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Characterization of sedimentary microfacies of shale in the lower third sub-member
of Shahejie Formation, western Dongying sag
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Abstract; Previous studies on sedimentary microfacies are mainly focused on coarse clastic skeleton sand bodies. whereas less atten-
tion has been paid to shale-related fine-grained microfacies. This is despite that huge amounts of fine-grained deposits are widely dis-
tributed in sedimentary basins in both horizontal and vertical planes. This paper takes the example of shale lithofacies in the lower
third sub-member of Shahejie Formation (Es;*), western Dongying sag for systematical classification of shale facies. Under the con-

X

trol of skeletal sand bodies. the semi-deep and deep lacustrine facies of Es;* is divided into five types of microfacies based on shale
rock types and lithofacies characteristics, combined with the control of factors such as hydrodynamic conditions for shale develop-
ment. palaecogeomorphologic features, and sedimentary events. These types include flat-broad semi-deep lacustrine microfacies, sub-
merged uplift semi-deep lacustrine microfacies. deep depression microfacies. turbidite outer edge microfacies. and subaqueous [an
[ront microlacies, Further. the dilferences in mineral composition. diagenesis. and log response among dilferent microfacies are ana-
lyzed. The study on sedimentary microflacies of fine-grained deposits is of guidance value especially [or oil and gas exploration in shale
reservoirs.

Key words: western Dongying sag; the lower third sub-member of Shahejie Formation; shale; lithofacies; hydrodynamic conditions;

sedimentary microlacies
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Table 1 Mineral composition distribution of shale in the lower Es; and the upper Es, in the western Dongying sag

= LENYE R %

7= Y N N N - —_ - e
B Bt 4% WRA BKA HR4 ARG WK EH
VAT 4 = BT [* ] 9~54 10~39 0~2 H~21 0~74 1~71 0~=7 0~3
EXE O 3014 21,37 0.17 5,23 31.17  8.06 2.89 0. 89

Vi 5 40 U B - [% [) 1~57 4~42 0. 00 0~18 (0~95 d0=—61 0~13 0n~1
FHEE 1921 21,21 0. 00 4.46. W2 54 9.43 3,00 0.14

45T 5 20 PO X [8] 2~51 2~060 0. 00 n~22 1~91 1~76 0~16 0~2
FEHME O 21.38 21,06 0.00 A9 27.25  18.75 4000 0. 31

ré o o P ~2 ~7 ~105 s s —

3 [ [la] 1~57 2~60 =2 0~22 0~95 0~76 0~16 ~3
FHEfE 24.49  21.25 0.08 5.35 3441 1071 315 0.51

FAE LA R 2R A A0 R 4
R IR DARRER AL (R 0T A B AR S = oo R o
AR UL 2% 1 4% AE AR R A PLTE A R S B
PR 5 ARE 0 9 AR R £ 50% 7 i o 5t F — 2B R
I A EADLR TOR S m A BT TR A h A L
JE VORI A LS TUIR K 5T 2 2 AR PILBE e
KA ARAHURBOR B 255 6 AWK, BRI R 4K

1 B0, BL7E 50 2% 18T A LA YR T LB e ik
BRRPMERER. SRR, EEXNRKEME
U =T B VR U A 2 B AT R 4 o e BUZRARIK
A RN T RP R TURIE) V85 B 2R K s (R &
K BRI A TUR IS TURE 48 B2 RIRE
ANpr e HORIR 5 4H0RLE R RO R E I 5 R E A 26
B D



41 gk M - A5 TV BE VG R A 2 = B B A T R A A 635
VA
b OB BT e ES
E2'g
=
4
& sk (W/PMmEE) ,
% S ED Ak, o HlaRsE
B
i 20y
B 1H 3 738.60 m : B 1H 3738.60m
i SUEH, B,
ﬁ g sk, HEA R
Sl #Eehfl
=
i oW P
Zom, AT
FIT1H 3 660.32m FT1H 3718.80m
x
# Blagk, 7¥lkgs,
% TER R
Zem e
FT1H 3655.35m FITI13F 3 655.35m
48 Wiks W/ P
B FRWES S, BRSET
R Mligisk, BV HE
% Bl
a
= el
413 3383.51m FITL1H 3738.50 m
Hh
R
4 HoiasE (B
& Y gk, Bl
B
. 2em 20
BETT1H 3 585.60 m BT 13327743 m
1 XEMBASP=TIEIERFERNSSHESIT
Fig.1 Characteristics of shale lithofacies in the lower Es, in the western Dongying sag
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Fig.2 Log response characteristics of the shale lithofacies in Well Fanye-1
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Fig.3 Core photos of hydrodynamics and sedimentary environment
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Fig. 6 Diagenesis and reservoir space of the shale of the lower Es; in the western Dongying sag
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44

i TSR AR IR P D A 2H = B I B B BT BURUA 641

3.2.1 FRFRAMAD

S > TR B R T A K R AR X A TR I ST S
W X, RARE M BB = F BRI AR
BUR T At 26 Y . ol o B P AL R X, OF
e W0 R & B BE B AN A K TR R L DR A N DR K
o 18 IR T U K G 11 T2 B 0 5 K Bl i B A 5
IEWEK . P BE IR X R, HA T A Bk R A
39k Lo ke 0 ME A 3] 3 L F I 2 T RO R R R
H: K UTB A L OF B B2 21 802 R i bL DL FR 4
X7 F) A 28 B4 S B A L T G2 R K L e J2E AR K
AR REANE TR A, DU A )
FHH YR — (B0 2R — TR —E02 R —H R 5
ACHFAE - B2 W K AR by 2 B 0 B R I B k. O W
BRI KERIKESTRF L AL A0 1m
EHNEHGHSREZS KBROATRE LA EEE,
MM ELEE. RAEMEENELER T
WA YR Z K& 425 M 25 T8 40/ 1 9 BORLIE & 1) HE
D REERMARAMELSREHN. REXR2
FE 24 R BER T I 50 1w TR 4% B b i 4% 5 L
BRL S LAZE 0 Y 5 (8] L L O A A EE 45 SR R A 5 J)
FLIE AL g . 2R R AR NS AR B
BEHEOR B R ¥ & GR i 3 8 (50~90 APD) ;
FMER BEE (DEN) 3 (R 8/ B T8 — 40 % 19 DU R 4
fiE s M2 o - (CNL) 1 28 5 % BE il % 2 4 8 3% i B4R
REFR TR #MEE P T R R A P A 22 (AC) H F)
B 8(a)—& 8(e)].
3.2.2 KTFHBEFRHHM

KT I A 2 % 8 MO 3 R R A - e R R
f18 J 25 S B DX 358, o A6 1 ) 2 T 080 SO PN 9 s vl O AR
B FR 7K T JR B IR , W) 672 45, K B R 3
W AR A BB /0N o T 2 O R B X, K B )
58 T 2 B M A . ¥ = F I BLUT R (9 K R &
A 2 R TR 7E 2 A T () )Y 51 B R B b D R B 4
RFEHBE RAES KRS N EZLE 8(d], %4
HEUBT A SSZRIE A RS N FFIE . &0 W
ERFHER BERGESHDEIREEFTED =T
WM JEERPLE 1. 5~4. 0m, HAEJLFH
WK K08 T4 KE BUZ R &M R
o AR R O R SE R4S v o A B s AR
(AR AXEFHBEROEHR. RELRTH
o T 4 R 8 A L L DR S Y 3 B ok Il AL S i AL .
I - iy £ 48 A 5 O W 2 TR 0 SO 26 LB A BE R
) B R L B b B RS (40~ 60 APD) | Hh— 7% %
JBE PR BEL R AR R T B RRAE L A R IO
5 VI T £ B R 25 AN A AE D A B AT /N TR

ERRIE 8D,
3.2.3 EiE#sm

R B S T T8 I AR P 7K AR e TR A s - T T
b B AR 5 43 B R A 1 DT A 2 ) X
7K 2 10 o 3o 3 o A~ B KL 8 0 5 {EL A 38K R
o1 B [E] b F 53 2RSS R R AK K b F T ZE M R A
R T PR B AR, LAY 1 R 0], A b
N RE MK B @Y 5 5B A KM 5 e 2 5 H B b
AHECE 8Ce)]. ¥ 1A & H 258 LA A HL R 5k
B R B L 2 2 )R] L A/ A SR B S Sy
fio WAEEMEZENESIER. KRBT Y gisE & )2
)4, W3 2k L B S B B AR b L YR Ok
W B B SR ) 5 2R W IR AH 5 5 B8 Wl O 5 b op -
He B vl B T W G R JEE 25 5 75 e 2 R R 1L
Ve b b Br AR IR E L 8(e) ],
3.2.4 RRA%MA

W = F W BUT AR 0], 7 i G A 8 B 3 A O R K
THWEMWEMNXET 7T RRMBBEE D, EY=
TUEB U B 2R DU M A L, d RS 5 BRI 4
SRR FEER . AR REMBEY =
TRBUFRMERE W EAVREROE D], 7K
i 8 T T R 0SB B R R IR W P . A R
TR fy Wt 40 B 28 0 4k ) D8 DT AR 26 R B 4 1
HEBEBEAEMBAE B HERN X, KKK
Wi FEBMBDER, B Ksh hRHEL2, B
R B RBI RS, hFHRBEIAERZ,
P U A BT 20 TR0 X I X 1 ikt AR P 4 A A 4
fit EXAFAFLCE 8(g) ME 8(h)]. 0 B4k & #
ARERRFEW & W RIEE R K G I B e
HRKEIR A . e TUA A RIS DLHOIRIE & g0kl s &
TR HURFE a3 A 2SR B S B
SRS TREF o A EG T R 2 TR BOK T R AR A TR
T, i B R T e A PR i B R BRI,
Ve T2 R BB o W i 5 o 7 i o 1 9 0 by £
S IR B AR (60 ~ 80 APD) ; % B 5 v 7 £L [9 J3 1l
H il RARAR W G A A R K5 e 22 il R R AR AR
K. EZRWE.
3.3 ROERERHEE

R EFE REMPEE Y =T WEB TR 3
W) R T AR . AR e S A AR 1 TR
W AH » 58 0 AL R 2R 1 R BE I & Al S DT Bl
F12E AT K A 2R AR T BR X% 5 3230 Bt K R R M i
5 W B 6 o D9 KA B B 3 N R 22 i i A B R
TR 35 2243 A A R R kB Bl A0 08 X T AR
K IUF 5 4 7 A e AR — 2 S i R



20144 35 5

Eitd

it

642

SOIDBJOIOIW I[BYS JO SonsuajovIRyd Surdfoy g *Siy
WP W BRI 8 B

(W )/ ok B b O — Y
C (W )/ A RS T—STH %/ chi—TIND (WS ) EEMIR s OV (oS )/ FEE—NAQ VNS E—E9 AT R EH—dS TR0 Y s R

el A LAl

=il ROedRs SaERE 70 A W w=ZH U@ Ry =23 2 0 + Bk HET =31
=] = XX ] =] - =1 =] =] [=] =2 =]
(2) (€] (=)
=2 W . 06% €
0TI €
1 x| | 1 .—\-I Ohwm cm.—-m
01T €
095 € OLY E
001 € .
0SS € —
oS €
- 0St €
I = 0£S €
0zs € orvE
0L0€ 01 € (33
Sh— 1 SE—— 01 0l o SEom S
¢! IND 0675 OF] w sTd IND ° o6 0F w 0645 0F W
S’ i ey ) : ., 05 e W L ) =2 T i
9 4 = — / — / /
0s1 uq_z. T il 015508 Swm%ﬂ T Hg| |ost Sy 05 §9 wmoon T EhS EE
4 6L ik 4F 101 Mk 4 61L31 JE 114
(p) (9) ®)
m w ] 089¢€
= o €Z € T
F W.n 0E8 € 0L9€
i = 0Z8 € 099¢
f HE= 1Z € ”u. — — % OIBE
um W S 0s9€
= 008 €
= | ZE M
Bl 06LE 1 o9 €
1€ I
=t Iuw 08LE I L 1| Al 0€9 €
S — 1 or—01 Sf— 1 8t 01 Sb— 1 0F-— 0l
065 OF T IND " 065 OF RS o 12! IND T pe—==ot u Y IND " 065 0F w
0FT—08 §9T—0TT —0L §9'T—0C" 1E%| locr—oL s9T—ozz - 89 WE | R —0L §9T—0ZT | rmn
e tad 061 0L 59 w mnﬁ T e = OET oL zmn
HTL9 i I tr 2 LT £ 110




%4l g WTSE 7R A P D A 2H = B S B B BT BURUA 643

JE G AR B TRTEE SO (3 B 48 /N, 2 B A3 i ZE B )
VR DX AR o 558 376 19 R [X., Bk 1 A 7K 1k 30 /0 i LR U
FRN TR R B RS (U8 T 5 HH LA T
RE 8 BUZRIBA RS R T

- 1] e Y 08 O B R A ) I e A e
FE AL o v b 550 AR A S % W I T A S48 P B T
FRABEK 5 o T 328 B W WX, o 22 ok 3 o o DA iRk, WD =
B UL R 38, F I8 2 1% 39 GO TR 4 4 B BT ER 9
e i 0 R U ST 0 R 2 5 AH T T B K A
- ] 2 A R 2 80 ST v S e K R I A A 28
MR R BERIKE BUZ KRB A MR A . I 2R
AR TURFE L ABA oA (BB LSRRI A
SERRIBAMBTTERE R E, IRBLEED., K
T R A 2 YR PR T A 2 TR I K R AR X, R
b RERAHR 2 A A6 W TR GO I A 2 A B A -
I 2 R P 8 A ) S R e & T K R A R
M. Bk EA KT RN WM A S A IR R &
B AR ARAE 45 1T 5 O B 2 T A 2 el R
TR A X e o b A o A R 1D VR A
UL A X B 2 % RRAE AE T O iy R E o AR )
L 8Cb) & 8Ch) ], fH 3 o 5 0 W %% B oty 3 350 49 10E W]
IMEAX 43 . B W 200 4 O s R B AR 2 3R AR 4
A o o 708 4t 550 A R 108 K 5 3 s o 8 LA T AR 4k s B b 1)
5 » DU GORE g o A tho 44 B 1 BBy e 18 2 I B g R 1

T3 J% P 8 1 B A
4 4 ©

(D) ARALA R R R 12 B L 8 W0 A 3 36 558
122 5 » AN Rl Sl B0 85 v e 3 AS () I 280 41 2 A S 28 i R
MA. WM R TUE DIBIA S, £
T2t U DU TR ST 134 vl 3t 550 B 380 430 iR ) 474 22
5t MR BIR BN F1 5 A A TR 5 T AN (R 4 o 3 AL L A
(7 s AL A [vi) T 32 1 U8 B AR T [ 41 5 s R R
ZMAFIE. N A] LAFE B 2R DB A i T £ 5 e 3T
A RRAE K Bl ) RRAE LA B il 38 4 e %0 R A SR 8
FHE K TR BE AT T A T 0 i JE 2

(2) - il > TRIWA TR AT [ T = R TR IR
TR Dy R R bR e KR DR A8 2 M
PP =T R IUE EEMMMER. AMER
B0 2t s o ORI R BB AR 20 A o 320ty 0 £ TR B o
PFUTBUE W, Jm R HH B K 3 X

(3) A[a] Y8 B AR CALAD) 1) UTRR B B0 358 J 1
22 SRS BT L R IT AN [R) B B 58 T 8 T i IR B 9 R
REREOEFE I BN A [ DU GO J 1 14 8 B A
L7/ )W e oy e N L DA 1IN e (B TR E 21

RZESE S HAW T 6 Tl 2 10 BOWSS 14 R0 &
AR AR T U8 BUA UURR BRI S L X 8 T 3l <
B R T R AR R

2 % X W

(1] Fa. k. eEd. EBEMEPER LT T B =B
B (L) 1. e R 4R . 2002, 21(2) : 80-82,
Zhou Hong, Yang Yongli. Lu Guopu, Study on sedimentary mi-
crofacies: taking H3 submember of Xia®ermen oillield as an ex-
ample[ ] 1. Geological Science and Technology Information. 2002,
21(2) :80-82.

1 FFE.EHE.HEM S EAMBEXHBE FTHE=71N
BEWEMERER R AAL] Al KFEH: 8RB 2K,

2002.26(4) : 16-22,

i
LI

Li Shoujun. Wang Xinzheng, Yang Guoquan,et al. Type and dis-
tribution of sandstone reservoir of fourth member in Shahejie
Formation of Palacogene in Wangjiagang area of Shengli oilfield
[J]. Journal of the University of Petroleum.China.2002,26(4) ;
16-22,

[3] PRttt . BRgk e . 58 3035, FEn R b B I &R TR e L) .

A i 5 IF % . 2003,30(3) :36-38.
Chen Shivue. Yan Jihua, Yuan Wenfang. Evolution of sedi-
mentary [acies of the Paleogene in Binnan-Lijin areas, Dongy-
ing sag[ ] ]. Petroleum Exploration and Development, 2003,
30(3) :36-38.

(4] 9%t . EHOAE 25 00 10 L 55, 78 10 B o 0O 32 0L B0 i R R 0 5

(4 1 TR — A CE B BE 73 R OO Bl RS
THR.2007,21(4):12-15,
Jiang Jiemei. Wang Xinzheng, Li Jishan, et al. Microfacies classi-
fication of shoal bar sand and lateral Prediction of sandbodies of
the fourth member of Shahejie Formation in Dongying depression
[17. Petroleum Geclogy and Engineering.2007.21(4) :12-15.

(5] BERltm . BRI 6. W i0 HT 00 B0k 3 R 43 7 58 B OO - 4 E 4 it
(7. %2 @M 5T . 2007, 1701) 1912,

Kang Jianwei.Chen Xiaowei, A scheme of division of lacustrine
sediments system and its logging featuresf ] |. Geology of Anhui.
2007, 17C1) :9-12,

(6] #bizie. ML PR J8 B 5L 5. 355 80 ORI R SUR IR 008 458 4
Hedp 2 7 BV L i <THUT S R 8. 2012.19(6) £ 16-19,
Hao Yunging. Xie Zhonghuai. Zhou Zili. et al. Discussion on
multi-factors identification of mudsione and shale[ ], Petroleum
Geology and Recovery Efficiency.2012.19(6) : 16-19,

[7] #=EH EHR-EMT REFETAURBIARTHASN
ARG E ], RRS T 2009,29012) : 115-118,

P, NS HE, ons Persyt. Develspment chyraeters-
tics of organic-rich shale and strategic selection of shale gas ex-

ploration area in China[ J]. Natural Gas Industry,2009,29(12)



644 FEE - 2014 4F 535 %
115-118. L1917 ABZE 3. Rl TR MIAR e & o a2 B A28 5 i L L) ). DR S
(8] &84 e # A0 M, 55, i = 0UE SO R MR 92 gk [ . - 1990,8(3) :1-20.
KIRE Tolk . 2011.31(12) :26-39. Deng Hongwen.Qian Kai. The genetic types and association evo-
Zou Caineng.Dong Dazhong. Yang Hua. et al. Conditions of shale lution of deep lacustrine facies mudstones[ ] ]. Acta Sedimento-
gas accumulation and exploration practices in Chinal ] ]. Natural logica Sinica+ 1990.8(3) ;1-20.
Gas Industry.2011.31(12) :26-39, (207 Sk o 240 06 . 25 A28 1B ol S 3R 08 04 op 7 7E T fIEF

[10]

[11]

[12]

[13]

[14]

[15]

[16]

7]

18]

Schieber ]. Facies and origin of shales from the mid-Proterozoic
Newland Formation, Belt Basin,Montana. USA[]]. Sedimentolo-
gy, 1989,36(2) ; 203-219.

Liang C. Jiang Z. Yang Y. et al, Shale lithofacies and reservoir
space of the Wufeng-Longmaxi Formation, Sichuan Basin, Chi-
nal ]]. Petroleum Exploration and Development. 2012.39(6)
736-743.

Loucks R G, Ruppel S C. Mississippian Barnett shale; lithofacies
and depositional setting of a deep-water shale-gas succession in
the Fort Worth Basin, Texas[ J]. AAPG Bulletin, 2007,91(4) .
579-601.

Abouelresh M 0. Slatt R M. Lithofacies and sequence stratigra-
phy of the Barnett shale in east-central Fort Worth Basin, Texas
[J]. AAPG Bulletin,2012,96(1) ;1-22.

Aplin A C,Macquaker ] H S. Mudstone diversity:origin and im-
plications for source, seal, and reservoir properties in petroleum
systems[ ] ]. AAPG Bulletin,2011,95(12) ;:2031-2059.

Ali W, Gale J, Ruppel S C, et al. Lithofacies, depositional envi-
ronment. Burial history and calculation of organic richness from
wireline logs:a study of the Barnett shale in the Delaware Basin,
Pecos Co. , West Texas,and comparison with the Barnett Shale in
the Fort Worth Basin[ R]. WTGS Digital Publication £ 08-120.
2009.

Hickey J J, Henk B. Lithofacies summary of the Mississippian
Barnett shale.Mitchell 2 TP Sims well. Wise County. Texas[ ] ].
AAPG Bulletin, 2007,91(4) : 437-443,

T3 S0V WL S I R 48 T < U L i 2
FRAECT ] AP HE L RS20« FAAFHRRR 2 2012.3902) 1 182-189,
Ma Wenxin, Liu Shugen, Huang Wenming, et al. Mud shale res-
ervoirs characteristics of Qiongzhusi Formation on the margin of
Sichuan Basin, Chinal J]. Journal of Chengdu University of Tech-
nology : Science &. Technology.2012.39(2) ; 182-189,

JASE 3 ST, KR A TUE TR L R Al . 200203)
75-80,

Zhou Lijun. Hou Guiging. The sedimentary process of black shale
in deep water[]]. Sea Petroleum,2002(3) . 75-80.

BEFE. b [ AR A R U8 B i Rt AE B M R L], R
R Tk .2012,32(4) :1-5.

Kang Yuzhu. Characteristics and exploration prospect of uncon-
ventional shale gas reservoirs in China[ ] ]. Natural Gas Industry.,

2012,32(4) :1-5.

[21]

[22]

[23]

[25]

[26]

[27]

R A TIT L], KR SObER R 22, 2012,2301) 1413,

Zhang Linye, Li Zheng, Li Juyuan, et al, Feasibility analysis of ex-
isting recoverable cil and gas resource in the palaeogene shale of
Dongying depression[ ] |, Natural Gas Geosciences2012,23(1)
1-13:

ZEE IR, 7R E MBG TR 0U A 0 R R B A b [ . DU SR .
2003,3104) :616-620,

Li Juyuan. Analysis on mineral components and frangibility of
shales in Dongying depression[J]. Acta Sedimentologica Sinica.
2013,31(4) :616-620.

ROCH AR TR B S5 U B BE 2R 11T ol 3T AR 0 9 2
R B Y RRAE B R L) ] o B2 3R . 2005, 7(1) : 59-69.
Zhu Guangyou.Jin Qiang.Zhang Shuichang. et al. Characteristics
and origin of deep lake oil shale of the Shahejie Formation of Pa-
leogene in Dongying sag.Jiyang depression[ ] ]. Journal of Palaeo-
geography,2005,7(1) :59-69.

TG R R A I S ADRL IO BUS BIF S R LA 1R LT
R . 2014,34(6) 1 1031-1039.

Jiang Zaixing, Liang Chao,Wu Jing, et al. Several issues in sedi-
mentological studies on hydrocarbon-bearing fine-grained sedi-
mentary rocks[]]. Acta Petrolei Sinica,2014,34(6):1031-1039.
FAEXE TR SCIE L BEE L SE. TUE AR SRR R R =R
[J]. il 54 . 2014,35(1) 1 184-196.

Jiang Zaixing.Zhang Wenzhao, Liang Chao.et al. Characteristics
and evaluation elements of shale oil reservoir[]]. Acta Petrolei
Sinica.2014,35(1) ; 184-196.

FoKRFEE UM LS. O S O SOV i LA A
1 s 52 F K R 1T, A 41 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 Sini-
ca.2013.3401):83-91,

ENR GRYRTE. i B WA R 5 B T O A A A R L)L B
Fl AR 1999,44(6) :579-587.

Wang Sumin, Zhang Zhenke., New progress in study of lake sedi-
ments and environmental changes study in China[]]. Chinese
Science Bulletin, 1999,44(19) ; 1744-1754,

RO GEHE CERS. MR- ERABEERNANES
SFRFRE RO AR (LY DL B 2 3R 1999, 15C1) 1453461,

Wu Chaodong, Chen Qiying. Lei Jiajin. The genesis factors and

organic petrology of black shale series from the upper Sinian to



%4l ik

PS5« 4% TU1 B 1 0 90 7 2 = B B B T 0 AU

645

[28]

[30

[31]

I
|

[32]

the lower Cambrian, southwest of China[ J]. Acta Petrologica
Sinica1999,15(1) :453-461.

KRS AL F L BCE A A MO o R L
Hin [ 4 RERE 2 1989 £ 1-370,

Lerman A. Lakes chemistry geology physics{ M]. Translated by
Wang Sumin. Beijing: Geological Publishing House, 1989 1-370.
AR M E SR UE A T A LML JE 5 5T R
L1984 1-216.

Matter A.Tucker M E. Modern and ancient lake sediments] M],
Beijing: Geological Publishing House, 1984, 1-216.

B B e . 07 B e W L 2. RS (] B )R TEE R A4 i1 3 T B4 B
g PATT BRI A il ()], o E A4 D $8 .2003.33(6)
563-568.

Chen Jing’an, Wan Guojiang, Zhang Feng. et al. Environmental
records of lacastrine sediments in different time scales: sediment grain
size as an example[ J ], Science in China: Series 1D, 2004.47 (10,
954-960.

BHEZ . ERCR R S, WUV ERLE i S R 8 X
ATLOUT JGUIL B ) i Oy ) 0] 0 5 B 4R 200423 (4D
41-43,

Xie Yuanyun, Wang Qiuliang, Li Chang”an, et al. Climatic impli-
cation of grain size from lacustrine sediments: a case of study
Jiangling section, Jianghan plain [ J ]. Geological Science and
Technology Information,2004.23(4) ;41-43,

FAEXS. GURE LML JEST i Toll i R A - 2003 2 1-540.

Jiang Zaixing, Sedimentology [ M ]. Beijing: Petroleum Industiry
Press. 2003 1-540,

ik S AT« 2R (A1 SR, 340 JRE K TR ek JRL A 7 35 B v Y £
[J7. AKFl 4R - 2004012) ; 34-38,

Zhang Fabing, Hu Weiping. Qin Bogiang, Numerical analysis on

influence of topography on wind-driven current in lake[ J]. Jour-

[34]

[36]

[37]

[38]

GRS H 1 2014-01-10

nal of Hydraulic Engineering,2004(12) ;34-38.

EZ 5 FEME L EW . F PR D A= L KW AR
T2 250 o T R 43 A AR AE [T AR 2 3B U . 2007, 11 (3D,
12-21.

Wang Duoyun, Li Shutong. Wang Bin. et al. Shape of lake basin
bottom and characteristics of lithologic reservoir distribution in
Yanchang Age. Triassic of Ordos Basin[ ] ]. Low Permeability
Oil-gas Field,2007.11¢3);12-21.

FEREHEE B SR R B 5. MR T 8 0 B U 0 s O i A 2%
FEICFE AL . A7 41 - 2009, 3004) :536-542.

Zhuo Xizhun. Wang Qi.Zhu Xiaomin, et al. Relationship between
bottom morphology of lake basin and filling sequence during de-
pression period in the southern Songliao Basin[]]. Acta Petrolei
Sinica.2009,3004) :536-542,

R 7 AR B o [ 90 O BT S A PR T K . BRI S R
BT, HERFLE B L 1999.14(4) 1 417-422,

Zhang Zhenke. Wang Sumin, Advance and prospects of lake sedi-
ments and environmental changes study in Chian[ ] ], Advances in
Earth Science.199%, 14(4) :417-422,
HRCA B R AR 1 W
oI A AR . 2002,23(5) :34-39.

PAZR & MK o 38 9F

Zhu Guangyou,Jin Qiang. Study on source rock heterogeneity:a
case of Niu 38 well in Dongying depression[ ] ]. Acta Petrolei Sin-
ica,2002,23(5) ;34-39,

KA EWRHKE . FREMEBYTHANHBESNES
FRAEL ] T2 4R 12004 .78(3) - 416-427,

Zhu Guangyou. Jin Qiang, Zhang Shuichang. et al. Combination
characteristics of lake facies source rock in the Shahejie formation .,
Dongying depressian[ ] ]. Acta Geologica Sinica, 2004, 78 (3):
416-427,

ST fE

P[] H ] 2014-04-26 £



