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Quantitative characterization of micro heterogeneity of tight reservoirs by
large-view FE-SEM splicing technology

Li Wenhao, Lu Shuangfang, Wang Min, Zhou Nengwu , Cheng Zehu

[ School of Geosciences, China University of Peiroleum (East China) , Qingdao, Shandong 266580, China |

Abstract: High-resolution scanning electron microscope (SEM) is the most intuitive method to study the
heterogeneity of tight reservoirs, though the problem of representation of view area is yet to be solved. The tight
reservoir of the third member of the Hetaoyuan Formation in the Biyang Sag is taken to quantitatively reveal the
micro heterogeneity of tight reservoirs of diverse types with large-view splicing technology of field emission scanning
electron microscope (FE-SEM). The results show that the main types of tight sandstone reservoir space in the study
area include intergranular pores and intragranular pores, together with a few micro-fractures, and the shale
reservoir space types are also dominated by intergranular and intragranular pores, with relatively few organic pores
or micro-fractures. The micro heterogeneity of minerals and pores in tight reservoir rocks such as mudstone, shale,
argillaceous siltstone and sandstone are discussed by combining FE-SEM technology with statistical method. The
view area of a square with a side length of 160 pm, 300 pm, 300 pm and 1 000 wm can be regarded as
representative view area of mineral micro heterogeneity of the four lithological types of tight reservoirs mentioned
above, and the view area of a square with a side length of 200 pm, 300 pm, 300 pm and 800 wm can be used as the
representative view area of their pores’ micro heterogeneity respectively. Thus it can be seen that there are marked
differences in micro heterogeneity among different types of tight reservoirs, that is, the micro heterogeneity of
sandstone, that of argillaceous siltstone and shale, and that of mudstone ever decreasing in order. Considering the

micro heterogeneity of minerals and pores, the view area of a square with a side length of 200 wm, 300 pm, 300 pm
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and 1 000 wm can be used, respectively, as the representative view area of micro heterogeneity of the mudstone,

shale, argillaceous siltstone and sandstone reservoirs in the study area.

Key words: mineral micro heterogeneity, pore micro heterogeneity, large-view splicing technology, tight reservoir,

Biyang Sag, Nanxiang Basin

SURARES 230, 5 XU, R, A5 5L T A B R S EHE BOR S RAE R 2 ORI Bk [ ], il 5 R AT BT, 2022,43(6) - 1497-

1504. DOI:10. 11743/0gg20220618.

Li Wenhao, Lu Shuangfang, Wang Min, et al. Quantitative characterization of micro heterogeneity of tight reservoirs by large-view FE-SEM

splicing technology[J]. Oil & Gas Geology,2022,43(6) : 1497-1504. DOI: 10. 11743/0gg20220618.

SRR R W N R o TR S G W S A E (15
R BLSE B RAEREEIE . 5 R R AR L, SR
EERA Y2 AR BTPER ROW LI R R B 2 R
ST SO At R OV AL B 4 A 2 5 e LA AR 1 e
B BE ) W E R W B2 AR 2 R] S K
HAOREE A FFERT TR B s P Ay S
B AR AN/ 30 v R ok AR T AU R
Yy % S H H R (FE-SEM) A% fi 4 9R 45 J 76 X6 808
fift J2 it B 2% 18] 8 AL A7 2o R 19 5 M A E B ISR
TR

TAOWL A 12 J53 M R 22 SR I S92 6 5 ¥ R IE A2
Klaver %2243 T BIB-SEM ( % 25 7o 13 s 55 ) 12 11
AR (REA) R PP A 34 Bk iy 5 55 , (HAE X J3 1
TR WA I BE 119 2 S AR XE M b DX 534 40 28 W LA e
FLBR Y 5 S0 T RN b B> BE T4 4 e B A O TR A
T DU AR Z ORI U e (HA R REE i
PE OMLAR X Bk 5 55

FT G B 4637 & A 1 i B2 AT 42 3] 10nm
DL LB, S WL 44 K ROBE T FLBR I TE 2 4544 M
F AR ISR AL T — g 2y ik s R kG
4 5 EL A 0 R AR R (E T A B AR
EARRZZWECR . SR, 375 % S5 414 L B R AL s b
HOR TR T A B Jag BRAAE , (4532007 X GOR
AR RUBE AL B O8I Ko A BT A AR, JF BAE R
CURC e ol NI B S T E R 2 BL B [T RS S T 7 (B )
BB (S5 55 , LA SR 40 R H 1. A ST
WA FFTHT e A% Mk el 2 — B (% — B ) B 6 2 S 481, R
FHE R DA TR MBS S
ImageJ—Phtoshop F 4 A IE L FR I 17 B 40 36k T FROAS
B, A W) B BUR i 2 e oUs TR Bk b
EFIRD A ) B i ST AL AR A R A, Y A el
FRUHE 0 3] — s 2 B W A ) 0 i M i LR I TR E
B, S Fsf 8 A Sl T AR R O AR R . BT R R
JE it 20 ] 1A 5E XA [) S A0 28 B 1) 350 it 2 oW AR
Ve e 750 BER 5 U R = B ) o )i

1 DXl st

DA BH 11 8 457 90T 1 48 R S, Sk A P A b — 1 R
29771 000 km® AR G B 15 7T . % M1 A o —
A BEILSE  mE TR AL TR M AR M BE , 7T 43 3 A4 i
2 P TR BES R | S TV B R RN R O M A
R D). W R EWHMER EERMZE, A
MR A& 8 R KA hrdl A%k Fel 41 fn B
20, e Ak el 28 B T AR A 6 BH M1 1% 3 00 A il 22 B
ClnnZ = B 10y 2R I3 230 v ) | TR) st e 3 224
L2 Candz =B Tyl gl Ay 2 e v A Fnwbs . Vil 2
VI AR 25 ] M T 5% X 808 i )2) 27 o A%k el
HIEFEAE 2 000 ~ 3 700 m, H L R o] g —2 %] 54
Mi—B BB =B B R R E KO
P, Je /b mab s M iUa % B E AR K Ae s
MR =7, R e b DU s % — B R A & R
e WA BRb A JEEETE 1500 ~ 2 300 m™, A E
B = BONIRSE B 2B ZZBER B IR FRD
TS IX A2

2 MRl SR TE

JERERE S DR I TE R 8 mm e AT PR, SR
S5 3 S FEAS B CRLUBE )~ 9. 0,2, 0F10. 5 pum BYRD 4G
AU , FLAFES Bir F AR 4055 pr R 20 40, anitb e &2
203k , B PRAE i 2 TS O, B e R T O
EREFHOC R B 2. 1 mA RN 5.5kV,
£ 30 min V)L T 2 5.0 KV HLUE A 2. 0 mA B
X, R AWGE RS A TAE

A H L AR AR T R L LR R T R A
RETG M 4 = — IR MR £s o IR LT R LR AT
P B A A TR, (R B S ROV 3055 5 BT
W] 2 BRTC R 531, 4568 B Fe - IR R RE 33 20 BT
ALK A A o AR U Al H 5 S 5 R A5



ol

ZEICHE AT L BT R B R ML e B AR S B AR O 2 OO 32 1499

e e e e e el I I R il
AR MERLRL AREE RN "y It

Pl 1 e A M g s 28

Fig. 1 Structural units of the Biyang Sag, Nanxiang Basin'?
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Fig. 2 SEM images of reservoir space types in tight sandstones in the 3rd member of the Hetaoyuan Formation, Biyang Sag
a. KA A TR YRIE] L, 2123, SRV 3 195. 20 ~ 3 195. 30 m; b. 5 A AU AT Sh Bl FL AR PR FLAA 7, 7T LD REAHLAL, 2123,
HEVR 3 195. 20 ~ 3 195. 30 m; c. KAAK L W fhEFL, W 212, HEE3 195.20 ~ 3 195. 30 m; d. D @alfLARI Y FL, 212, HEPR 3 195. 20 ~
3195.30 m; e. K LW WRMLE R T, W2123F, MF3 195.20 ~ 3 195.30 m; £. A7 HLFL, W212 3, HIVR 3 195.20 ~ 3 195.30 m; g, h. BLF]FLAL,
[A]L, % 843, M3 031.72 ~3031. 87 m; i. KB /EBINFL, %847, HIVE3031.72 ~3031.87 m; j, k. WhEFLE AT, [Almt& Ak AL,
U847, HEYR3 031.72 ~3 031. 87 m; L. fifZ44%, % 84, MK 3 031.72~3031. 87 m
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Fig. 3 SEM images of reservoir space types in shales in the 3rd member of the Hetaoyuan Formation, Biyang Sag
a. /R R LA S AT AL, I 246 FF, K 3 446. 40 ~ 3 446.47 m; b, c. K HH SR AL KA S RTAL AR phfL, W6 246 I, HLTE 3 446. 40 ~
3 446.47m; d. /iR 48 K ATHLEL, W 246 F, HIIR 3 446. 40 ~ 3 446.47 m; e. fb A FLAA AL, MW 246 Ft, IR 3 446. 40 ~ 3 446. 47 m;
AU SR A AL, W 246 J1, $UR 3 446. 40 ~ 3 446. 47 m; g AHLTRFRSFAHLAL, WHT 11, HEIK 2 443,30 ~ 2 430. 35 m; h. fhfH LRI R
L, W1, MR 2 443.30 ~ 2 430.35 m; 0. 248, W1, HETE 2 443.30 ~ 2 430. 35 m; j—1 RS 04 )AL K A 1] FL A AL
W 1H, MR 2 443.30 ~2430.35m
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Fig. 4 Large-view splicing images in the 3rd member of the Hetaoyuan Formation, Biyang Sag
a. FERVHO, Wh246 0, b, HVR 3 446. 44 m; b, KRS HSY, WATT 1, TUE, #2430, 33 m; . Fdh H43, 21201, PRI,
HIR 3 195.25 m; d. FE HTS, %8401, b, #1183 031. 80 m
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Fig. 5 Mineral compositions of large-view splicing images in the 3rd member of the Hetaoyuan Formation, Biyang Sag
a. FEAHY, 182463, Jekr, A3 446. 44 m; b, FEdhHSY, WAUT 1, BUFA, SMTR2430. 33 ms e FEALHA3, W2129F, b Biie s,
T3 195.25 m; d. FEAHTS, %8431, A, SRR 3 031. 80 m
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Fig. 6 Variation of mineral content with side length of square view area in the 3rd member of the Hetaoyuan Formation, Biyang Sag
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Fig. 7 Variation of sectional porosity at diverse directions with side length of square view area in the 3rd member of the Hetaoyuan

Formation, Biyang Sag
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