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Abstract: The 2nd member of the Paleogene Kongdian Formation (Kong 2 Member) in the Cangdong Sag, Bohai Bay
Basin contains thick-bedded organic-rich shale sequences, suggesting promising prospects for resource exploration.
However, there remains a lack of a systematic understanding of the coupling relationships between the lithofacies and
pore structure of shales, restricting the thorough analysis of shale oil enrichment mechanisms. This study aims to
determine the microscopic pore structure characteristics of reservoirs of different lithofacies in the Kong 2 Member shales
within the Cangdong Sag. Specifically, the microscopic pore structures are characterized at multiple scales using a range

of techniques, including X-ray diffraction (XRD), total organic carbon content (TOC) analysis, argon ion milling-field
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emission scanning electron microscopy (FE-SEM), N, and CO, adsorption, the automated mineral identification and
characterization system (AMICS), and three-dimensional (3D) reconstruction using focused ion beam-scanning electron
microscopy (FIB-SEM). The results reveal that five shale lithofacies occur in the study area: lamellar felsic shale,
lamellar mixed shale, massive mixed shale, lamellar carbonate shale, and massive carbonate shale. These shale
lithofacies contain various types of reservoir spaces, including inorganic pores, organic pores, and microfractures, with
significant variations in pore structure. Nevertheless, in all shale lithofacies, the pore sizes predominantly range from 2
nm to 200 nm, with nanopores acting as the primary contributors to the reservoir space. Among these lithofacies, the
lamellar felsic shale and lamellar mixed shale exhibit large pore volumes due to the presence of macro-pores and
microfractures. In contrast, the organic-rich lamellar shale exhibits higher connectivity compared to other lithofacies.
Regarding the occurrence states of organic matter, syngenetic organic matter, interstitial organic matter, and organic
matter-clay mineral complexes exhibit diverse morphologies and contact relationships with surrounding minerals,
contributing differently to pore volume and connectivity. Notably, the syngenetic organic matter in high-frequency
lamellar shale can improve the pore structure. The deposition and evolution of organic matter and mineral components
control the modification of reservoir pore systems. The compressive resistance of the felsic mineral matrix is favorable for
pore preservation. In contrast, although lamellar and massive carbonate shales contain extensively developed dissolution
pores, the cementation between minerals limits their porosity and connectivity. Furthermore, erosional fluids generated
under moderately high TOC content and thermal evolution migrate along lamina interfaces and microfractures, playing a
significant role in creating differential reservoir performance across the various shale lithofacies.

Key words: pore structure, lithofacies, shale, the 2nd member of the Paleogene Kongdian Formation (Kong 2

Member) , Paleogene, Cangdong Sag, Bohai Bay Basin
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Fig. 1 Sedimentary system map and composite stratigraphic column of the Kong 2 Member in the Cangdong Sag, Bohai Bay Basin
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Table 1 TOC and mineral compositions of shale samples from the Kong 2 Member in the Cangdong Sag, Bohai Bay Basin
PSS BBE/m TOCK% AL F
Fap A BRKA Jrta Hzsf 'Y rdhn Fikwy Hib

D-1 3368. 12 2.46 9.0 8.0 19.0 8.0 36.0 4.0 11.0 5.0 0
D-2 3 364. 66 5.17 9.0 7.0 16.0 4.0 48.0 1.0 11.0 4.0 0
D-3 3 358.06 6. 26 12.0 13.0 18.0 11.0 28.0 5.0 7.0 6.0 0
D-4 3355.30 5.71 14.0 10.0 22.0 7.0 29.0 1.0 10.0 7.0 0
D-5 3354.00 6.27 12.0 7.0 22.0 10.0 36.0 1.0 9.0 3.0 0
D-6 3353.13 9. 84 12.0 12.0 36.0 3.0 22.0 3.0 6.0 6.0 0
D-7 3343.99 8.27 13.0 14.0 35.0 4.0 15.0 3.0 9.0 7.0 0
D-8 3341.21 2.12 16.0 10.0 10.0 6.0 25.0 5.0 21.0 7.0 0
G-1 3129.82 5.63 15.6 11.0 5.4 12.6 14.9 0 17.7 17.0 5.8
G-2 3122.31 2.47 19.9 14.3 6.4 0 26.4 0 14.6 15.0 3.4
G-3 29717.05 10. 85 9.4 16.0 3.3 3.6 40.6 4.0 12.8 8.7 1.6
G-4 2974.74 3.14 15.3 12.3 5.8 5.3 26.2 0 13.6 18.2 3.3
G-5 2971.78 5.19 11.6 8.6 4.5 9.0 37.3 0 10.5 15.3 3.2
G-6 2949.75 6.41 11.3 12.9 5.3 4.0 15.5 0 34.1 13.2 3.7
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Fig. 2 Ternary diagram showing the lithological division for shales
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of the Kong 2 Member in the Cangdong Sag, Bohai Bay Basin
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Fig. 3 Lithofacies types and their characteristics for shales of the Kong 2 Member in the Cangdong Sag, Bohai Bay Basin (well G)
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Fig. 6 Bar charts showing the pore volumes and pore specific surface areas (a) and pore volume proportions (b) for various lithofacies of

shales in the Kong 2 Member in the Cangdong Sag, Bohai Bay Basin
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Table 2 Comparison of pore structure parameters across different lithofacies of shales in the Kong 2 Member in the Cangdong

Sag, Bohai Bay Basin

HaAE Y s fLBR R ERY FLERARY (em™/g) FLBRABL S /%

(m?/g) AL it AL JAL AL i fL AL
D-1 3368.12 HeRERRER sUAAH 2.19 0.00058  0.00140 0.00081  0.00279 20.79  50.19  29.02
D-2  3364.66 SUEIRMKIREE TUAHH 2.82 0.00062  0.00308 0.00103 0.00473 13.15 65.14 21.71
D-3  3358.06 SURIRIRAHRITAH 3.88 0.00138 0.00182  0.00406 0.00726 18.98  25.08  55.94
D-4  3355.30 QURARKIETIUA A 4.22 0.00139  0.00269 0.00353 0.00761  18.30 35.31  46.39
D-5  3354.00  HURERIRER DU AH 2.84 0.00083  0.00231  0.00421  0.00734 11.27 31.41 57.33
D-6  3353.13 SRR KSETUAHH 4.12 0.00131  0.00214  0.00740 0.01085 12.05 19.73  68.22
D-7  3343.99  ZUZRRKILE A 6.08 0.00235 0.00258  0.00449  0.00942 24.92 27.43  47.65
D-8  3341.21  HURIRAFUUAA 5.90 0.00130  0.00621  0.00311 0.01062 12.28 58.46  29.26
G-1 3129.82  SUIRIRA T SUAAH 4.36 0.00153  0.00147 0.00283  0.00583 26.29 25.22  48.48
G-2  3122.31  BelRIBATRIUEM 4.88 0.00117  0.00511  0.00382 0.01010 11.56  50.60  37.84
G-3  2977.05 SUEMREKIRER UAHH 2.93 0.00103  0.00101  0.00197 0.00402 25.70 25.25  49.05
G-4  2974.74  HRIBAFUUAAM 3.14 0.00095 0.00252  0.00313  0.00660 14.44  38.18  47.38
G-5  2971.78  SURIRBREREL VUAHH 3.31 0.001 14 0.00205  0.00317  0.00637 17.93  32.28  49.79
G-6  2949.75 SURRIRAFRIA 6.11 0.00223  0.00121  0.00322  0.00666 33.47 18.15  48.38

18. 65%, % LB TTHR B /DN, A FL A AL AR 7 s AL
PR AR B AG LE AT 241 53 591 o 35. 89% Fi1 45. 46%, X 1T
LB AR TR BTRR K, 78 802 A 5 5T 0T 5 A A
SRR A T T A, 7 FLXT LB AR BTk E Ry
2 (El6b) .

N 2 86 5 50 00 75 %) L B A B B AL A2 2 A R 4 FE 0
BT 2 ~ 10 nm fLAREE N 5 B b, ZEABIFE S H, 20 ~
50 nm FLAR G B9 BRI (8] 7a) o CO, W B 52 56 0
15 B FLBR AR R BE AL AR 53 A 1 e e A 22 IOBUIAEREAIE , 0
{53 2T 0. 48 ~ 0. 65 nm A1 0. 65 ~ 0. 90 nm FLAZIX
], 5.5 Fla AHE R B AR L I EIE A (B 7h) . N,
W A 2 36 A5 P L B A AR B L AR AR b i 2 A AN ]
FAHIE] R 25 5 SRR R A A AN SRR IR
A T DUA HH 4 FL B AR AR 3 7 FL A2 KT 100 nm
Jei BRI 5 HORTE A5 53 0T AH A FL B A B 448 a0 1
W HH BLAEFLAR 50 nm BRI ; T S0UZRBRIRER U1 A A B
AR A R £ T2 AH i FLBR A B sk 3= 2ok B L4 10 ~
30 nm H170 ~ 100 nm AN L5 ZFL, EAh , 2EA™ SRR 5
H1,7 ~ 10 nm FLAAEFE A FLBE R E (Kl 7c) .

UEAN AR R S 56, B X R AR MR L —
BEUUA S T R FLARTE 2 nm ~ 50 pm 0 A A9 FL B R
i JAN R FLAR AL OGS FL B AR B BT ik A 8 e SR AR
R R SUR R ST DU A B2 RIR A T A
A A FLBR AR 3= fL#2 4 ~ 8 nm, 50 ~ 200 nm,
1 ~5 wm F130 ~ 50 pum A FLBR BTRR ; BUZ AR IK 2= T (fifke

fiR R ) BT AH A FL B AR FR = 22t FL4% 3 ~ 20 nm, 100 ~
500 nm 110 ~ 50 pm [ FLER TTRR . BOIRIR A T 00
AH R BOIR B R £ U1 A Y LR R R 2 R AL AR
4 ~8nm,1 ~3 pmH130 ~ 50 pm BFLERIRAE . & 540
Z A FLFLBRAR B 22 AN K, 2L -l 2 4 R 40 2
M) AHFLBR AR R SCHE BE R

3.3.3 LR B ILIR i E M

T2 0 A LB S T e T AR DT AR A
I 2 A6 25 i) oA B OGP m] e B, A (W) 49 B 2 4= 1Y
FL-BEM 2 R g0 ARBF ST S BUE A T FE FL — B 3
B B R A Py 4L RN A BT = B A 78 T R
v F FIB-SEM 4% A FLWL R AE AL PR 25 (8] 43 A S 3% 38
PERRAE o 455 o , AN )55 R 1 L 4% I 45 g 78 % Hozs
) 2 A AR i 22 5 (1 8) o SURRIRA R TUAH
FLBR 5 T L4 A HILIBT NS JC AL 4 o0k (8] S A AL
-1 S AL 2 R R (K 8a,,a,) , FLERE M 0. 29%,
FLBR AT 2 20 ~ 100 nm FLAZ BIFLIR BTk, FLAR K
T 100 nm A9 FLBR S s S 2 LB AAR R | Lk 5] 18. 12%
(&l 8a,) , I AF: fil HAT A58 K114 326 3 FL B AR BRI A5 K 1y i
A LM, 8 A 3% 3 T A (181 8a,) o HUIRTR A I TUA AH
B SRS R BRIRER T FIAE S FL IR S 344 £ 20y
A TE MEPE D ) 0L 22 18] B R R0 ) & 1) A HIL S -
W45 il 57 5 (&1 8b,, by, ¢, c,y) , FLBREE AT 514 0. 74%
1. 22%, FLER AR FR 32 22t £L4% 10 ~ 60 nm 9 FL B 57



866 £S5 KRR R

F41 %

SR KRR FLBRREU &

eDiEE
REZ

FLENEETERE S FLAE-FLBE AR AT RHAE

2 0 S > & SF S

R

100

FLEAAAR 5 /%
ABULBIAA 5 /%

(=2

|

am 01

== s

N

SRR 5 E /%

FLBRAREL L EL /%

fL4%/nm

FHEEERESEME

o
N

FLEAAAR 5 /%
SRR 5 E /%

FLER

Qo
''n
P FLBR

P8 I G AR M G AL — B DU ML AR i FIB-SEM A4S
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Fig. 9 Diagrams showing the correlations between the contents of various mineral components and pore structure parameters of shales from

the Kong 2 Member in the Cangdong Sag, Bohai Bay Basin
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