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Control of organic matter enrichment on organic pore development in the Permian
marine organic-rich shale, eastern Sichuan Basin

WANG Pengwei', LIU Zhongbao' , ZHANG Dianwei', LI Xiong”,DU Wei', LIU Haotian®, LI Peng', WANG Ruyue'

(1. Petroleum Exploration and Production Research Institute, SINOPEC , Beijing 102206, China; 2. Exploration and Production Research
Institute, Jianghan Oilfield Company, SINOPEC , Wuhan , Hubei 430070, China)

Abstract: Organic matter abundance, macerals and occurrence that have been suggested to significantly control upon
pore development in marine shales have not been well studied. Guided by organic geochemistry, organic petrology and
other theoretical methods, this study is focused on a systematic analysis and comparison of the abundance , macerals and
occurrence of organic matter in the overmature marine shales in the Permian Maokou and Wujiaping Formations at the
eastern Sichuan Basin through scanning electron microscope observation and energy spectrum testing among others, to
discuss the control of organic matter enrichment on organic pore development in shales and establish an evolution model
for the pores. The following results are obtained. Both the Maokou and Wujiaping marine shales are characterized by
“high organic matter abundance (TOC) and predominance of algae in their primitive components”. However, they also
have some differences in respect of organic matter occurrence. The Maokou Formation shale has relatively higher TOC,
with organic matter enriching along bedding or at local position. The Wujiaping Formation shale has relatively lower TOC,
with organic matter containing structural vitrinite and structureless vitrinite enriching dispersively or locally. The existence
of favorable primitive organic components are a prerequisite for the pore development. Pores are mostly developed in
sapropel compositions such as algae but are rarely found in vitrinite. TOC is the key to the pore development. Within a

certain range, TOC is positively correlated with organic porosity. The organic matter occurrence influences the pore
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preservation. Pores are well preserved in dispersed organic matter within brittle mineral framework. The organic matter

enriched locally or along bedding usually has less pores preserved under compaction due to a lack of effective framework

support.
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Fig. 1 Structural location of the study area (a) and stratigraphic column of the Mao—4 Member to Wujiaping Formation from well HY 1 (b)
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Fig. 2 Histogram of measured TOC in Permian marine shale in

eastern Sichuan Basin
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Fig. 3 Organic maceral identification of Permian marine shale under optical microscope and scanning electron microscope in

eastern Sichuan Basin
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Fig. 5 SEM images showing organic pore development in Permian marine shale, eastern Sichuan Basin
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Fig. 6 Histogram of porosity and pore size of the Permian marine shale, eastern Sichuan Basin



52 EMERL, S5 AR HLIX =% R TUE A DL s BT A ML LR & 467 ] 385
F1 NFBRRFITFEMF OBBETEGTINRERHESALIELZ FHEXLL
Table 1 Comparison of organic matter enrichment and pore characteristics between Maokou Formation and
Waujiaping Formation in eastern Sichuan Basin
TR R TOC/% S ARAT LR IR 43 A HLBIRAE 7 =X FLBREE%  FLBAZRA EREYiiil
JEIREE TCRE RIS (UL
e PR 8.76 A Hil R 4R 5.59 HLBTFL L 48. 24 %, 7L 39. 46 %
R s e o T b U ek R e A AHLES Tt It
Frd 13.65 JEOIRBEZE TG e Bk W2 SR EE 5,01 HHUTAL  FL63.24 %, 4L 25. 12 %

T & R TUA IR SR IS F BRI B
JRAR LS (& 3d—f) , 3 n] DLAR AR @B B9 (18] 7a, b) B1R
AAE— AR MBI (K 7e,d) . BA B DB R
T8 K6 1) B 2 A I R B AT HILJS, A BT P e v e B
i T B N 2% i B W] 7 AR S ) BT HLBT AL, (5
HT T A R BB A 20 e 4t ¥ 25 5, A AL LB A 7

A —EMAEH B (E 7Ta—d) . EIKA R BRATH
PRZE (0 B TR 25 T A R LIS, A AR e A R R
AR B A PURFLEL, fE 31 BB N LS A B R A B
oAkl B RMDEH , A TE R s S 4l el W
AHLBALBR R B2 (8 Te £) o MEAL, B 5T A b R 3
KB INSL i d PR A 18 FL (P 51 i3k 6 AL Bt nl 2

SR

B

K7 NZRHE X — B R A DUE AN R S o AT MLSTAL B A B AR 2 Bk SEM B
Fig. 7 SEM images showing heterogeneity of pores in different marcels of the Permian marine shale in eastern Sichuan Basin
a. I IR 3 294. 05 m, FHAR GBI B AR B4 b, SREEPL, HIPR 3 305, 11 m, B AHAR AU BER IR RN BT T4 ; 0. SREIPLL HETR
3294. 05 m, AL SR MBI s d. S EEPAL IR 3 303. 52 m, IS A BESSIR MBI IA s e, . REIPAL IREES 294. 05 m, Jrii ol A Pl AT
HLBTALBR



386

A 5K AR R R

Fa4 B

B S ) ek A B s TR B, 5 A A HLEE T ()
W AT G I B e AT ) A D s 200 i 5 4 44k R
HALTR , SA MU AR AR IC O, XA HLE AL
W& AR B S e R A L SR R o X AL AL &
HHAEEm

R T L AT AL S XA ML R B
IR I AU AR ST 78 0K FL T AR A JE 1 0t
ANFEA VLR TR T 61 Hr. WK 8a,b iR,
481 F1 482 fAE N EBTCALIR & B 1A HLETI A, 484—
486 18 N ERA FLBR & B B9A ML 2o LA A 482
FII 5 484 A RETE Ay 451] , I A4 484 I xof b A7 AL BT 1) C I6
Z SRR AR (8] 8e) , I i 482 FF b v A ML
) CICE H o fr i AR (B 8d) o A A GH 3 VAL
SEHG UESSX PR OT R A 22 5 B T AR
AR BARAS [ A HLRE e S e A T
SR TIHAR A AR, J R T e 2 B,
A B Al i eh L2 S5 4 1) A BB AR S R A T A i ik
FEEY BRI F 4 7 e b 2 2 0 i (R [A] — A
B B AN [R] 2 B B A2 43 1 Je R A e B A7
FEZE S eI PRI T 4L T £ H 4
TR T S ITE A R gtk 64

RTR

i CHo — A RE dh B0A R 20 & & ALBR A A BLB) St
108 AT LA B, A HLB LB A & A HLB R C ot
RETA SR TAVLURSLBA LT RA LR H
# COUER [ 7 & 8 22 S A AN R i 2 ) AR AR Bk (]
9), M HIRES, —F 2 RS . X R T ERAR
P R — LR KRR CE RN R, R A
TR LT, AN [F) S BT LAY BTAR 2 22 1y o 51 4 5 i
LSRR P VR B 1) A8k A, A LAY RO R
R ivEl D G

5.2 ANRFEREANRILEHNZERE

AP HLTTFLER & & 2R, By,
AP U, A LT AL 0 FL B EE BE AR BT R
RS2 17 BRL ) e M 3 (R IR AT R I, A P 28
XA LB AL R B — g i e o 8
F U S AL B EE F TOC $ 4 AH S o3 B K R, i &
Bl & 5 R AT S KR B i B 2 ToC<
7.0 %}, FLEEE B TOC 35 K H K, 24 TOC>7.0 %
i, fLB A B R AR (181 10a) o S T #E— 2056
UEIZ G S, A SR T 26 [ BT 1 7 52307 48 b Marcellus
Uy DU 2 A 7 i X e Eh 3R 4 0 A AL b X A

FHUR 6 4 2,
LA T

90 H ¢ — 482 SRMELAL g0l g STy TEHI RSyt
C:95.37 % C:93.02 %
80 | 80
N: 1.81 % N:2.01 %
70 70 H
0:239 % 0:3.54%
60 @ 60
é‘ Mg: 0.11 % §- Na: 0.11 %
g( 50 1 $032% =50 AL 0.21 %
=, 8N = BN .
40 Mg S 40 NaAlSi § Si- 0.68 %
30 30 $:0.32%
20 20
10 10
0 . T} . i
1 2 3 4 5 6 1 8 9 10 1 2 3 4 5 6 1 8 9 10
fitti/keV fit i /keV

K8 AR DX RGP AL U AR AT LS RETE 0B
Fig. 8 Energy spectrum of organic matter in shale samples of Wu-2 Member in eastern Sichuan Basin
a. JUAREGD SEM R 3b oA a ZEAERCR B A3 s o 5 482 AETE P 5 . U 28 484 g g ]



2 TG, A5 NRH X % R T AR SUA A HLI R SR A WL AL A R P £ 387
I F R E 0 B 47 LT 04 0, 47 B o FE AT DL AL
o | wiBRR T BB M S« — 7 T, BT DL L

4 5

B9 AR X RSP TR HUR R ROTER 0% S SE T

Fig. 9 Carbon contents in organic matter of shale samples in

2 3

PG

Wu-2 Member, eastern Sichuan Basin

B 98 20 v S fLBR Bl TOC 28 Ak #a . . Marcellus 5 J§
IR A B R A S B DU TIROK IR A 58, A
BB 533 50 Ry PRt A= W e 2 4, LA T AR T, Y
A HLEEFT A B3 Marcellus T 75 55 50U58 0 A 52 5+
R N2.1 %, fig KPR 6 000 m"™ 5 J¢ TR 41 Fl 4
P A SR R R R AN T 2.3 % ~ 2.7 %,
e RO R 38 3K 2] 6 000 m'7 13 X 3 B A 5 I AR
X B FR A AL 0 EA AL AR T 5 R 0
PR RS X LRSS R R [ P A R -
1o R AR DA LB -TOC 5 R B A FHRIE , H
1 Marcellus U1 7 L B BE AR A6 & 3 HE TOC=5. 6 % ik
RAMUE e D% 2 0 LB R AL e ToC=
5.0 %P T & HE U, A B 38 2H s FLBR B AR Ak i A
TETOC=6. 0 %MIT K A= % . AN, BRSP4 i
TOC L % R T4 TOC & , AH R 1T FLIBUE L5
HR(E 2718 6a) o TUETAL I LS TOC BA —5E
B IE AH DG 2R, AL 7 HUBE TOC 38 K 2 P63 K5 Ik
/NIRRT 10b) , i B 3k v A LT = B A Bt R
HE 7138855 , A DL AL B Y FL AR 78 e S8 2ok 72 v s/ .

FRAL A B SR T R Y SOk A 2 e A PLAL Y
FLBECR AL BRI R 2 — 3 55— Jr i,
(LI i DU YA BILJS S JEE A 8 2 A 38 A AL
TRER, BEAR DA R RE 11, XA BB AL B 4 £ A7 3
Jl—RE R

5.3 ANRBEAREHNENRARNRE

b prik, — & R vUa A LR IRA T A2 R A
S22% (0 H AT AT 28 T e A AL R A LI A
2153 AR N ZO AT LA L B A 7 i PR A T T A
BUSTRAF IR BT A LB FL A B R R BT B v
55 0 ARUCHIFFE LU B TG L B A S A, A
AN A AT IR ERAS B AL B A F 5
ik, 25 G A HLTAL B LR E 1AL, B A LT
7 LB RAT A4 1 1

FRR B TS B (K 11a) , A HLET L2 BOE
K ARTEICHLE ) Z 18], A BB A AN Y38 , TC
ARG o A HLBAY RN A [ JCAHLE Py AR L,
HA— & BIESRIE (B 11b) , 2 B8 1A S5 H 55
R JCa MG iR . JCHLE™ Wy LU PR o (F2 %
AT SEIORE, SR DL BT A DL A (B 1) .
JEA Ay AL I B 2 R AR e 3R, AT LA
A B B AL Ui T ) A AT ) A AR E S5
(4 A= W PR A 0, A mT BB S A Fh L 00 oh 52 A
e B A B A b T AR O HE G B A
B 1he Firs , R Rtk BRCIR L JREBROCER 0 AT SRR A £
OB B AR A IR M — R I WIPERS 2R, B
ARG AP UM SERE ST o XS MR RURL AT B Bt
()R 70 S5 E 7 5 AR A, AT UG e AL 22 [ £
JEE TR e W13 B2 A U A A B B B A i A P A

10 1o . 80 p . °
o R o0l
r © ° 9
[ ] [
7t 0@ o ° ° o L 60 o KAL
Q\\c’ 6 .g D) ° ° .. o © ° 30 ¢ e ¢
P C ) o S
b k- [
& > °o® % ?. © i‘-‘i 40 ° ® e °® ~— b
=4 2% ° ° ° T30 | S~
3+ ®e S
3 20 F e ® °
208 ed-bo/GTY, R=21% e e
1% o RBEATLY, R=2.6% 10 + :
0 ° Marc‘e]lus,lj\'E,R0 =2.1% ) , oL . . ) )
0 5 10 15 20 0 5 10 15 20
TOC/% TOC/%

K10 JIZRHIX = R A DU FLBUEE () AT HLSTALIAFR (b) B TOC A2 AL 3

Fig. 10 Variation of porosity (a) and organic pore volume (b) with TOC of the Permian marine shale in eastern Sichuan Basin
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