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Difference in laminated structure of carbonate-rich shale and its effects on
reservoir quality in Jiyang depression:a case study of Shahejie
Formation shale in Dongying sag

Ni Liangtian Du Yushan Jiang Long Sun Hongxia Cheng Ziyan Ren Minhua
Sun Ning Yang Yiqing Peng Xianguo

(Research Institute of Exploration and Development . Sinopec Shengli Oilfield Company ., Shandong Dongying 257015, China)

Abstract; Jiyang depression boasts large shale oil resources, with peak oil production exceeding 100 t/d in multiple subsags and hori-
zontal wells, making a good beginning for the shale oil revolution. The shale in Jiyang depression is characterized by saline and car-
bonate-rich components, with widely developed laminated structure. Laminated structure can provide an important basis for lithofa-
cies classification, and basic information for reservoir characteristic analysis. The variations in laminated structure are important fac-
tors that cause differences in shale pore structures and thus affect reservoir quality. Through detailed description of cores, whole
rock X-ray diffraction analysis, thin section identification, field emission scanning electron microscopy analysis, and nuclear magnetic
resonance experiments, the development types and characteristics of carbonate-rich shale laminae in Jiyang depression have been clar-
ified as below. (1)Lamina features control the type and pore size distribution of shale pores. The medium to large pores are mainly
developed in calcareous lamina which are the main carriers of connected pores and effective reservoir units in shale. With the increase
of calcite recrystallization, intergranular fractures are more developed and pore connectivity is better. The argillaceous laminae are
dominated by medium to small pores with poor connectivity. but rich in organic matters, playing a role as the main oil generating
unit. (2)Bedding fracture, as an important matrix micro-fracture type of shale in Jiyang depression, are commonly developed in the

continuous sparry calcareous laminated shale with high organic matters and the continuous cryptocrystalline calcareous laminated
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shale with low sedimentation rate, high evolution degree and frequency interbedding. (3)The thin interbedded calcareous-argillaceous
pair structure is a high-quality laminated structure of carbonate-rich shale in Jiyang depression. The better the lamina density and lat-
eral continuity, the more developed the multi-scale and multi-type pore network, and the better the reservoir quality. The laminated
structure plays a role as the “high-speed channel” in controlling reservoir quality. The organic-rich continuous laminated shale is the

optimal development target for shale oil in Jiyang depression, which provides the geological theoretical basis for optimization of sweet

spots and golden development targets of shale oil at present.
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Fig.1 Core and thin section characteristics of sparry calcareous laminated shale in Jiyang depression
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Fig.2 Core and thin section characteristics of cryptocrystalline calcareous laminated shale in Jiyang depression
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Fig.3 Internal fabrics of sparry calcareous laminated shale in Jiyang depression
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Fig.4 Internal fabrics of cryptocrystalline calcareous laminae and argillaceous laminae in shale of Jiyang depression
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Fig.5 Vertical differences of lamina assemblages in Shahejie Formation shale in Niuzhuang area of Jiyang depression
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Fig. 6 Pore and fracture structures of sparry calcareous laminae in shale of Jiyang depression

LRV P LI 6. (D 1, TS BOUBE 14 1 FL 4% K & 12 i AR
2% WA 2,

TR BCZ 5 e T 802 TE— 7€ 1 )5 BE L5 ) 44 A
A -G E . 3T AIP-FESEM 43 # , 24 JK Jit £¢
BEHRBESZMIEREIL A D~ 3) HE R R
Y0 2R G UR A T B OC R A, R T A2 ] R
FEMERE T, TOC & & — B KT 3%, &A%
A 0 B0 s K B2 v kB % T8 AL AE A S0 i 4R
BT, A PRIREUZE SR KT i AR R B T A
SRS D 2 R S 2 i B TR TR R 802
S BOAT Bl P BEAR s A K B2 R Ve I B2 S
WA 25 5 25 1R 2, FLA% 1) o 30 kA 2% i o 2 1) T
RSN Re R UL R I R S

Bt it K BT 802 201 At A R D 0 L R . B
il K ISR T A 57 20 1~4 pm 7R LKL 7() ],
LB L o al FLL I 7 (b JL fLAR K/ K 20 nm~
0.5 pm, B2 THZ IR FE Lo W LE 7 (a) %
S b T R EwmALBLE 7o 1. LR KR (Al ik 2 pm) |
R MELE . KT U T SR AL A gy 25
M. 2Rk EREMEE 7(aagikit],

PSR W o B ALK E B TER
LA Ok [ & 7 (d) 20 5 Sk 4b A g+ )
R[] LB 7 () 5 A H Sk AL T RL AL A fLA2 D 10 nm~

2 pm, F W EORL N 2 kB B 8 AL LR —
M /IN(2~300 nm) , B ALE B H ) B 00 T
B2 ZREHGWILRIE L Wl AW IR, — K
RBHERFLZPIE 7 A ke ). Mo EkE T
gUZFE ALK 7 A F kAL T, A kT A K AL
FELE 7 Bk ab ], HAAREHRT P EF
L, FLAE A 2~500 nm, — i & i . P BTa0)=
A DLER R AR BURL (LA T A B E B A s A) . 2K
BFh AN AL, RS2 hILBRERZ . HE
DAL —/NLoh F L i E R 2

T B39 b DU i A R R TR T E A R
K. ZRE 2R MERTUAMAEEZNMES
1] 2 2% DR B LA T 45 5 234 5 T 194 45 TR R 5 T 4R 7
TUASETR B IR ) . s IR R s & A R A
A TR SR L R A J 2 7 o 2 4 e B S T T RE DR
BRI 2l 25 L A DA TR R T T KT T 7 AR R
FEZLE TR (2~ 10 &) 91 7= 85 1 FF & 45 1

T PR [ VR Sy S Y 1 T B i 22 A i 48 & [+
I % B R R 4k )2 AR | (R S FIORL 2k 4% 4 FhllE 44 1
KRR, ZWIMEIESNIE R T 2268 2 M B A
8w Lok AE[ 18] 8 (o) JRIBT I SE[ 1A 8(h) ] 48 T8 — K
F 1 mm, 2R A SR A Tl B R LR 8o ],
7 Hs 4 A B K JT 8 )2 2 A e L R A R e ot o



%11

i KL H 45 < T B4 B & R 2k 7UA BUZ

2R R 1Y) 25 S5 e e L i )2 R A B 1629

() B b K B2 IR R IR B2 W R s . BB R F . Mk 2 & & 1R IR T BUZE s (b) JK 5t U2 1) J7 i 6 s (]
FLo A AR AL 20 nm~0. 5 pm; (o) BT BCZ Hh 7 il A ORLRE )V FL , LB K 3 S8 M 47 . LAR Dy 100 nm~2 pm; (D 8
FREUE T 2 B TURLRAL . FLAE S 10 nm~2 pm; () T SUZ TS 0 1 B AL LR — /N 7E 2~ 300 nm; () FAEAR

BB f AL, fLAE A 2~500 nm,

B7 FEAYENERBERRLESRERYERFLESEH(N55-X2 I 3507. 40 m)

Fig.7 Pore and fracture structures of cryptocrystalline calcareous laminae and argillaceous laminae in shale of Jiyang depression

JZ ALK 8(dD) ], 45— KT 0.1 pm, 2P H 7
3EL 5 i (B A DA REL oA 3 ) 2B K 1 R TRTFLBR BT 8 (e s
WL 2% B — W R U8 T 802 vl R T R I R UR 5 sk
2 51 1y JSUR 30 2% Ak ¥ 85 40 400 2 A A 4 T S 5 1 DG
I EHRERICONN

AN ) 2 0 1) T 4 HL AT AN TR) I %8 1 . A ) 4 R
WL 25 B — B AR B0 P B B 34 VR A L b, S R 4 ]
A (1] 326 30 R f K ST 802 PR 1) L B R % S T 1) i
YT SU)Z I TIOK— 4 K L B 5 4 3 4% R RE s 4 ]
a1 3 3 22 802 1 FL4% R 5 )2 BREE AR 58 K R 8UZ
AR WL 9Ca) 1 78 Ba dis K I 80 )2 5 A0 Hh Ry 8
RAELE 9(b) ], I H BEE P AR B2 7 i A 45 5
P R ORI & & .

VERGFM G TUE P T2 kR B e s AL, 2 1
S RRIGE R R IE T . YRR B2 HHE T Rk
W E B MR KSR ML EEM b, )2
B I AN 2 87 2 04 SF- 1HT 25 4 2 BT R O R B
WRELEFE 9Ce) VB 9(d) T, i 88 Wi 5 nl A o 2 B
HE )Y S TET X R PR A B SR LG T Il AR
] VA3 5 B A0 W J2 B AE Gl ) bR AR 9 B /0N 1 B 5k ik

BB e SUZE MR TSR T L 9 Ce) 1L A5 oK 4
15 V8 T SUZ T UK — 98 K AL IR A % S8 L O A R0 i
IKITSUZ M FLAE M 2% . UL, J2 B4 1 K& 1 02 O FH )
B3 DU T I 80 - T ) TS
2.2 AEYBEAAWMEERIT

ANFESUZ A AW WAL 5 2R 450 A LS
i OO B/ HE R 55 BL-TJC ML PR [R] 3 £ 23 5% e 1L
B A FLBRSE MY 2 PEE K B fLAE AL e 2
O R AERRAE . WL T BT X T A 4R 23 18] 1 4
FARYE B ARUED T 2 MR T B3 B DU fLBR 45 4
S A ALAR AT B B R B RE . O T S 3t A LB Y
S A FEAE [ B 25 BECE BH 34y B s it A L it 3l T RR
AR L SR T AL (<225 nm) /AL (25~100 nm) |
AL (100 nm~1 pm) K AL (1 pm) B FLBR AL 12 43 2
T% . TEEWMBUZH A B WA —rh K BT 80UZ #
SR K LB A R GRS  RRBUZ A G .
XF SR B 1 S AT R O3 AT 1 S5 S IR TR BU)Z K2k
STt RS2 3 232 B il R BT 80 )23 N WY 8 B i K JBit 43¢
24 RFETUEEM . B 0 A% G PRk AL B R
SR AL B I | T R R B AL B R B 0B



1630 el i Eild 2024 4 45 5

e

(a) P %% , 1] UL BH 5 04 1F 1] 45 Bt , N55-X3 9 3799, 10 m, 2.0 5 (b) Z A LB 85 4148 , N55-X2 F 3805. 60 m, .05 () BL5%
T 952 B 5., N55-X4 3 3765. 20 m, 7.0 5 (D B M JE R R4 2B MK REUZ AP & T N 55-X4 3 3796. 00 m, #
L5 Ce) 2 il IR T 80 2 1 1) B T » AL 22 4% A R 4% Tl 0 75 48, N55-X1 3339, 30 ms B % 5 (D 2R 1 kE 2k 48 . N55-X2 Jf:
3610. 70 m, 3 1 B 8%

B8 FFHMMITEFE RARERR

Fig.8 Common microfracture types of shale in Jiyang depression

B9 FRMMERERRIEERFE

Fig.9 Characteristics of bedding fractures in shale of Jiyang depression



%11

A K FH 45« D BP0 B o R 4 DA S0UR 45 F 1Y) 22 5 1 KL X482 i

JET 1 5% i) 1631

I 0 DA B R AR PEREAT 1 AR AR . IR Al
R R Y = B ML BOAI Y DY BE b Bl b O B ot
A FERR BN 139 B R I IR 0 G o K I A AL
B H 1 5 S A (R B K R ) TR ARG 0 1 it 75 i
P RGBS A R AR AL RN EE R B
TEARRE i R R Y Y SRR N
B G X 2.5 em X 2.5 em BUAR A A O B JE KE AL 2E AT
SRV BE AR 20 ds LGS TR T A
O A B I IR 1) st 5 I R] (T ) 5 SR 7R AL Al 1 d
Ja DA Al O g T 3% AL Al a0 i T, 3%
(ELUR 25 25 1 T 5 AE s Fig i » 308 ok 580 R il £ A
R OR 28 o T 3% o0 A S 4 FLAR 43 A0 L T
FAE T FL A 73 A7 KA

T 5 i IR R SR T e A il 3 I P 33 B AT i 7
G < eI BLIEE A AE (D 10D . 0 A0 3k Y 28 5 /R R AL D
ANFLBA o7 bRy R T B i A s (] A . 7 3 il AL B
b 2 LU 1 R 38 R AR 28 () FLAR o L9 20 A 22 53 1k

VNS B o i TeviRll IDERIOE X R S S Ry W =
T LB 5 HE 22 R 60 % ~70 % » LR L i) 2 3 P
by, EEESE K REUR TUA R B TR BLAE  BURE i A
A DRI TOTT 3R i 1R R I IR % 8 AL B O
4% ~7%, BB EHRN 0. 4~4.5mD, BA FALA %
E L Bt B 5 15 3 A Y R AIE 5 DV T 2R i 1 R G A
PRIEALBE N 6% ~11% . LB EHRN 10~50 mD,
HA 8w LB L 598 8 8 B R AL

Wt 252 5 fi K T3 802 DT O A 1l I A 1] 3 LA i R
14 A ORI R AE (PR 10D PR T T S 10 A% i L 3R
AT AT AL 2 R AL R ALY o P R
TR A 2R . % £L B it £ 7R 7E AL A
AL RS ALY o FE Ll L 2 o 3% 58 LB L AP L AR
LA EZETUE M EE AL ZTE 20% ~40%.,
H1 TR 5 A A1 SOZ 1 52 R OR L 2 B R] R i 55 T
JER 2 5557 AN WL 2% B A A 7 20 0 O R ZE A B 7E Bl R
Lo S ok e v 2 A A [ R BB 1 O 3R S 8 0 i 22 B

10 FHRYBARILEFMTENIESTER

Fig. 10 Physical property analytical results of different laminated shale in Jiyang depression
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Fig. 11 Porosity and permeability characteristics of different laminated shale in Jiyang depression
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