5485 3 hOE R Vol.48, No.3
2021 46 A GEOLOGY IN CHINA Jun., 2021

doi: 10.12029/g¢20210321

R, R AR, R 2R, R PSHT, B, SRR . 2021, FATE 2 bR 4 W 4 1010 20 525 A AL S 62 o3 FL B s A R 52 0], v
FE M5, 48(3): 948—958.

Gao Fenglin, Wang Chengxi, Song Yan, Jiang Zhenxue, Li Zhuo, Liu Qingxin, Liang Zhikai, Zhang Xinxin. 2021. Pore evolution of organic maceral
in Shahezi Formation shale of Changling fault depression, Songliao Basin [J]. Geology in China, 48(3): 948—958(in Chinese with English abstract).

T K UL IR B A F A S BB MA D FLIR
ELAEAR

= . > 23 2 2 > 3 7 w
A, ERG RE D, 2R, FE, A RH, BEIC, Kow’
(1. P B 3R E B L AT 50 P, 67 100037;2. P E i K F (R @A TR SIEMNE R EELET, LT 102249;
3P B G IR T AR, LR 10008334, AR AL G ik K2 AEF S A A%, BRI KR 163318;5. P B A b i 5 W3k
BT, LT 100029)

RE A VUBTFLIE DU G 5228 (W] (1 B A3, B TR ZUAY AR S B | BRGSO BT )2 B 9 E B R T
A TR AZ A LA o0 e FA e A e R v F LR AR 5, AR SR T 37 28 S L B RN e > S B e o7 R
ST B IR E WM LB R B R IE Y AE , 454 Tmage T RUSALBREL A , %A [l A T BE 170 S gt 40 i A 7 o
egiit, DA FA LG 0 FLBR AL . BFSE45 R IR LI B S A T R s
VN A AE TRV T 3 SBRoA T 1.6%~2.0% M, [ (AR5 F FLI e & 8 1 LA SBRo=2.0% R 5, A 75 L.
BRI N o B TR TR AL IR & B AR, B 2 BB 1, SR B0 Sl IN i 5 T35 B T e
FEAE T B B, B T (A R I A FL B B /N, TCAILAT 0 R AR 73 7 ) e LAl s L B A58 2 8 90% LA L, Tk A 1 G
SABBL, AR T FLBR Y & B0 IR 4R B FL IS 81— AR B R R, 1o B S AR T AR B AR AL IR ) 32 2 BTk
TUHRERIK 56.73%F1 100% , 1] UL A 75 FLIEX DA 8 2 A6 E 2 R E 22k . 2R G UTBURATERAIA B E T, TUE
T8 ZAEAR B B Rl s A B M LR e R & T A DL LR B LB ok 32, )5 2 DA B A LB = W
T AT AL S AR 3L B AL Ry T A R 2 TR R DU S T R R s $e it 5%

X B R DR FLBEL 37 R SR B B SO0 AR  DUER)Z s Il A T s BT

FESES . TEI3S  XEMRERS:A  XEHS:1000-3657(2021)03—0948—11

Pore evolution of organic maceral in Shahezi Formation shale of Changling
fault depression, Songliao Basin

GAO Fenglin'?, WANG Chengxi', SONG Yan™,JIANG Zhenxue’, LI Zhuo®, LIU Qingxin*,
LIANG Zhikai*,ZHANG Xinxin’

(1.Development and Research Center of China Geological Survey, Beijing 100037, China; 2.China University of Petroleum, State
Key Laboratory of Petroleum Resources and Prospecting, Beijing 102249, China; 3.PetroChina Research Institute of Petroleum

s BH#A: 2020-08—17; BB HH#A : 2021-05-06

EE£TE . E M FE AR H (DD20190405 ) FlE ZRHE H K L3 (20162X05034001-005 ) BEA 7

{EE R X, 2, 1988 4FA: 14, NFFARH HL IR SR LFR At b SR 27 A IR 55 R FEIFSE 5 E—mail: 471568216@qq.com,
BIES : TR, 53, 1977484 DF5E I, WS ST PERIR 5515 BAEAIFSE s E—mail: wehx2000@qq.como

http://geochina.cgs.gov.cn H1E LT, 2021, 48(3)



5484 553 1 RIS « WAL b AU TR ] 2 DA B b 2 23 F LB A AR 5 949

Exploration & Development, Beijing 100083, China; 4.Institute of Unconventional Oil & Gas, Northeast Petroleum University,
Daging 163318, China; 5.Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: As an important part of shale reservoir space, organic pores possess strong heterogeneity, which hinders the correct
understanding and evaluation of shale reservoir quality. The heterogeneity is essentially affected by organic macerals and their pore
evolution during hydrocarbon generation process. Through located observation based on the field emission scanning electron
microscopy and optical microscopy for pore development of the specific macerals, combined with Image J digital process technique,
the pore evolution law of different organic macerals was summarized by quantitative statistics of macerals at different evolutionary
stages. The results show that the porosity with solid bitumen is first increased and then decreased with the increase of maturity. The
solid bitumen porosity is the highest when SBR, rangs from 1.6% to 2.0%, while the porosity begins to decrease when SBR, exceeds
2.0% . The pore development models of vitrinite and inertinite are similar. The both porosity decreases first and then increases
slightly as maturity rise. In the oil window stage, the porosity of vitrinite and and inertinite is the lowest, because the filling of
inorganic minerals and solid bitumen in the primary cell lumen make the loss of pores more than 90%. In the high mature stage, pore
development of solid bitumen makes the original cellular pore getting a certain degree of recovery, becoming the main contribution
and accounting for 56.73% and 100% of residual pores of vitrinite and inertinite respectively. It can be seen that solid bitumen pores
are of importantance to the shale reservoir. Combined with sedimentary diagenesis and hydrocarbon generation, the pores of shale
reservoir are the most developed in the immature stage and the late stage of high maturity. The former is dominated by primitive cell
pores, while the latter is dominated by solid bitumen pores. Clarification of the pore evolution pattern of organic macerals can

provide a significant reference for favorable shale reservoir prediction and reconstruction of shale gas development.

Keywords: organic maceral; pore evolution; FE—SEM; fluorescence microscope; shale reservoir; oil—gas exploration engineering;
Songliao Basin
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Fig. 1 Pores information extraction of solid bitumen with different SBRo
a—Telinite, a few cellular cavity filled by solid bitumen, SBR0=0.89%, S103—NO05, 2663.7 m, reflected light; b—SEM image of a, solid bitumen filled
in the cavity have no pores; c—Partial enlargement of a, organic porosity is 0; d—Solid bitumen coexists with rutile, SBRo=1.49%, B2—N10, 3938.2
m, reflected light; e—SEM image of d, porous solid bitumen; f—Pore extraction of e, organic porosity is 18.52%; g—Star shaped solid bitumen, SBRo=
1.92%, SL2—NO06, 3430.1 m, reflected light; h—SEM image of g, heneycomb pores; i—Pore extraction of h, organic porosity is 19.98%; j— Solid
bitumen coexists with clay minerals, SBRo=1.98%, B2—NO04, 3896.1 m, reflected light; k—SEM image of h, unevenly distributed heneycomb pores;
1-Pore extraction of k, organic porosity is 4.62%
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a—E IR, FUA M2k, SL2-N06  J1-3430. 1m, S5 s b—[&] a 1Y SEM JE A+, i JEs Bl JCHLE H AN A I 75 Fe 42, 7 A /b i FL LRI AR I 75
FLBR ;5 Tl , — B i e FE 8T, — M AR FE BT, SL2-N06 FF 3430. 1m, SUAHE 5 d—8 ¢ (9 SEM BE A SR ATMI e LI 4 7 s e—1 Il iA
FIBEBUAAR &S 5347 , SL2—N06 H-3430. 1m, UG F—1&] e (1 SEM Bt 7, 15 B 5 4 /b i LB
Fig.2 Pores information extraction of inertinite
a—Inertinite with cellular structure, SL2—NO06, 3430.1m, reflected light; b—SEM image of a, some cells in the inerntinite are not fully filled with

nonporous solid bitumen and possess large residual spaces; c—Inertinite, one cavity is filled with pyrite and the other is filled with nothing, SL2—

NO06, 3430.1m, reflected light; d—SEM image of c, unfilled cavity well—preserved; e—Inertinite and vitrinite are adjacent to each other, SL2—N06,
3430.1m, reflected light; f~SEM image of e, inertinite contains a few pores
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B2-N10J1:3938.2 m, i St lt; & e (1) SEM R 1, SR AT HLITTFL B
Fig.3 Pores information extraction of vitrinite
a— Vitrinite with cellular structure, B2-N10, 3938.2 m, reflected light; b—SEM image of a, cell lumen is filled with porous solid bitumen and
minerals; ¢c—Vitrinite with cellular structure, B2—N10, 3938.2 m, reflected light; d—SEM image of c, cell lumen is unfully filled with pyrite and
remain a few cell pores; e—Deformed vitrinite, B2-N10, 3938.2 m, reflected light; f~SEM image of e, a few residual organic pores
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Table 2 tatisticds of surface porosity in vitrinite and inertinite

- T MRETHAL R BN BN R BT R EAE R BRI AT

Ay /% /% HAL/% WRE% AL % R L% L%
& 2a~b T A 37.00 1.04 28.31 76.51 8.24 20.68 0.59 56.74
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Fig.4 Pore evolution model of different organic macerlas
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