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Reservoir micro—characteristics of massive and laminated lacustrine shales :
A comparative study from the Paleogene Shahejie Formation, Nanpu Sag
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Abstract: To investigate the micro-characteristics of laminated lacustrine shale, samples were collected from
the first member of the Paleogene Shahejie Formation in the Nanpu Sag. An integrated approach was applied,
including nitrogen adsorption, X-ray diffraction, TOC measurement, rock-eval pyrolysis, scanning electron

microscopy, and image analysis using Image] software. The results show that the shale interval comprises both
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massive and laminated types, with the latter being dominated by clay, mixed, and felsic laminae. Compared to
massive shale, laminated shale exhibits more developed micro-fractures, better pore connectivity, and a higher
occurrence of organic matter-filled pores. In contrast, pores in massive shale are smaller and less connected,
with organic matter intermittently filling only part of the intergranular pores. Geochemical analysis indicates
that laminated shale has higher average TOC (1.06%) and S, values (1. 76 mg/g) than massive shale (TOC:
0.60%; S,: 0. 68 mg/g), confirming its superior oil-bearing potential. The reservoir is dominated by medium-
sized pores. While laminated shale has a larger specific surface area and average pore diameter than massive
shale, its porosity is relatively lower. Furthermore, as lamina density increases, the porosity of laminated shale
increases but TOC content decreases; whereas, with greater variation in grain lamina thickness, porosity

decreases and TOC content increases. The laminated mixed shale is a favorable lithofacies for shale oil explora-

tion due to its complex pore network, good connectivity and high organic matter abundance.
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Fig. 1

Geological sketch map of the Nanpu sag showing the location of the sampling well ~ (left)

and Stratigraphic column and

tectonic evolution of the Nanpu sag during the Paleogene (right)
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Table 1 Samples information, Nanpu Basin
P S WEm WiE | PSS S WEm i
1 DI 4585.00 ZUZAK|| 11 DI 497675  Hulk
2 DI 461000 ZUZER| 12 DI 4978.00 Huk
3 DI 4750.00 ZZAK| 13 DI 497875  Hulk
4 DI 4810.00 LUk | 14 DI 4979.25 LUztk
5 D1 4960.00 ZUZAK | 15 D1 4977.10  Hufk
6 D1 497350  Hulk 16 DI 4977.50  Helk
7 D1 497425 ZUZAR || 17 D1 4980.00 ZUZIK
8 D1 4975.00  Hufk 18 DI 4980.50 ZURIK
9 Dl 4975.60  Hufk 19 DI 5030.00 ZUzik
10 DI 497625 Huk | 20 DI 5130.00 ZUHik
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Fig. 3 Mineral components of rock samples, Nanpu sag
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Table 2 Mineral components of rock samples, Nanpu Sag

Fe WEm Kit% A%% WEA% BEA% iRA% AxA% EE% MHEREHe Wik HAKR
1 4585.00 15.5 49.5 23 18.0 11.2 3.5 / 84.5 guzk KA ICA
2 4610.00 33.7 36.7 2.0 9.1 13.5 5.0 / 66.3 gk WA WICA
3 4750.00 285 49.8 2.5 5.7 7.6 5.9 / 715 gtk KWEF A
4 4810.00 33.4 35.5 4.1 11.0 12.0 4.0 / 66.6 gtk KWEF A
5 4960.00  40.6 40.4 1.0 4.3 7.2 3.7 2.8 59.4 gk WA BIUA
6 4973.50 10.1 52.6 6.0 9.3 3.5 18.5 / 89.9 etk KIE T o
7 4974.25 38.5 47.8 1.0 5.1 4.1 3.5 / 61.5 gUER KWEmUE
8 4975.00  46.8 35.6 1.1 2.0 9.8 4.7 / 53.2 Huk RA TS
9 4975.60 347 45.8 0.0 5.8 7.8 32 2.7 65.3 etk KT v
10 4976.25 18.4 55.2 25 8.4 6.9 8.6 / 81.6 etk KT DU
11 4976.75 23.6 39.3 2.0 5.6 1.7 27.8 / 76.4 etk RA T ICS
12 4978.00 14.3 60.7 22 13.5 4.2 5.1 / 85.7 ok KT DU
13 4978.75 21.5 493 4.8 9.0 11.0 4.4 / 78.5 ok BT DU
14 4979.25 39.9 39.8 1.9 3.9 6.1 3.6 4.8 58.1 gk REWICE
15 4977.10 19.8 48.1 12.3 9.8 5.5 4.5 / 80.2 Hutk BT GO
16 4977.50 17.1 50.7 3.1 193 5.1 4.7 / 82.9 Heik T G
17 4980.00 50.1 38.1 0.0 2.6 5.1 4.1 / 49.9 50X NI e Wi E o)
18 4980.50 33.9 42.6 0.0 2.4 5.6 15.5 / 66.1 gk WA BICA
19 5030.00  41.8 31.2 2.1 4.7 15.0 3.6 1.6 58.2 gtk WA BIUA

20 5130.00 37.1 38.4 2.3 5.0 9.5 5.7 2.0 62.9 gk WA IUA
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Table 3 Character of laminae, Nanpu Sag

T . . wRE AR5t
S WEm A Goomm) R
1 4585.00 LUk KEEEIUE 7.28 0.297

2 461000 ZUEIR ORGSR 1.90 0.380

3 475000 SRR KRIERIUE 5.96 0.386

4 4810.00 IR KEFTITE 2.54 0.505

5 4960.00 4R IRATIUE 3.38 0.458

7 497425  LRIR KESRRITA 11.59 0.313
14 4978.00 &AMk IRATICE 10.50 0.113
17 4980.00 ZUZAR K HIUE 15.47 0.297
18 4980.50 LURIR WA WITA 17.29 0.121
19 5030.00 ZUFEk  RATICE 3.81 0.239
20 5130.00 gtk IRAIUE 5.92 0.324
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Images of laminae under the microscope from Nanpu sag
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Fig. 5 The lamina characteristics based on Image-J software
processing
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Table 4 Experiment results of rock samples, Nanpu Sag

FEGS R /m T A TOC/%  S/(mg-g™) S/(mg-g™) HI/(mg-g™) Tmax/°C
1 4585.00 gk KT 1.27 1.19 0.65 50.94 442
2 4610.00 SRR IRA U 1.47 1.45 243 165.17 443
3 4750.00 SRR KR 1.06 1.60 1.22 114.62 443
4 4810.00 gUER T I 2.03 2.08 5.77 284.43 440
5 4960.00 3N RA R 2.04 2.04 6.27 307.51 442
6 4973.50 Huk KB 0.26 0.11 0.27 103.00 454
7 4974.25 SRR KT v 1.07 1.02 2.64 246.93 453
8 4975.00 Hulk REIUE 0.87 1.03 1.23 141.85 452
9 4975.60 etk Ko 0.57 0.27 0.64 112.20 454
10 4976.25 Hulk KT 0A 0.61 0.45 0.69 112.85 456
11 4976.75 otk RA I 0.52 1.12 0.49 95.50 457
12 4977.10 etk K v 0.62 0.34 0.75 120.32 452
13 4977.50 otk K 0.27 0.16 0.30 112.88 450
14 4978.00 8RR IRA U 1.11 0.83 4.28 385.95 456
15 4978.75 ik T DU 0.73 1.21 1.50 205.52 450
16 4979.25 Huk T IO 0.98 1.38 2.49 254.01 451
17 4980.00 gURR Al B 1.23 0.40 3.28 266.40 450
18 4980.50 (3422 IR U 1.24 2.35 437 352.70 454
19 5030.00 343N R 1.70 2.69 4.83 284.27 444

20 5130.00 QI RE R 1.98 3.72 4.26 215.27 438
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Z W ROIREEFUBORL , 5 U B BRS  E
A, a R AIE AL, (AR EREARN,
SUZARTUA I IR AT S, 88 T8U2 MR
T LB ST A , al ie 5 SUZ R T a1 4)
B 1] HES HATH S RE 1355 A G o

FERFRAEAE S RIZERA . RE L. KL AL
AHUTAL . fReRAE 0 ORI ALIE T Ok
e S HERUITIE 1804 328 18wl ST ALBRE, P fLARER
K, 500 nm; AL A LI JCAHLER AR HLR (4 7 1t
TERE R, 2Rk T TR A MR 5 i ik
P, SPRALAE S 200 nm; A HLTTFLIR AL T
A BT BERRE A, 2 A AR AR HERE A R e i
7FTANBIAMLE, FLREAN, N
50 nm. PWCREE R Gt 2 52 A0 3 N A T IR I
Y, BERETAE /N A S LB, R BUA A R Y
HEGEIE

BURARAR ST I e 8 Y 2 2L B g A
WISl fBRdsE, WORDE AWM, S8 010, fLER
EEE PR (B 10a) 5 SUZARIRAS TS 1Y i 5

*x5 DIHFRESITEHER

Table 5 Porosity characteristics of rock samples, Nanpu Sag

TR W it FLEREE /1% R WIE it FLEREE 1%
1 4585 gUZAR 7.473 11 4976.75 Yotk 15.27
2 4610 SUZAR 1.441 12 4977.1 Yotk 8.996
3 4750 SUZAR 5.012 13 4977.5 Yotk 8.843
4 4810 g2k 6.527 14 4978 SR 7.070
5 4960 g2k 3.173 15 4978.75 Hutk 11.600
6 4973.5 Hutk 9.852 16 4979.25 Hutk 11.46
7 4974.25 SRR 9.728 17 4980 SRR 11.929
8 4975 Huk 10.353 18 4980.5 SRR 10.951
9 4975.6 Hufk 9.565 19 5030 SRR 8.783
10 4976.25 Hutk 7.910 20 5130 SRR 8.545
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Table 6 Nitrogen adsorption results of rock samples,

Nanpu Sag
Fems B ¥t SSA/m¥g  TPV/ml/g  fL4%/nm
7 497425 Rk 2232 0.004 3.712
8 4975.00 Bk 3.534 0.007 3.704
10 4976.25 Pk 4.645 0.008 3.712
11 4976.75 Btk 3.993 0.008 3.721
14 4978.00 4k 11.829 0.006 3.723
15 497875  Hulk 8.104 0.007 3.689
16 497925  Hulk 11.668 0.005 3.679
17 4980.00 LR 16.929 0.005 3.708
18 4980.50  &ZuFtk 12723 0.006 3.695

Z3 (B g RLlalfL R A AR N L, T
=AM A A, fLBEEPEL (B 10h); 2
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Fig. 7 Nitrogen adsorption isotherm of Nanpu sag
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Fig. 9 Specific surface area distribution curve of Nanpu sag

(a) BRI 5 (b) ZUZ R TS

i [5] £L :
T LI A B
[ FL

L] L
10 pm

Wk 4 5

CAED

50 pm TR 30 um

KN AL

£ PLBT

10 um

10 AFIZEBIGUZR U FIHOR TUS 4 L3
Fig. 10 SEM images of shale from Nanpu sag
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AR (E12) . SUZ2RITEMFLBRREE 1. 441% ~
11.929% 2 [a], F3{E N 7. 330%; BRI A A FLER
FETE 7.910% ~ 15.270% Z 1], “FFI{H N 10. 428%.
SURRTUAE Y R T BUN 10. 928 mg, “F34L
3,710 nm, “FXEFLAEFIR 0. 005 ml/g; Bk

HALBR P A, LB AY He SR AR R
I H i FEUZRIUA AP S e, Ak iEfe
TR FLAR B/ IN B A L FLAE D e Tw RS 1 8%
REGTTRR 200 PRS0 Z R 50 ) FLER E B A
THORIUA, [AAEEE BN 2 2R, X<

A S 38 e 1 BN 6. 389 m¥g, FIFLAE N RURESEMEELE.

3.701 nm, FHEFLAEFIHR 0. 007 ml/g. ﬁF%ﬁﬁﬁmamﬁﬁﬁm?ﬁF&@%
SAPMBRELIE R, HTYZRICAN  FoUE, (R RS LR RSN F 8UZ R IR

PUESERE AT, Z A RS S IREA, IR %EﬁEO&F&ﬁ%ﬁﬁﬁﬂﬁﬁﬁimww

LR T —E TR RREIN , DIALBREE AL 9. 728% 6], “FIME N 7. 185%; LUJZARIE A it

PRBERELAR o T HOIR 5 A £L B IR A7 B
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PABRAR . Pegethon 2, HRCRELTEZ, Wit

HFLBREAE 1. 441% ~ 10.951% Z [6), SEYI{H N
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Fig. 12 Comparison of SSA,

average pore size and TPV between different types of laminated shale and massive shale
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SUZRIEA T UUA LR T FAE 11. 829 ~ 12. 723 m/g
ZIA], SEE R 12. 276 mYg, SFHFLAE K 3. 709 nm,
T3 HALARFLUR 0. 006 ml/g, SUZMRIE AR 014 1
OB B3 i /7K 38 R8T, R L ) B8 5 DL AR,
i B & m TYURRK AR a2 . Wik, &
PEO™ ) & B FUEAR A RS 4 B f il SU2 R 9
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gk (W . AL gy AR B Bk
(Gr)z=2n | %) LRI AR, soa ek
W), N AT LU RS2 AT IR simk T
FLBREE A = (B, DRS04 LA R B0 e 257
IV 45 fb VR T UG R T FLBSRE BAERAEL
4.3 RREGERTEHESHEEZER

T R T R AR 5 i A AL 7 & A B 2
(F113), &AL, SU2RICA AL & EA U]
= FHOR U . SUZR KT IUA TOCTE 1. 06% ~
2.03% Z b, HeAR K 9E 5T ot TOC 7E 0. 26% ~
0.98% Z ] . SCJZMRIEA T 0U# A P& w7
1. 11% ~2.04% Z [d], fm THORIBA S, H
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AR MBS AR DR S B S, i 2 (13),
SURAR AR S, 91 i THOR s HIR & B il
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Fig. 13 TOC and soluble hydrocarbons comparison of different types of laminae samples and bulk samples
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