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Appendix A: Supplementary figure and table
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Fig. S1. The location of the wells where the samples were collected from the
Qingshankou Formation in the Songliao Basin, northeast China.



Fig. S2. CT image processing: (a) original image, (b) gray value optimization, (c) noise
reduction, (d) threshold segmentation, and (e) skeleton structure and pores filled with
WM of shale sample.
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Fig. S3. (a) Mercury intrusion-extrusion curves for six samples, (b) Log differential
intrusion vs. pore-throat diameter from MICP for six samples, (c) Fractal characteristics
of six shale samples, and (d) Inflection point of mercury injection curves for six shale
samples. The dotted lines in (c¢) and (d) indicate the inflection point of intrusion
mercury saturation curve and fractal characteristic curves.
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Fig. S4. The left panels (a, c, e, g, 1, and k) of display the combined SANS and USANS raw scattering profiles for each shale sample. The right panels (b, d, f, h,
j, and 1) of display the plot of Q*I(Q) vs. Q* and (U)SANS profiles of each sample corrected for background. (a-b) sample A, (c-d) sample B, (e-f) sample C, (g-h)
sample D, (i-j) sample E, and (k-1) sample F.
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volume distribution obtained from (U)SANS.



100% 100% 100%

- b) - 100% F100% 100% - r100%
13 e o
(a) [ Percentage of pore number (%) 2 ( 3 ( ¢ ) [ Percentage of pore number (%) 2 (d) a
= —@— Percentage of cumulative throat number (%) s P B Peccentage of pore volume (%) s o —@— Percentage of cumulative throat number (%) £ P B Percentage of pore volume (%) ]
§ 80% - L 80% ‘;5 § 80% === Percentage of cumulative pore volume (%) | o0 r,'_a = 80% Fsow B °\: 80% —8—Percentage of cumulative pore volume (%) | ¢/, "%»
5 (] 2 & 5 K 2 o
£ e S 2 - S,
: £ 2 g 5 g 3 c
g 60%+ F60% 3 S 60%+ F60% 3 £ 60% Leowe 3 B Leow 3
5 £ e £ ] £ 3 £
g ES e ES 2 2 g 8
£ = e < 8 = o =
< a S o o o~ <
S 40% F40% = S 40%- F40% < S 40%-4 L 40% ; 2 Fao%
2% 3 ] g g E % 2
s - 3 o y 2 s a
] = e < s -4 = -
] = S O 5 =1 3 S
5 20% F20% § E 20% F20% £ g 20% 20w § g F20% E
(4
o g i@ o Z ps
= 2 = s
S = = g
0% —+ 0% = 0% - - 0% 0% Lo < L 0%
10-20  20-50  50-100  100-200 200-500 =500 10-20  20-50  50-100  100-200 200-500  >500 10-20  20-50  50-100  100-200 200-500  >500 10-20  20-50  50-100  100-200 200-500  >500
Throat diameter (pm) Pore diameter (um) Throat diameter (pm) Pore diameter (pm)
100% 100% 100% 100% _ 100% r100% 100% r100%
o c o c
C) I Percentage of pore mumber (%) a ( f) 2 (g) M Percentage of pore number (%) 2 ( h ) a
,_ —&—Percentage of cumnlative throat number (%) S ~ [ Percentage of pore volun s =, —8— Percentage of cumulative throat number (%) S = [ Percentage of pore volume (%) 8
§ - 80% "5; § 80% —@— Percentage of cumulative pore volume (%) | 80% (E § 80% f 80% (g =\: 80% —@— Percentage of cumulative pore volume (%) | 80 ‘g
; o 2 c ; o g o
£ s E 2 Z s E 2
E o = o £ o 3 o
El - ‘e £ 3 £ 3 s g
s 60% = S 60%4 F60% 3 S 60% 60% = S 60%-+ F60% =
K £: @ £ s £ > £
= 2z ES £ N =
g ER = i z A 3
s Fao% = S 0% Fa0% o S 40%- La0% = S 40% F40% <
o =3 3 =1 o = % -1
g 2 = e @ g = G
= 3 =1 < = B = <
3 g 3 = b = 3 =
5 F20% § 5 20%- [20% £ 2 20%- F20% 5 5 20%- F20% E
S T = 2 o z = 2
S S & ~
pas X —_ x
S < = <
= £0% 0% Lo < 0% - L o%
10-20  20-50  50-100  100-200 200-500 =500 10-20 20-50  50-100  100-200  200-500  >500 10-20 20-50  50-100 100-200 200-500  >500 10-20 20-50  50-100  100-200 200-500  >500
Throat diameter (um) Pore diameter (pum) Throat diameter (um) Pore diameter (um)
100% - 100% _ 100% r100% 100% r100% 100% r100% _
g () 9 (k) [ |2 { pore number (%) g (l) 5
[ Percentage of pore number (%) a J a ercentage of pore number (%) g X - 2
o ercentage of cumulative throat number (%) g - B Percentage of pore volume (%) g - I hroat number (%) s O :cnlnut n|‘|jme\vn|u!uu o) ) . 3
£ sov! Lsow £ £ so% —®—Percentage of cumulative pore volume (%) | ¢ o0 g £ 50 Lsow & 2 50%4 —&—Percentage of cumulative pore vohume (%) | o0 £
s = (3 o a
5 s 2 s 5 g 2 g
= = £ < 2 = £ S
£ o E o £ e 3 IS
5 g 3 £ 21 o w E T e L eowe £
£ 60% F60% 2 2 60 F60% 3 £ 60%+ F60% 3 > Lo o 3
s £ o = ] £ ° =
g 2 3 = = g g 2
S g & = = 5o g
< < 3
S 40% baow = S 40%- Fa0% 5 S 40% Fa0% o S 40% F40% =5
° - 2 2 T &% 2
20 2 i @ & 8 = 4
= 82 = < ] = = <
5 g 9 S 3 g 3 S
E 20%+ F20% 5 20% [20% E E 20% F20% 3 é 20% F20% £
o g¢  oh 8 [ :c- 3
= X > &
3 S = A
0% - - - (L7 0 0% 0% 0% = 0% = 0%
1020 20-50  50-100  100-200 200-500  >500 10-20  20-50  S0-100  100-200 200-500  >500 10-20 20-50  50-100  100-200 200-500  >500 10-20 20-50  50-100  100-200 200-500  >500
Throat diameter (um) Pore diameter (um) Throat diameter (pum) Pore diameter (um)

Fig. S6. Histogram of throat diameter (a, c, e, g, 1, k), pore diameter (b, d, f, h, j, 1) of shale pore network model. (a-b) sample A, (c-d) sample B, (e-f) sample C,
(g-h) sample D, (i-j) sample E, and (k-1) sample F.



o> (U)SANS e MICP
/';?)0 084
S
=
5
2 0.06 "
= )
(=]
-
o)
5 0.04 e
2, 2
E
=
" 0.024 » ® ¢

0.00 ’ : : . . . .
1 2 3 4 5 6
TOC (wt. %)

Fig. S7. Relationship between TOC and total pore volume of six shale samples with
different thermal maturity.



0.10 0.10

(a) 0 (U)SANS ® MICP (b) & (U)SANS & MICP
a] Lo

@0.03- o o @0.08- o <
& g & 2
& S
2 0.06 5 2 0.06 &
E o E .
(=] (=]
- o > o
(0] (2]
5 0.04] - 5 0.04] ¢
=9 [ ] =% *
E E
(=] (=]
= =

0.02 = = = 0.02 b ¢

0.00 T T T T 0.00 T T T T

20 24 28 32 36 40 30 32 34 36 38 40
Total clays (%) Quartz (%)
0.10 0.10
(c) # (U)SANS * MICP (d) O (U)SANS e MICP
* e]
008 pe * 0084 o o
= # = o
= =
N S
£ 0.06 % 20064 o
= * = L]
o (=]
> * > [e}
(5] (]
5 0.04] * 5004] ©
(=% (=%
= * = L
e 2
*
0.02- * 0.02 9 e ?
0.00 T T T T 0.00 T T T T T T
12 13 14 15 16 17 2 4 6 8 10 12 14 16
Feldspar (%) Carbonates (%)

Fig. S8. Plots showing the relationship of mineral compositions with total pore
volume for the studied Qingshankou shales. (a) Total clays, (b) Quartz, (c) Feldspar,
and (d) Carbonates.



Table S1. General mineralogical, geochemical and neutron scattering length density (SLD) properties of the Qingshankou samples used in this
study.

Quantitative analysis of whole-rock minerals (wt.%)
Sample Depth (m) TOC (Wt.%) R, (%) SLD (x10'° cm™)
Clays Quartz K-feldspar Plagioclase Calcite Dolomite Pyrite

A 1,067.19  38.7 32.8 0.9 11.6 0.0 13.6 24 3.48 0.58 4.03
B 1,625.93  33.7 33.9 0.7 15.1 0.1 11.2 53 3.88 0.73 4.01
C 2,315.42 237 39.2 0.0 16.5 9.8 7.8 3.0 1.76 0.86 4.02
D 2,038.37  36.0 39.2 0.0 16.5 2.1 24 3.8 5.13 0.98 4.07
E 2,459.50  36.7 34.9 0.0 16.9 0.0 6.5 5.0 3.78 1.32 4.09
F 2,347.28  36.4 39.2 0.0 15.1 3.0 0.0 6.3 3.58 1.52 4.11




Table S2. Pore structure parameters of micropore, mesopore, macropore and fracture by

(U)SANS techniques.

Micropores Mesopores Macropores Fractures

Sample  Porosity = SSA  Porosity = SSA  Porosity = SSA  Porosity = SSA
(%) (m’/g) (%0) (m’/g) (%) (m’/g) (%)  (mg)

A 2.37 12.14 1.10 4.76 1.83 3.26 2.11 2.57
B 2.41 10.62 0.84 5.22 2.04 3.21 1.94 2.03
C 2.76 10.26 0.75 3.61 2.29 1.84 1.82 1.68
D 1.34 15.13 0.49 4.24 1.33 3.11 0.99 1.55
E 1.58 13.97 0.49 3.21 1.35 3.85 1.19 0.95
F 2.04 18.31 0.67 4.87 1.45 3.31 1.35 0.44

*SSA = Specific surface area.



