2 45 T U — DU R 3 B R

80

Tt 2 (%)
=N ~
(=} (=}
T T

W
(=1
T

o~
(=]
T

(%)

—
K9 WZa-1-1 AR E A ER S B MEEE & =
S

K A
B

Fig.9 Intersection of algae content with the amorphous con-

tent from Yueguifeng Formation of WZ4-1-1 well

LA KA LT R AT 26 F TP 1) SR A 3 2% PF o A I 2 il
ST T R AR IR R AR O TR TR ©
AR 3 K A A HLJT 5T Bk A T3 5 @R AK — BlORL
K AT LB ORAF AR 55 S AL — 5538 IR PR (T 1)),

6 it

CITR 7K — AU TR T oty 357 48 ) e e 241 18 A A
R AT JREE R A7 AE Z2 AN 8 B v s A BL
JEm L ANUBZERBILLN, 8 F, Bk A TR — &
SR B s A7 LT LA S5 7K A A2 9 BTk O = =R AT
X E TR &

(2) F 0 L AR I A 73 0 P A L 4 X P4
FR I YT AR 358 R~ R T — 3 T e I A B SR L Bl 2R
IO = e 7/ DOIR T BTN EOR | S (R B AN R
JK A= I Ui R ) BRI BILJS AR 7 4R

(3) AU A 1 R 7 22 D0 — DLk
R BE ORI B AT HLIT PR AT 26 1 55 D R 5 OB



559 4 H 55« 7 V6 il S 4 b T 7K — BOTT TV o ) e e 2 e R 2 7 4 o TR 28 R 08 A =X 1569
Sr/Ba Sr/Ba Sr/Ba Sr/Ba Sr/Ba Sr/Ba
Lol 05 Lo 15 20 00 05 1015 20 2008'0. 05 1.0 1.5 20 0.0 0.5. 1.0 1.5 2.0 2808‘2 0.5 LoLS 20 00 0.5 Lo LS 2.0
. b4 : a .: ,.,,! 2600-::
2000k 53 2000 22001 2800F o 000k g
o S, 8 Y . 2800F%
A 2200F_°| . 24001-% 3000F ¢ s
2 24001 o .. . 3200k 30001 "
x5 fe 2400} *, 2600F% 32000 & 3200F "
= 2800:.',- s . > 3400 3400=%
5 2600 X 28001 3 34008 1. -
3200 - & . . S 600k 3600}
. 2800—': 3000 < 36005 . 3800} o
3600 3000 3200 3800 3800 40005
LS36-1-1 LS36-1-2 LS36-1-3 WZ13-1-1 WZ26-1-1 NP6-8-1
C ] meokas 0 #roks [ ok
& 10 B K — BUT MR i JT &R (Sr/Ba) 5 IR C R
Fig.10 Trace elements (Sr/Ba) with well depth relation in Lishui-Jiaojiang sag
%%@%%%@Kﬁﬁ 7J<iﬁ;ﬂ)ﬁﬁﬁﬁ?'ﬂi nents of Source Rocks and Their Petroleum Signifi-

PR AR U, K — Bk, 58 38 SR I i

EAns Ededs IMEANR CKREAIR
11 AR S kK E R
Fig.11 Development model for source rock of Yueguifeng

Formation

S 2RI A D PR e T Q9 A K AR A B
TUHK R 3 IR — BUROK 55 AL — 5538 I IR .

References

Cai, X.F..,1994.Palacoclimates as a Necessary Factor in Basin
Analysis. Sedimentary Facies and Palaeogeography s
14(2) :42—46(in Chinese with English abstract).

Calvert,S.E., Pedersen, T.F., Naidu, P.D. set al.,1995.0n the
Organic Carbon Maximum on the Continental Slope of
the Eastern Arabian Sea.Jounral of Marine Research ,
53(2):269—296.

David,Z.P. ,Paul,K.L,2002. An Upwelling Model for the Phos-
phoria Sea: A Permian, Ocean-Margin Sea in the Northwest
United States. AAPG Bulletin ,86(7) :1217—1235.

Deng.Y.H.,2010. Analysis on Correlation of River and Pe-
troleum.Acta Petrolei Sinica,31(1):12— 17 (in Chi-
nese with English abstract).

Ellery,E.IL ., Philippe, V.C.,1990. Relation between Sedimen-
tation Rate and Burial of Organic Phosphorus and Or-
ganic Carbon in Marine Sediments.Geochimica et Cos-
mochimica Acta s54(2) :373—386.

Fu,X.D.,Qin,J.Z., Teng,G.E.,et al.,2011. Mineral Compo-

cance: A Case from Paleozoic Marine Source Rocks in
the Middle-Upper Yangtze Region. Petroleum Explora-
tion and Development , 38 (6): 671 — 684 (in Chinese
with English abstract).

Fu,X.D.,Zhu, W.L.,Chen,C.F. et al.,2015.Detrital Zircon Prove-
nance of Upper Mingyuefeng Formation in West Slope of
Lishui-Jiaojiang Sag, the East China Sea. Earth Science , 40
(12):1987—2001(in Chinese with English abstract).

Gao,Z.Y.,Zhang,S.C.,Zhu,R.K..et al.,2007.Sea-Level Change
and Heterogeneity of Source Rocks of Lianglitage Forma-
tion in the Central Tarim Area. Acta Petrolei Sinica, 28
(5):45—50(in Chinese with English abstract).

Hao,L.W.,Wang.,Q., Liang,J.S., et al.,2014. Mechanism of
Hydrocarbon Accumulation in Oujiang Sag. the East
China Sea Shelf Basin. Natural Gas Geoscience »25(6) :
848 —859(in Chinese with English abstract).

Jiang,L.,Wang, Y..Jin,Q.,2001.Petroleum System and Oil
Exploration in the West Lishui Sag, the East China Sea
Basin. Petroleum Geology & Experiment 23(4) ;368 —
372,389(in Chinese with English abstract).

Jiang.L..,Li, B.H., Zhong. S.L.. et al.,2004.Biostratigraphy and
Paleocenvironment of the Yueguifeng Formation in the Tai-
bei Depression of the Continental Shelf Basin of the East
China Sea.Marine Geology & Quaternary Geology s24(1) ;
37—42(in Chinese with English abstract).

Li,H.]., Xie, X. N., Huang, J. H., et al., 2012. Main Factors
Controlling the Formation of Excellent Marine Source
Rocks in Permian Maokou Formation of Northwest
Sichuan,China.Earth Science ,37(1):171—180(in Chi-
nese with English abstract).

Li,T.Y., He, S., Yang, Z., 2008. The Marine Source Rock
Formation Conditions and Control Factors. Geological

Science and Technology Information ,27(6):63—70(in



1570 HERBLY:  http://www.earth-science.net

541 &

Chinese with English abstract).

Li,Y.C.,2015.Main Controlling Factors for the Development
of High Quality Lacustrine Hydrocarbon Source Rocks
in Offshore China.China Offshore Oil and Gas+27(3) :
1—9(in Chinese with English abstract).

Li,Y.C.,Deng, Y.H..Zhang,G.C.,2012.Zoned Distribution
of Source Rocks and Hydrocarbon Offshore China.Chi-
na Offshore Oil and Gas,24(1) ;6 —12(in Chinese with
English abstract).

Li,Z.M.,Yu,X.L., Xu,E.S., et al.,2010. The Characteristics
of Mineral Components for Effective Source Rocks from
Dongying Depression of Bohai Bay Basin and Its Signifi-
cance. Petroleum Geology & Experiment ,32(3) ;270 —
275(in Chinese with English abstract).

Liu,C.L.,Yang,J.L.,Rohl, H.]J. et al.,2001.Factors Influen-
cing Organic Carbon Distribution in Lacustrine Sedi-
ments.Acta Sedimentologica Sinica,19(1):113—116
(in Chinese with English abstract).

Lu,C.F., Chen, G.]., Liang, J. S., et al., 2011. Evolutionary
History of the Paleocene Deposits in Oujiang Sag, East
China Sea Basin.Marine Geology Frontiers ,27(8):1—17
(in Chinese with English abstract).

Pedersen, T. F., Calvert. S. E.. 1990. Anoxia vs. Productivity:
What Controls the Formation of Organic-Carbon-Rich Sed-
iments and Sedimentary-Rocks. AAPG Bulletin, 74 (4):
454 —466.

Qian, H.J.,Lu,X.C.,Zhang,X.F.,et al.,2009.Spatial Paleos-
alinity Distribution and Element Geochemistry of Argil-
laceous Source Rocks in the Upper Part of 4™ Member
of Tertiary Shahejie Formation in Dongying Sag. Acta
Petrologica et Mineralogica ,28(2):161 — 168 (in Chi-
nese with English abstract).

Su, A., Chen, H. H., Cao, L. S.; et al., 2014. Genesis, Source
and Charging of Oil and Gas in Lishui Sag, East China
Sea Basin. Petroleum Exploration and Development ;41
(5):523—532(in Chinese with English abstract).

Sun,X.L.,Chen,]J.F., Liu, W. H., et al.,2003. Hydrothermal
Venting on the Seafloor and Formation of Organic-Rich
Sediments— Evidence from the Neoproterozoic Xiamal-
ing Formation, North China.Geological Review 49(6) :
588—595(in Chinese with English abstract).

Tian.B.,Pang.G.Y..Wang.Q..et al.,2012.Hydrocarbon Ac-
cumulation Condition of Superimposed Rift-Subsidence
Basin: A Case Study from Lishui-Jiaojiang Sag in the
East China Sea.Lithologic Reservoirs,24(5):32— 37,
42(in Chinese with English abstract).

Tian,].C., Chen, H.D., Zhang. X., et al., 2006. Features of

Condensed Section and Its Relationship with Source

Rocks: Taking Marine Sinian-Middle Triassic in South-
ern China as Example. Oil & Gas Geology . 27 (3);
378—383(in Chinese with English abstract).

Tyson,R.V.,Pearson, T.H.,1991.Modern and Ancient Con-
tinental Shelf Anoxia: An Overview.Geological Soeiety
of Special Publication, 58 (1):1 — 24, doi: 10. 1144/
GSL.SP.1991.058.01.01

Wang.W..Ye,J.R., Yang.X.H..et al.,2015.Sediment Prove-
nance and Depositional Response to Multistage Rifting,
Paleogene, Huizhou Depression, Pearl River Mouth Ba-
sin.Earth Science s40(6):1061— 1071 (in Chinese with
English abstract).

Wei, H.F., Chen, J.F., Chen, X.D. et al.,2013. The Control-
ling Factors and Sedimentary Environment for Develo-
ping Coastal Coal-Bearing Source Rock of Pinghu For-
mation in Xihu Depression. Geology in China ,40(2)
487—497(in Chinese with English abstract).

Yin,S.Y.,He.S..Lei.C..et al.,2014.Characteristics and Hy-
drocarbon Generation-Expulsion History of Yueguifeng
Formation Source Rock in Lishui-Jiaojiang Depression,
East China Sea Shelf Basin.Marine Geology Frontiers .
30(8):35—41,65(in Chinese with English abstract).

Zhang.,S.C., Zhang, B. M., Bian, L. Z., et al., 2005. Develop-
ment Constraints of Marine Source Rocks in China.
Earth Science Frontiers ;12(3) :39—48(in Chinese with
English abstract).

Zhang,S. P., Lii, B. F., Xia, B., et al., 2007. The Structural
Transfer Zone and Its Scientific Significance on Oil &
Gas Accumulation in the Lishui-Jiaojiang Sag, East
China Sea.Natural Gas Geoscience ,18(5):653 —655(in
Chinese with English abstract).

Zhang,W.Z., Yang, H., Peng, P. A., et al., 2009. The Influ-
ence of Late Triassic Volcanism on the Development of
Chang 7 High Grade Hydrocarbon Source Rock in Or-
dos Basin. Geochimica » 38 (6): 573 — 582 (in Chinese
with English abstract).

Zhang,W.Z.. Yang, H., Xie, L. Q.. et al., 2010. Lake-Bottom
Hydrothermal Activities and Their Influences on the
High-Quality Source Rock Development: A Case from
Chang 7 Source Rocks in Ordos Basin. Petroleum Ex-
ploration and Development 37 (4) ;424 — 429 (in Chi-
nese with English abstract).

Zhang,Y.G., Ge, H.P., Yang, Y. Q., et al., 2012. Division and
Controlling Factors of Paleocene Sequence Strata in Lishui
Sag, East China Sea Basin.Marine Origin Petroleum Geol-
0gy+17(3):33—39(in Chinese with English abstract).

Zhao,X.1..,Zhao,C.B.,Guan, X.T., et al., 1992. The Application

of Spore-Pollen data in a Quantitative Explanation of Terti-



T A7 5 - 2R 0 It 20 2t s 7K — BT M o ek 0 AL TR R 42 o TR 38 BT e 5 1571

ary Palaeoclimate in Our Country.Acta Petrolei Sinica +13
(2):215—225(in Chinese with English abstract).
Zhao,Z.G., Wang, P., Qi, P.. et al., 2016. Regional Background
and Tectonic Evolution of East China Sea Basin.Earth Sci-
ence ,41(3) :546 —>554(in Chinese with English abstract).
Zhou, X., He, S., Chen, Z. Y., et al., 2016. Characteristics and
Controlling Factors of Source Rocks in Yanchang Forma-
tion Sequence Framework. Ordos Basin. Earth Science 41
(6):1055—1066(in Chinese with English abstract).
Zhu.J.J..Wang,Q.,Liang,].S..et al..2012.Cenozoic Geolog-
ical Structure and Tectonic Evolution of Southern East
China Sea Shelf Basin. Natural Gas Geoscience s23(2) :
222—229(in Chinese with English abstract).

Bt o 32 B % STk

BN KL 1994, T M A5 1 2 A ML A0 A S AT Bl B PR3 A
iy M, 14(2) 142 —46.

iz A, 20108 W I Sl M I R R AWM EHR. 31D,
12—17.

/R B BEME IR L 25,201 1 KR U5 A 0 W 20 A AE K 3
SR SC—— LA Bl AR B A A R R A R
BB 5 FF % . 38(6) :671— 684,

AT R B 3 06, 45, 201 5. 100 7K — BEUTT (U156 WG Ak 3 A H) g
20 b B g A W IR R . 40(12) 1 1987 —2001.

B E LK E AR, 2, 2007 55 i X R B AR 4 1 OF
T A2 b 55 0 R A 1 AR 35 B A Tl 2 4, 28(5) 1 45— 50.

AR AR, FHE IR, &, 2014, 8 T G 28 435 4 WL 1M1 194 31 500K,
FECAL T R 3. R AR S H BR B 2%, 25(6) : 848 — 859.

Fr TR AW 200 RGBT KE MBS WAL
MR B s A 28 5T, 17(3) : 368 — 372, 389.

Smt AR BT 2% 5, 2004 RIE LR B & AL M B A A
U 21 A= iy b, J22 % iy IR B U I ML ST 5 5RO 20 M R, 24
(1):37—42,

AELTRL i T A B R AR 4, 2012 )11 PE AL B R 55 1 41 1 AH
e SRR IR A & B P R & U ER B 22, 37(1) . 171 —180.

2R S A A AR, 2008, 3 AH AR AR R A T B IR BRI H g
il P52 40 . b B ) 4 S 4,27 (6) :63—70.

ZERN 52015, H [ 3 Vi AR DR BT TR 08 B Y 3 s o
.o ENE FImA,27(3) 109,

22 RN ARz 4, ik Ty K, 2012, Hh [ T A I 38 TR S R IR
B 43 M B IR AR, 24(D) 16— 12,

ZE AR ATIE R R AL 2L 2010. 80T T S AR E W G A L
TR A W) 2H AR IR B G AR S A S b BT, 32(3)
270—275.

X8, % AR, Johl, HLL. , 58, 2001, 5% Wi W AH UL AUAE v i A
MUBR S #i 19 22— DL =K G 0 ). DU AR 22 4R
19(1):113—116.

BRE MR E R, B, A5, 201 1. 2R U T 42 4 Ml B VI VT R o

I AR PUAR AL T8 VE b BT A Y, 27(8) 11— 7.

BRI BT, IR S 2E L 45,2009, 4R B VT RE 70 U BE 3 8 B
BRIRAETRM R AR ENEMERE 50
W2 ,28(2) 161 —168.

TR BRI, H ok 45, 2014, 7R W A b TR K MR il A
WOk &g B AamlEsS Ik, 41105
523—532.

IV F L BRI L X SCIE L 45, 2003 IR BOK TR S S8 HI & A
GINGYES AT AN ESE S D She P ATV o = W Y
21 A B b RIS TE,49(6) 1588 — 595,

O, P R ED . T3, 45,2012, 2 4 B [ 430 b 3 A< BE 2% 18 2
M —— LLAR TG0 7K — #5091 F S 431 5 i ot A<, 24
(5):32—37,42.

M52, MRt sk 3, 45, 2006 BE4F BeERAF B 5 1R A 1Y
KRV EEITEAHEE R D= &5 6. A
5 RIRSH T .27(3) 1378 —383.

T4 A AR L5 2015 2R YT H 25 SN IV T i 42 2 %
S48 T [ A8 TR A VR ) [0 L BR AR 2%, 40(6) 1 1061 — 1071,

BRIE 6, BRI K R IR L 25, 2013, TG I 191 B Y- 1) 4 5 o 250 44
RIGIE KB W B S H ) N & E M BT, 40 (2)
487—497.

B A o) 25 BT 1, A5, 2014 7R T il 4 430 Hb T K — BT 1T B
R W2 2 R R AE B A HE J sV T b ST R U, 30
(8):35—41,65.

koK B Lk 2 B L 37 L 4L 2005, v L MR JR A K R
M2 2B AT 4. 12(3) : 39 —48.

KT H TR B L 45, 2007 7R 1 4 4 R 7K — O U1 RG4S
T A B LR ol AR B A3 A B L R AR R
BRAL2#,18(5) :653—655.

K SCIE e W22, 55,2009, 0 = & K 1L 3 %5 /R £ 30
A 7 R BRIR A R E 1Y 5% . Hh Bk 1k 2, 38(6) .
573—582.

TKSCIE AGHE AR T 25, 25,2010, 31 J5E FA K T 3 K HE X B 48
AR E W5 ISRk 2 K 7 BRI A N
Bl AR 5 IT & . 37(4) 1424 —429.

TR L 5 M A7 R A L 2L 2012, 4% I il 242 43 i R K U R o
WG Hh 2 0 ] o3 B il R 3R U A AR BT, 17
(3):33—39.

X TE 22 A, e s 45, 1992, 1) B A8 W8 B G B i B TR
[ 5 = 2 ly M A Tl A3, 13(2) 215 —225.

AXAE R, TG ARG , 45, 2016, 7R W 4 b T B 1) DX 358 b, 50 4 S5
55 i AL RRAE. b BR B 2% . 41(3) 1646 — 554,

SR AT A BRBAG L 55, 201658 K 22 W 40 Hh g B 4 K A 2T
i JZ A% S PR UR A R AE B AR ] P R Bk B 24, 41(6)
1055—1066.

PR, THL P E, 4, 2012, 78 15 il 22 25 b 1 305 397 26 A
JOT 25 K 55 4 i R R AE BIF 5. R AR bR B2, 23(2) .
222—229.




