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Abstract: Combining core description, thin sections analysis, whole—rock X-ray diffraction and scanning electron micros-
copy technologies, the characteristics of mineral composition of fine—grained sedimentary rocks, sedimentary structure and
laminations in the lower Es; member in the Dongying sag were described in detail , by which lithofacies of fine—grained
rocks were classified and their vertical evolution characteristics were analyzed using a case from the lower Es; member
drilled by Well FY1. The results show that the fine—grained rocks in the lower Es; member is characterized by complex and
variable mineral composition, frequent and weak bottom current reworking and abundant laminations. Based on the mineral
composition and sedimentary structure, there are eleven types of lithofacies in the study area, and seven of them are mainly
developed, which are parallel-laminated clay stone, interbedded calcareous limestone, parallel-laminated limestone , non-

parallel-laminated limestone, parallel-laminated mixed sedimentary rock, nonparallel-laminated mixed sedimentary rock
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and massive mixed sedimentary rock. Their development environment are different obviously. The distribution of fine sedi-

mentary facies is controlled by paleo—water depth and paleoclimate. The parallel-laminated clay stone are developed main-

ly in deep water in dry and cold reducing environment. Interbedded limestone develops when the paleoclimate changes

from dry and cold to warm and wet. Parallel-laminated limestone develops in wide and deep water when the paleoclimate is

semi—warm and wet. Nonparallel-laminated limestone develops when the paleoclimate becomes the warmest and wettest

and the bottom current develops. Parallel-laminated mixed sedimentary rock develops when the water becomes shallower

with unstable water delimitation and the paleoclimate becomes drier and colder. And the nonparallel-laminated mixed sedi-

mentary rock will develop if there are bottom current. The massive mixed sedimentary rock develops in semi oxidation and

reduction environment.

Key words: fine—grained sedimentary rocks lithofacies ; sedimentary environment ; distribution model ; Dongying sag
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Fig.1 Characteristics of mineral composition of fine—grained sedimentary rocks in the lower Es; member, Dongying sag
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Fig.2 Characteristics of sedimentary structure of fine—grained sedimentary rocks in the lower Es; member, Dongying sag
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Fig.3 Characteristics of different laminations of fine—grained sedimentary rocks in the lower Es;member, Dongying sag
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Tablel  Comprehensive classification and naming scheme of lithofacies for fine—grained
sedimentary rocks in the lower Es; member, Dongying sag
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Fig.4 Macroscopic and microscopic characteristics of lithofacies for fine—grained
sedimentary rocks in the lower Es; member, Dongying sag
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Fig.5 Characteristics of vertical lithofacies variation in Well FY'1 in the lower Es; member, Dongying sag
DRI/ B KA I3 2 S O KRN B E R R RDK S AR, A E A ELURRG A
28, N2 A5 B R U 1] TV A8 RERPHURERY 7R T AR , KA 70 2 R R
R A 2 - HEUZIRG A, Y ), R PURIEG A,



$oadk: i1

X RS AR E M D — BT W B AR TR A AR S A A= ‘9

BE i

AW Ak .

TA IR dokE
s ———

VaY%

i

FHYL R 2
WEEH CE

FHL S
B H

B6 FEMRD=ERTERAMTRAESHEI MR (FEE[11]1&250)

V
7~ CCDBRAAAMERID v vV oV YV

R v

T T S A

v VvV
- CCD
v VoV

[T
TVEL CFHAE  ATHARE YRR
BRER  OREEM RGN R

Fig.6  Distribution model of lithofacies for fine—grained sedimentary rocks in the lower

Es; member, Dongying sag(Modified by reference[ 11])

4 4

Ny
V‘ ’
(O

ARE MBS =BT BRI A 0 2 Y
R HUIRZS 20 UM i S S0 BT 425 7
55 R A BOE VR IR SR B R A UL . 25
GV R B O T RS TR AS S
FAIT AR TN SFEGURR A R
AR SFESUR A A ESUZ WA PR
SURIRA AN AT HLUZ RS AAHMPURIE G A
FHIEHIFTE X f o & 1 7 Ra AHZE RS, I A
TR TR

L B S o W A = I T R i TR S g o)
A B 1 DU K S A ol P T — 2 ) — IR
B—F DRI — W A 2 L, RO S S AR 2 1] 7
A T B A2 K TR A LR A Tl Pt s,
AREMFET> = BN Bk IO o AR 3 [6] 73 A1
B AR T I BOK B JEA RS, EER T
FLEUZM 201 s BER Ul a2 e BRI T
TR PR AR AN TR BE U I 2 DR 5 A8 A 2 3
) RGBS T, B HBUZR KA 5 155
e AR, R AT I AT HBUZ KA 5
W& KRN R AT E I Z g % E
WA HEUZ IR A s B R A 7, B Al
AV HBURR A A 7E A0 IR ) 3R
i F, A BRI A A,

SE

(1] A2, B, 50 , 45 S i AR TURUE BIFSE 1 LA 1] R
[J) AT, 2013,34(6) : 1 031-1 039
Jiang Zaixing, Liang Chao, Wu Jing, et al.Several issues in sedi-
mentological studies on hydrocarbon—bearing fine—grained sedi-

mentary rocks [J].Acta Petrolei Sinica, 2013, 34 (6) : 1031-

(2]

(4]

(5]

1 039.

FRRE, L, U , 45 55 PR B DAl P i ——L
AL 2 G O B L) ] A i1, 2013, 34(1) : 83-91.
Wang Yongshi, Li Zheng, Gong Jiangiang, et al.Discussion on an
evaluation method of shale oil and gas in Jiyang depression: a
case study on Luojia area in Zhanhua sag( ] |.Acta Petrolei Sinica,
2013,34(1):83-91.

RPN, F AR I W, A5 AR U e DU 2 T 2 R
(O] 5 R i, 2016, 23(2) :52-56

Zhu Deyan, Wang Xuejun, Hao Xuefeng, et al.Study on sequence
stratigraphic division of oil shale in Dongying sag [J].Petroleum
Geology and Recovery Efficiency,2016,23(2) :52-56.

FLAEZE, LTE, 5, 55 R IMBE D — BT I B AR iR
SRR ARSI ] 5 R 2016, 23(4) 1 19—
26.

Kong Xiangxin, Jiang Zaixing, Han Chao, et al.Laminations char-
acteristics and reservoir significance of fine—grained carbonate in
the lower 3rd member of Shahejie Formation of Shulu sag[J ].Pe-
troleum Geology and Recovery Efficiency,2016,23(4):19-26.
P XURIAR, FNER , 5. U1 bt B JR 2% il A el e 1
BHTUAHM L) ] MR 2%, 2016,23(2) : 96-107.

Ran Bo, Liu Shugen, Sun Wei, et al.Lithofacies classification of
shales of the Lower Paleozoic Wufeng—Longmaxi Formations in
the Sichuan Basin and its surrounding areas , China[J ].Earth Sci-
ence Frontiers,2016,23(2):96-107.

TR, T4, T, A B P I - R AR TR SR
PR R R (TR PRA I 57T %, 2015, 34(1):169-174.
Zhang Peng, Zhang Jinchuan, Huang Yuqi, et al.Gas— bearing
property and its main controlling factors for Wufeng— Longmaxi
Formation marine shale in Northwest Guizhou[J |.Petroleum Geol-
ogy & Oilfield Development in Daqing,2015,34(1) :169-174.
KA RN, AR AN, S A A A N DR M AR TR
AR S LRI [ ] KRR THIERFL %, 2016,27(2) -
309-319.

Zhang Shaomin, Cao Yingchang, Zhu Rukai, et al.The lithofacies
and depositional environment of fine— grained sedimentary rocks
of Xiaohu Subsag in Yabulai Basin[J].Natural Gas Geoscience,
2016,27(2):309-319.

F5RER, X, 4555 FH I B AR IR R 45 Mt



<10-

o R

5 R

o & 20174F1 H

[10]

[11]

[12]

[13]

[14]

[15]

[16]

BT (1] AR AR #5440, 2015,39(3) : 7-14, 31

Wang Yong, Song Guoqi, Liu Huimin, et al.Formation environ-
ment and sedimentary structures of fine— grained sedimentary
rock in Jiyang depression [J].Journal of Northeast Petroleum Uni-
versity,2015,39(3):7-14,31.

Schieber J, Southard J, Thaisen K.Accretion of mudstone beds
from migration floccule ripples [J].Science, 2007, 18 (5857) :
1760-1763.

SR, B0, Bak AR , 45 AE IR PE A v = F B ——b
LB TU R A B R HRAEL] ] R AR I ER B 272, 2015, 26
(2):320-332.

Zhang Shun, Chen Shiyue, Yan Jihua, et al.Characteristics of

shale lithofacies and reservoir space in the 3" and 4" members of
Shahejie Formation, the west of Dongying Sag [J].Natural Gas
Geoscience,2015,26(2) :320-332.

HRB R, WO, S8 1A S, A5 AR L S RO U £
St 4 05 ST [T ]l T S RN, 2012, 19(6) « 16-
19.

Hao Yunqing, Xie Zhonghuai, Zhou Zili, et al.Discussion on
multi—factors identification of mudstone and shale [ ] ].Petroleum
Geology and Recovery Efficiency,2012,19(6) : 16-19.

S AE M T I R VDY L B AR D URRRE 5 R P 2
WEFELD LAES: M R (AL 50) ,2015:24-38.

Wu Jing.The study on sedimentary characteristics and sequence
stratigraphy of fine—grained rocks of the upper fourth member of
Paleogene Shahejie Formation, Dongying Depression[ D ].Beijing :
China University of Geosciences(Beijing),2015:24-38.
SRR, €0 A5, AR, A5 391 AR U m] Bt —— LU
T B AR M D B ] A i B 2R 5 0T %, 2014, 41
(6):641-649.

Zhang Linye, Bao Youshu, Li Juyuan, et al.Movability of lacus-
trine shale oil: A case study of Dongying Sag, Jiyang Depression,
Bohai Bay Basin [J].Petroleum Exploration and Development,
2014,41(6) :641-649.

T % U PR B DU il R AR LB ) AR R R, 2015, 22
(3):27-30.

Ning Fangxing.Mechanism of shale oil enrichment in Jiyang De-
pression [ ] ].Special Oil & Gas Reservoirs,2015,22(3):27-30.
AR R S A AR T v T AR 8 VU FLURE S LI
BRI RLEE L) ] A il e 5T, 2015, 37(5) :566-574.

Li Juyuan.Pore characteristics and their evolution in Paleogene
mud shales, Dongying Sag, Bohai Bay Basin [ ] ].Petroleum Geolo-
gy & Experiment, 2015, 37(5) :566-574.

AAT L 40, TR B, 55 AR B Y I 1 AR R I A 2H
ARFIELT ] U402, 2004, 78(6) :416-427.

[17]

[18]

[19]

[20]

[21]

[22]

Zhu Guangyou, Jin Qiang, Zhang Shuichang, et al.Combination
characteristics of lake facies source rock in the Shahejie Forma-
tion, Dongying depression [J].Acta Geologica Sinica, 2004, 78
(6):416-427.

XUEEIE &7/ X s 55 BRI 55 = FR AR A=t A o0
FEIELY ) DTRRA4, 2001, 19(2) :293-298.

Liu Chuanlian, Shu Xiaoxin, Liu Zhiwei.Micro— characteristics of
Paleogene lacustrine petroleum source rocks in Jiyang depression
[J].Acta Sedimentologica Sinica,2001,19(2) :293-298.

e BBF I B T T R DUA R SUZR A MO 42 [T ] 75 4k
R E HUBRFRE L, 2012,42(3) :666-67 1.

Wang Guanmin.Laminae combination and genetic classification
of Fogene shale in Jiyang depression[J ].Journal of Jilin Universi-
ty: Earth Science Edition,2012,42(3) :666-671.

A3, B WIAR YL A A 1 PR 2 B R A5 AL [0 ] DT
##%,1990,8(3): 1-21.

Deng Hongwen , Qian Kai.The genetic types and association evolu-
tion of deep lacustrine facies mudstones [J].Acta Sedimentologica
Sinica, 1990,8(3): 1-21.

WTTT AR, £ AREMEY =T — M BB bUA &
ARPCRREREE 387 [0 ] A A3 HARBL# A, 2015, 39
(4):19-26.

Yang Wanqin, Jiang Youlu, Wang Yong.Study on shale facies sed-
imentary environment of lower Es;—upper Es, in Dongying sag[J ].
Journal of China University of Petroleum: Edition of Natural Sci-
ence,2015,39(4):19-26.

R ARFRTE, XURE, 45 W AL TURRHE 5 & A HLB U
SIS —— LSRR 2 A i AR A 7 iR A R 0 ]
IR S5 % ,2015,42(1) : 34-43.

Yuan Xuanjun, Lin Senhu, Liu Qun, et al.Lacustrine fine—grained
sedimentary features and organic—rich shale distribution pattern:
A case study of Chang7 Member of Triassic Yanchang Formation
in Ordos Basin, NW Chinal[ ] ].Petroleum Exploration and Devel-
opment,2015,42(1) :34-43.

WK, EIERT , TR, S5 AR SUZ IR AR A RAIE PRI K
HBUR I L —— DL =) 4 5 BT IV R — & R P i 28
GBI AR S IF %, 2015,42(5) :598-607.

Liu Bo, Lii Yanfang, Meng Yuanlin, et al.Petrologic characteris-
tics and genetic model of lacustrine lamellar fine— grained rock
and its significance for shale oil exploration: A case study of
Permian Lucaogou Formation in Malang sag, Santanghu Basin,
NW China[J].Petroleum Exploration and Development, 2015, 42
(5):598-607.

“RAE



