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Abstract: The shale of the upper 4" member of Shahejie Formation in the Dongying Sag, Bohai Bay Basin (Es'") is
studied to clarify the characteristics of shale laminae and their influence on reservoir properties through organic matter
analysis, thin section observation, scanning electron microscopy (SEM) observation, high pressure mercury intrusion
experiment and low-temperature nitrogen adsorption (LTNA). The results will be of a theoretical basis to shale oil
exploration and development. This shale interval (Es*") can be divided into four lamina units different in composition
and pore feature, and consequently seven types of lamina assemblages are concluded. The assemblage of granular
calcite lamina, mixed lamina and organic lamina is of the best reservoir capacity in this interval with well-developed
nano- and micro- pores. lts nano-pores are mainly composed of clay-mineral intergranular pores in the mixed lamina and
constricted fissures of organic matters in the granular calcite lamina; while the micro-pores are mainly composed of
micro-cracks in the mixed lamina and at the boundary of the granular calcite lamina. The assemblage of micrite calcite

lamina and organic lamina ranks second in terms of reservoir property. lts nano-pores are dominated by rigid mineral
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intergranular pores in the micrite calcite lamina, and the micro-pores by the micro-cracks formed on inter-lamina weak

surfaces. Under the effect of burial compaction, clay mineral transformation, calcite recrystallization and organic acid

dissolution, the lamina assemblages are different in reservoir properties.
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Fig. 1

Composite stratigraphic column and sedimentary facies of the Shahejie Formation in the Dongying Sag, Bohai Bay Basin
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Fig. 4 Microscopic composition characteristics of lamina units in the Es*" shale in Well NY1, Dongying Sag
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Table 1 Experimental results of high pressure mercury intrusion experiment in the Es*" shale in Well NY1, Dongying Sag

R /m LR A pyl(grem™)  py/(grem™) D% Vap/(mLeg™)  Dyymm  Sqp/(m*g™)
3 344. 60 2.51 2.58 2.44 0.009 7 6.97 5.57
3383.20 ) o ) 2.49 2.56 2.65 0.0106 8.30 5.13

Ve st i SUZHIR A 802
3 404. 60 2.37 2.51 5.43 0.0229 7. 40 12. 40
3431.83 2.49 2.65 6.28 0.0253 6.67 15.20
3377.10 2.40 2.63 8.93 0.0373 9.88 15.10
3420. 63 ) 3. 44 2.65 7. 86 0.0322 15.30 8.39
TSI A SR+ A PR SR
3434.83 2.46 2.63 6.23 0.0253 15.10 6.71
3 440. 13 2.45 2.62 6.71 0.027 4 15.10 7.27
3 366. 60 2.45 2.52 2.64 0.0107 6.87 6.26
3348.56 i 2.48 2.55 3.01 0.012 1 7.06 6.88
Ve hh 7 A B2+
3409. 40 ‘ ) ) 2.45 2.58 5.12 0.0209 13. 80 6.05
RESZ+AILURSZE
3410. 40 2.44 2.58 5.38 0.022'1 10.70 8.27
3431.43 2.44 2.56 4.69 0.0192 7.29 10. 60
3371.71 2.52 2.60 2.85 0.0113 10. 10 4.47
3375.50 2.53 2.64 4.29 0.0170 6. 80 9.97
3410. 80 R T A SZ+A s A 82 2.22 2.51 11. 60 0.0523 15.90 13.20
3415.14 2.57 2.67 3.83 0.0149 13. 60 4.41
3442.85 2.43 2.56 5.14 0.0212 11. 70 7.22
3437.03 FURTMAOSEHRESEE 2.49 2. 60 4.34 0.017 4 13.90 5.04
3459.50 RO LEHRE SRR 2.12 2.52 16.0 0.075 6 27.30 11. 10
3437.43 YRR ITIA SRR ST A SR+ 2.66 2.75 3.13 0.0117 14.20 3.31
3437.53 RELZ 2.36 2.58 8.32 0.0352 42. 60 3.30

TE oy R 30 gy R0 B A0 1L 5 O S PRS2 ) FLIRLIEE 5 Vo SR SR
mL/g; A A SAFLITRL, m?) AR E S oy RS2 A FLIR L L.
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Fig. 6 Mercury injection and withdrawal curves of the Es*" shale in Well NY1, Dongying Sag
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Fig. 7 Low-temperature nitrogen adsorption-desorption curves of the Es*" shale in Well NY 1, Dongying Sag
a. PRI AT BUZHRELUZ b, Pedh i i BUZ+ AU se. WA IT it BURHR G BUZ+AHUREUZ  d. RS T RO LU+ B2 e, £F
AR Ty AT BUZHR A BUZ . ALK DT A1 BUZHR B BUB A ILEUZ s g SFURIRIT A BUZ Rt 5 A BUZHR G802



%2 Mr 45,55 . i 2 AR S TMTRA AR & A DL DU SUZFHIE FE R PR g 319
0.0010 0.0010 |
~ 7% 343183 m a ~—HI7R 3 438.13 m b
o —HPE 3420.63 m
. 0D0gs [ ~HERIA0A60m _ 00008 |
_?D 790
— —
E 00006 | E 00006 |
. % A
= 00004 | = 00004 | \ / \f\j\j\
= = - ‘1\%
00002 | 00002 t
0 Lo ' oL : :
1 10 100 1 10 100
LI E % /nm LB B2 /nm
0.0010 [ 0.0010 [ ]
~— 7 343143 m ¢ ~ 175 3 442.85 m d
— HEE 334856 m -~ HE 3 410.80 m
00008 | 00008 |
_?D Tt?l)
— -
E 00006 | E 00006 |
5 z
= 00004 | = 00004 |
= =
00002 | 0.0002 |
0= - L 0 Loooo L L
1 10 100 1 10 100
LB E % /nm LB E % /nm
0.0010 0.0010 .
4975 3437.03 m e .
HETR 348220 m RS 4200
00008 | 00008 |
T?D T‘c‘)
— -
E 00006 | E 00006 |
= 00004 | = 00004 |
= =
00002 | IV VYV, 0.0002 |
o L M 0 i i
1 10 100 1 10 100
FLBR B 4%/nm LB B2 /nm
0.0010 [
~$7% 3437.53 m g
% 3437.43
_oooos | HA "
)
—
E 00006 |
gﬂ
= 00004 |
=
00002 |
5 Alssna ‘ ‘
1 10 100

&8

LI % /nm

ARE MTRE NY 1H0 DU b MY B 5 (Rt 28 IR B 484 il 2k
Fig. 8 Low-temperature nitrogen adsorption increment curves of the Es*" shale in Well NY1, Dongying Sag
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Fig.9 Mercury injection increment curves of the Es*" shale in Well NY 1, Dongying Sag
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