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Fig.1  Distribution of mixed sediments and stratigraphic column in the Bohai Sea

(a) spatial relationship between plan distribution of mixed sediments and base geomorphology in the marginal Bozhong Depression (modified from reference [27]); (b)

stratigraphic column illustrating the main study units (red box) of the Bohai Bay Basin (modified from reference [28])
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Fig.2 Typical sedimentary features of the bioclastic mixing shoal
(a) photomicrographs showing bioclastic particles (yellow arrow) mixed with small amounts of siliciclastic grains, plane polarized light (PPL), well S-2, 3 767.65 m;
(b) core observation showing well-preserved gastropods or bioclastic fragments (yellow arrow), well C-2, 3 429.50 m; (c) photomicrographs showing volcaniclastic gravels

within mixed sediments, PPL, well S-2, 3 771.98 m; (d) core observation showing gravelly grains with rounded and directional attribution, well J20-2, 2 223.68 m

AMNEIEE
100 0
1
n | “e
m2 n7
;
{
H
“\
w114
/ oy
° (J $
e . X
%2 e ege® miz
e o
T PR
0 . ML eeaner )
Wik I
WRER 100 75 50
©120-1 ©17120-2 120-3 ®J20-5
©19-5 ®5S-2 ® B36-W ®BI13-2
OO (W) BRI

O EwERORGWE O EmRSESE O
e C= A A SCk 23145 4w )

B3 DA A R B A 2 B8 2 0 258 B i 7 it
(o) AW ORLIR B A EATLLEL S 5005 SR T ; () A R R BN 24 PEATIZEL SN0 BRI 5 ()00 (0 ) TR YRR RT3 515 SR o

Fig.3  Lithofacies classifications and typical photomicrographs of the bioclastic mixing shoal
(triangular diagram of lithofacies division modified from reference [23])
(a) lithofacies component distribution of bioclastic particles mixing shoal facies and typical photomicrograph; (b) lithofacies component distribution of bioclastic-micrite

shoal facies and typical photomicrograph; (c) lithofacies component distribution of gravel (sandy) debris shoal facie and typical photomicrograph
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Fig.5 Typical sedimentary features of the debris-flows mixing shoal

(a) core observation showing gravel-sized siliciclastic (green arrow) mixing with limited occurrences of bioclasts (yellow arrow and curve region) within gravel debris-
flows mixed shoals, characterized by massive structure with muddy sand matrix, PPL, well B26-3D, 3 257.25-3 257.35 m; (b) gravel debris-flows mixed shoals with a
content of more than 75% gravelly clasts, PPL, well N-5, 3 374.88 m; (c) disarticulated bioclast fragments (yellow arrow) randomly distributed between fine-grained
pebbles, PPL, well B26-3D, 3 257.10 m; (d) core observation showing several horizontally aligned organic clasts within sandy debris-flows mixing shoals, PPL, well N-
5, 3 379.40-3 379.52 m; (e) occurrence of bioclasts (yellow arrow) distributed between sand-sized siliciclastics, well N-5, 3 373.51 m; (f) photomicrographs showing
bioclast fragments mixed with siliciclastics of varied size and content as stratified beds (D-@) bed) , PPL, well N-5, 3 344.69 m
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Fig.6  Depositional cross-sections of mixed sediments in different regions

(a) section 1 (SW-NE) in the northern part of the eastern Shijiutuo uplift; (b) section 2 (NW-SE) in the southern part of the eastern Shijiutuo uplift
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Fig.7  Coring column showing the textural changes of different lithofacies in well C-2
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Fig.10  Characteristics of capillary pressure curve for debris-flows mixing shoal reservoirs

(a) capillary pressure curves of gravel debris-flow mixing shoals (I-IV); (b) representative capillary pressure curves of sandy debris-flow mixing shoals with different grain

sizes (I-V)
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Fig.11  Cross-plot of siliciclastic content versus reservoir properties with different reservoirs types

(a) cross-plot of siliciclastic content versus porosity with different facies associations; (b) cross-plot of siliciclastic content versus permeability with different facies associations
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Fig.15 Correlation between calcite cements and reservoir properties as well as pore structure

(a) cross-plot of calcite cements versus porosity; (b) cross-plot of calcite cements versus permeability; (c) cross-plot of calcite cements versus mean pore-throat radius; (d) cross-

plot of calcite cements versus displacement pressure

/LIS 1 WA FLI 3 ) 5 T 25 e o
BERIN 22 SR R 0I5B RE T . 7 i
IR 75 ) 435 5 I ) S A7 16 2 S L
— A T SRR AT S

A LR 2 R A e 1R 0k
i AR VAR I S TR . 5 DX R S
B LR FE A0 56 91 7 £ B4 T S 45 LA
2 B FL A X SRR T I, K3 114 B
L BRI ACBIFGE 3 T IR S AR A LR
AR PR B ) PR R AT AT B B 5 X A
A UG 431 T S5 BTN T A
()0
5 #5ig

(1) SR I i — | B 7 A
SRR VLR, 4 LR E , L0 H TR 2
9 S5 A R B R BB i B 2 AR )
UL R B B T 95 2 U2 T AR IR i 4
PR

(2) RA VTR 15345 52 R LR 26 195

el 11T ELA S 2 P 2 e e o it 2 TR RRORE 32 ol A<
YR, P18 b 5 434w T 0 JE DU 32 B A%
R SRR T A S TR AR S AR TR
FE R R i A3 A L X AT I S5 T HAR 5 KR
P i = P 1 O N 1 < i R A TR A P E X 5
SO [ AR 1 ol PR AR A BB 5 1 o ) SR K Bl )
548 5557 140 28 1 DU S ST RRR i A T B e i) ) A 2
Ak

(3) Wi M IRA " DURRE 2 3 S B2 4= ) i
JEHE S FLBRZE R AR R Bt | X 52 7 TR IR AR B 4
Sty BEEEMER I B A R R 55
AR LR S ] 1) 22 Sk il

(4) MBI A DUBEE R B P it
A X i — P HOTIR G U2 K EHLELEAT
HE R 5 S0 TRl I SR 5 X R H Al 22 b VR
B UURR R oA T 5 i 2 VA TAESR Ot ) B
B

i BT ELE (FE) ARAS RES
NE MR ERARIRE T LR R BLA B
B3R AR, BT AR E R AT 44 AT A S
oy = E N AEDL



2

I BERASE  “ MR IR R =R 2

PRI AL

649

“HT G UURARS BPETE i e

e Fith Q00 OO
©e® i 88000
( Wﬁ?ﬁ;ﬁéﬂ% ) (BBHAY)

e

RGUIH

FRHEBE I R AL

=

/@g

l [EPaeagial sz

M E— R | R B i

K16 i

" H
DA W W KR B kS | b | L
V| =
JE A IR A !
1
= OB HBTURS R R X 5%
1
— (Tl ) WMEA R A R R A e
1
TR I g Bk E )
CHREI] ) My 3 H E
1
(I @RS AR AR S R I R AR !
H
” s
Fﬁ‘TM\ (Wi=] 157\ :
(1) aisiiste !
o A '
— AL ) -ffﬁﬁ.u&w <) '
— BRI T — MR B IRE S '
(2) Rt i
A BRI— & BRI IR i
— A B K AL ) — LBz VA A i
— R B LI A — MR ARALIE A i
Loy R Lo RN !
|
1 -
e i Eé
T S TR AT i
— WL ) — WL ) i fE
S A ] — B BERE N '
1
— S B ]
(i
(R s
i . " e |
EES A LIRS P
BRGNS R ;
— R AL — BRI '
- WA - W i
i
1
|
1
1
1
1
1
1
|
1
1
1
1
1
1

T AT AR R 4
i e 2 1k AN A
— LB AR BN

- BAETIFEAR

— WA A R P2 IR ORI £ B A B R

Fig.16  Formative model of “compositional mixing” heterogeneity during depositional and diagenetic processes
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Characteristics and Formation Mechanism of Heterogeneity in
“Compositional Mixing” Reservoirs: An example from the First-
Second member of the Palaeogene Shahejie Formation, Bohai Sea
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Abstract: [Objective] Mixed siliciclastic-carbonate reservoirs are a new target reservoir for hydrocarbon explora-
tion; however, the heterogeneities can lead to unanswered questions. Previous studies have focused on “strata mix-
ing” sediments, with little attention giben to the “compositional mixing” type. In recent years, typical “compositional
mixing” sedimentation has been discovered in medium-deep Paleogene deposits in the Bohai Sea with breakthroughs
in oil and gas exploration, providing an ideal case to explore the heterogeneity within “compositional mixing” depos-
its.[Methods ] Abundant drilling data were used for detailed studies on the characteristics and main controlling fac-
tors of the heterogeneities associated with “compositional mixing”.[ Results] Two principal reservoir types were rec-
ognized in this study: biological and debris-flows mixing shores. The two types have significant heterogeneities in
petrofabric and spatial distribution owing to a complex interplay of controlling factors. The biological mixing shore res-
ervoir is distributed in the flanks of detrital deposition and/or a higher position of structural units t\controlled by paleo-
climate. Lake-level changes influence the vertical stacking of different genetic facies within this reservoir type.. The
debris-flows mixing shoal reservoir has later distribution on the proximal area of nearby uplift because this type can be
controlled by the interplay of paleoclimate and paleo water-depth. Furthermore, the vertical patterns are heterolithic
and are related to the variational hydrodynamic strength of gravity-driven depositional processes. The complex hetero-
geneity of the reservoir physical properties and pore structure is attributed to the mutual influence of clastic compo-
nents supply, selective dissolution, dolomitization, cement type, and quantity.[Conclusions] Finally, a formation
model of “compositional mixing” heterogeneity was developed, with significance for the further reservoir prediction
and evaluation of worldwide mixed sediments reservoirs.

Key words: compositional mixing reservoir; heterogeneity; sedimentary distribution; reservoir properties; Shahejie

Formation ; Bohai Sea



