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Fig. 1 Tectonic unit of Bohai basin and Baohai sea area
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Fig. 2 Macroscopic and microscopic lithofacies of mixed sediments
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(a) Bioclastic conglomerate in QHD-A structure of Bohai Sea area, China; (b) Bioclastic sandstone in Gulf of Suez, Egypt ( El-Azabi and El-
Araby, 2007) ; (c) Bioclastic sandstone in BZ-A structure of Bohai Sea area, China respectively; (d) Sandy bioclastic micritic dolostone in JZ-A
structure of Bohai Sea area, China; (e) Sandy micritic dolostone in Barremian lberian Basin, Spain ( Navarrete et al., 2013); (f) Bioclastic
sandy—micritic dolostone in JZ20-2 structure of Bohai Sea area, China; (g) Biogenic carbonate-dominated mixed lithofacies. Gravelly bioclastic
dolostone in SZ36-A structure of Bohai Sea area, China; (h)Sandy oolitic limestone in Gulf of Suez, Egypt( El-Azabi and El-Araby, 2007) ; (i)
Sandy bioclastic dolostone in QHD36-A structure of Bohai Sea area, China; (j) Marly beds alternate interbedded carbonate layer in QHD29-A
structure of Bohai Sea area, China; (k) Interbedded laminae of charophytes with sand laminae in Barremian Iberian Basin, Spain( Navarrete et al.,
2013); (1) Lamellar mudstone and limestone in JZ20-A structure of Bohai Sea area, China; (m) Multistorey mixed sediments in Porto Torres
Basin, Miocene, Sardinia, Italy ( Vigorito et al., 2006); (n) The outcrop of mixed sediments in the ancient Quebec Embayment, Canada.

Succession ( between two white arrows) of silty mudstone, and two intervals (black arrows) of thin beds of skeletal rich limestones ( Dix and Nehza

et al., 2013); (o) The outcrop of mixed sediments in the western of Utah, United States (Mata and Bottjer, 2011)
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Fig. 4 Vertical stacking pattern of mixture strata and regular strata in different sequence units: (a) (b) Mixed bed series

under the fifth-order sequence framework ; (¢) Mixed bed series under the seventh-order sequence framework
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FERERRAE , BRI f Bt A S 5 KECH 78.76%
EH LR I B R YIRS e
womiE U 80% Z 5, rP REEUIN, X4 i )2
PR F IR s 2 W8 & B AR 50% ~ 80% 1)
DX J] , DA RS N FRTRAT — 2 T IR R £ 1 o , 384
Y —E B AR FLRR 33 43 X )i 22 B — 2 7™
. PRI SN A 20 4 22 5 BT B X o™ g
SRR DL 80%1E iR A M 3 A, X
—BE R R SO Y R UR RS B it ik 2 80% LA
FHBESEY SRILTEN o, Bl A A& —
SE B IR ER B A3 , (B A 2 7 RE T BE 2 AR 2338 3|
TP FRAE ; 225 A T R £k UK AL o (FEBIDEAE Y
JS PR itk 12 6 TR ) 380, AT B E AT 4 TR A R
PRI TSR 2 R BE T 5, 4 B TR ) 5 = 50% ~
80% MR AR X a1 43> LA ki Y5 0 i oy F2 TR

Palermo( 2008 ) X} fif 22 De Wijk L H F =& 4
WARTR B i 20T 52 3R A2 P 2 FLBR B R 8.0%
~22.3% ; #E B E (2013) X 4L R G Hbdb & T T 4¢
AL B /e & 7 IR BUA DR o 45 R WoR | %
a3 7 O BA R ) S A AL, /D 5 A IS e

(a) . *¢BZ2722 * BZ29-45
350 " = QHD29-2E5 « QHD363-1

s QHD292E4  *+QiHD3632

a6l = QHD3633
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Fig. 5 Relation of Content of terrigenous grains
with porosity and oil—gas potential
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(a) Related relationship between content of terrigenous
grains and porosity; (b ) Primary pore micrograph of
excellent reservoir; ( ¢ ) Related relationship between

content of terrigenous grains and oil—gas potential
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HALBETE 10% ~ 15% /547, Hofth2# 35 5w Hifig 2
IR SE (LS, 20075 B M, 2012) A, 6% ~
18% 7 A7 1) L IR B 38 3 9 A 2 Ap A J2 PR
U, 2B ik SE SR SR Sy A 2502 B R Rz ) i
R 80% A2 AT CRF LB B A A 4 2
B ), RIS 45 A 205 1 1 52 o it S 195 100 2 5 T B
K HIE 80% W] fig R B AT i )2 (TR AR A 538 6 8
it)2) B L BRAEIT HAT — 2 15 2 X, T L% R
YERIRF S S8 AW S LHE

(2) IBRFRER A N IR BLUA 162 (fb 2 iR
A IR R R R R A 50% LA ), AS SCE Y R R
IR 90% IR BUA 3 I8 ik IR EE A, AR SCER
LA vt v 3a LA R o IR ARS8 2 (fh2# il
DA i A ) B DR R B R 75 1 50% LA L) FEAE e AT 30
7=, il QHD36-A -, AN & 5% WwEE 5 &
15% BT WAt 22, oAt A L AG LA AE R JE ol 2
HAgZPE K= gefp A x4 wn, Bk, A= RE A
b BRI IR TS 5 i 2 6 S BR A X ou | AR SC 3
gk H TR RN A, Dhas R £R SRy TR B DA R Eh
Bt 9090 1E S e KAH - Bk IR 45 4 43 KT 90% , 5
KRR ER 74 3 I Z R PR ER N B 3 90% , 5 i 5 ¢ T
YR A UTRU TR BUA TS
3.3 BREERMEIT

ARSIy TR TS S LRS00 Bt R A5 )8
5 A Wl fh 2 B R B R £ 2 43 R ISP LA - DA ZE i
JEZRERE 7207, BRI E 4 50 5 58 10%
~80% NPT A

S G IRFUZR R 5 AR B A E e, 55T
TRFUE LA L, AR SO 2 A& AT LR LS
5E36 (O HoRiE T VTR R IR, AN & T R TR
B SRR ER A 7R 4540 1 & AR A 1 & W =R 5, ]

A AE XA Aty BB 1 79 2540 I %) ok 1R R R PR (AL
WS IR B AR ) AR A ) 5 BHRARS ( W fh™
B (RS 2 RIER) EME & X 53Tk,
A FITFREFUA 7E 7200 B SO0 TAE i 00 5 X
o1 @ il TIRBUA AR & i, FIHA M
HFRERR, UES &b TIRBUEHEE,
TR A AR SR T A, T

4 RBUE SRR AHRBLL KR

PEOY A 7N

AT = AR AR B FON A A B2
BUSTRHE , 2560 )2 W P BORE AT LUA SIS [6) Pk
RIS EPPER R (K 6a) o LURN RN
], FLRBUE S ARG AR DU =26,

(DAL AR RB N RRE M AE 2, K EE A
CL3 CA1 ,CA2 A PR, XS AR B E 85 A
ZHAE) DABR R SR U b — i R T8 o0 3, 5 Bl 2 U b
TGN, FLB A S (K 6a) . G CAL APk
AR FLB S4T30 A 11.2% f 0.34% 107 wm? | 1]
eim & i S 1) CA2 AV, LB P E 25108 8.
3%J% 0.11x107° um’ (£ 2) . &G Geihah RtEmr, LA
Ve b —BG VR B & /o £ CL3,CA1,CA2,CA3,
C—C—BI1 AMAHX A ZMEZ X,

(2) h—m fLBE ARB MR IE R 2 . Hom
AR FE CL1 . CLA  CL6, 3% &6 5 M AH 2 LA i U5
B = H & HTE 50% LA b, FHX R A9 fif
EPPEAS AR A AR, a0 CL1 285 VEA, i 2 W 1k
H LA Bl L s A8 Ak, X AT Re 5 A% i it
BERBMHERZ , IR G A B0k 2850 SR A7
T RE AL AR B A o A R A AL
HRZEWI R B 2= FEOE LR 25 (K 6b) .

* 2 AEEMHHEREESER TN SR

Table 2 Reservoir characteristic and evaluation with different lithofacies

K FLBREEIX IR | FLEREE T HME ﬁ;ﬁ%lzl:ﬂ é%ﬁiifiﬁz{ﬁ A T
(%) (%) (x107 um?) (x107 pum?)

CL3 5~7.6 5.9 0.024~0.072 0.054 RALFHIRE N £
CAl 4.7~17.9 11.2 0.067~0.251 0.34 RALFRHIRE N £ ZAZE
CA2 4.6~13.3 8.3 0.01~0.29 0.11 fRALRHILE
CL1 19.3~32.9 26.6 0.762~80.41 35.67
Cl4 11.5~28.7 19 0.3~340.1 49.04 h—mfl kB E A2
CL6 14.3~30 19.7 0.32~3.1 1.68

C—C—B2 | 24.9~332 28.1 24.1~615.7 383.41
BIl 8.7~38.2 30.8 23.2~196.1 608.6 AL E h—Eig STy i)
BI2 22.2~375 32.2 22.8~1577.3 749.1
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Fig. 6 Distribution of reservoir physical properties of different lithofacies

(a) Bioclastic—micrite fine sandstone; (b) Bioclastic sandstone ; (¢) Sandy bioclastic dolostone
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Discussion for Classification—designation System of Mixed Siliciclastic

—Carbonate Sediments and the Implication

for Their Reservoir Prediction
——A Case Study of Mixed Sediments from Bohai Sea Area

YE Maosong" , XIE Xinong" ,XU Changgui®’ ,DU Xiaofeng” ,SONG Zhanggiang® ,DU Xuebin"
1) Key Laboratory of Tectonics and Petroleum Resources of Ministry of Education ,
China University of Geosciences, Wuhan, 430074
2) Exploration and Development of Research Institute of Bohai Oil Field, Tianjin Branch, CNOOC Lid, Tanggu, Tianjin, 300452

Abstract: Mixed siliciclastic—carbonate sediment is quite a common and significant type of petrological

association. However, there are enormous controversies that have a long period in the classification and designation

of mixed sediments and a standard devoted to petrological classification and naming rule has not been produced.

Combined with relevant literatures as well as the latest achievements including component identification of thin

section and petrophysics analysis of reservoir in Bohai Sea area, this paper establishes a new classification system of
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mixed sediments whose endpoints consist of terrigenous grains, biogenic carbonate particles and chemical carbonate
respectively and the classified results of the mixed sediments are grouped into 4 main categories and 14
subcategories. Furthermore, we renew the concept of mixed sediments through the discussion that contain alternated
strata of mixtures and define of the textural content.

By means of the new petrological classification, it may offer the instruction for the study of reservoir
assessment. Taking BoHai Sea area as example, the corresponding relation between the different reservoir properties
and lithofacies has been established. We are likely to identify different types of reservoir including poor, moderate
and excellent grade in this new classified system.

Keywords: mixed siliciclastic—carbonate sediments; petrological classification; naming rule; mixed bed
series; lower limiting value of terrigenous grains; lithofacies; reservoir properties
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