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Fig.1 Location of study area and stratigraphic column

(a) structural map of Bohai Bay Basin and location of Bonan Sag (box); (b) structural diagram of Bonan Sag and location of core well

(box); (c) stratigraphic column of study area 2
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2) , HIEAXS D HON 27.8%~52.7%, TN 45%; JaE X HEDHON 24.7%~51.9%,
3K 36.7% BTV — Bl UUARER 5 h B s v HLA A e, BRI AT 7R (¥ KT
CAMHE KR 3RAS, TAS 75 B4R S5 W VA i, AT S b s A (K T R B, 3 38Ut 9t
XA & BRI RIS B T2 BN SEAI A 1R IR RE R, SR A i R RD K, R el
PRIA A, BREERRUE, RS Aa e, Fi, P—BREEBENR, hEREE
JEAME T RSB R AR . REIRRE S R BRSO AT, A S DX R L A R U
B, EERANT 1.9%~39.3%, TN 20.9%.

*1 #EERY—RERT MERE

Table 1 Whole-rock mineral composition of Es' member, Bonan Depression

XA AKX #KA  BKAE  EBRKT  SBEzA B=A HRA HBHE HLIEE
0~31.9 1.9~39.3 0~6.9 0~22.6 0~22.2 0~94.5 08949 0~71.3 0~7.2 0~73.0
4.6 20.9 1.2 1.6 2.2 12.0 510 203 1.5 30.8

*2 HEERY—BRF L ERR

Table 2 Clay mineral composition of Es' member of Bonan Sag

FIRER FHlA KRR
27.8~52.7 249519 9.1~31.1
45.0 36.7 18.2

AR S 56 45 R B I e B YD — BOR MW R BE R, 36 BUE A R IR 28 TOC A T
0.35%~7.6%, “FIMEN 3.56%. AHUFREESF, LLT RAIL B8 F . RIS A BB B
JEAR, BBk SO A T0,84%~0.5% 0 Tmax EEFAGLE 430 'C~445 °C, - WIHIRAR
edE S EEAAE 1<3anghe) Si+S: EENAILE 10~50 mg/g. SEkME, W—BiRERA
BUORIERRRE S, AR RYE A A HLHIRAL A4R bR 22 R AUK
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Fig.2 Feldspar-quartz lamina

(a-c) SEM micrographs; (d) energy spectrum an i ntent
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Fig.3 Clay mineral lami
(a) single polarizing light micrograph; (b) SEM micrograph; (c) energy spectrum mi€ro ; (d) energy spectrum and main element
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Fig.4 Aragonite lamina

(a) single polarizing light micrograph; (b) SEM micrograph; (c) energy spectrum micrograph; (d) energy spectrum and main element
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Fig.5 Micrite calcite lamina
(a) single polarizing light micrograph; (b) SEM micrograph; (c) energy spectrum micrograph; (d) energy spectrum and main element
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Fig.6 Organic-rich lamina
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Fig.7 Imagesrof different lamina combinations under single polarized light
(a, d) organic-rich + micrite calcite lamina-eore,photograph and SP micrograph; (b, e) organic-rich + aragonite lamina core photograph

and SP micrograph; (c, ) organic/rich 4 feldspar-quartz lamina core photograph and SP micrograph
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D) B AU S 5 A BT — e SR AL Ve A it B 2 (R AR AE

GRBEMILRMEZ AL, (B Az Al (B 8a) KR T YA
Al (B 8b) ; MMFLRB EZATIMAR. (&) [l (EN8e\ MR LA Ml 4rss: HEAE
BN G SN A HE R aE . G F 28 R T FE R AR EE B NNL3S m?/g,  ARER BT o LI DS,
PR FLARFRCN 0.000 4 cm?/g; A LFI R HGRITA N 1.13 m¥g, “FIaFL4EF 8 0.003
em¥/g (£ 3) o ZRBHEANRELE, 5 RIGEEE. HZHOREER A HER G 1 PR A L
AU TR, A 353 75 A 45 RS Rl LR R 0 VI AR S WA MUTT 703, A B A
AP .

2) “EBANF+CH B — e 8= A & e s 5 7 (A Rk
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BAF o
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2RV E WAL AT B Al fL (& 8D , AHLBISL (B 8D  Fita ¥kifalfl (&l 8g)
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FREEHI N 3.77 m¥g, “FEEFLAEF N 0.000 9 cm¥/g; i FLFH Bt EER AN 1.32 mYg,
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() BRAZAGEL; () B Al (o FEamEdl; (D AR ZRERRLL; (o) EMmEIRAEL;
) BB HMAL: (@) FiLy &R (b FREREERRL; G AHURAL
Fig:8 € types
(a) frrodolomite intercrystalline; (b) (ferro) dolomite dissol‘ution; (), cdlcite intercrystalline; (d) extensive development of intergranular
pores in aragonite lamina; (e) bioclastic primary; (f) pyrite intércrystalline; (g) clay mineral intergranular; (h) terrigenous clastic
intergranular; (i) organic pores
%%3' EEiER — RN ESURE RS FLRGETFIE

Table 3 Pore structures okqmdstone with different laminated assemblages, Es' member, Bonan Sag

N
DFT ?%fk T \—"BJH R LR H SALAR (1,101 nm BIH &SALIAEFR TFHALER
QEME :
(0.367~1.101 n (1.7~300 nm) <) (1.7~300 nm) (nm)
& A HUR LR 2.548 0 m%/g 1.354 7 m?/g 0.000 78 cm*/g 0.003 965 cm®/g 11.708 3 nm
B A B R 3.561 0 m¥g 1.399 1 m¥g 0.001 22 cm?/g 0.003 578 m?/g 10.229 2 nm
B A B R 2.305 4 m¥g 1.196 4 m%/g 0.000 75 cm?/g 0.004 394 m?/g 14.691 7 nm
A LRI 5 iR
2.029 7 m¥/g 1.857 8 m?/g 0.000 61 cm?/g 0.004 636 m?/g 9.982 8 nm
il
B A LRI 5 iR
1.578 2 m/g 1.124 0 m?/g 0.000 44 cm?/g 0.003 237 m?/g 11.518 9 nm
il
A LRI 5 iR
0.430 4 m¥/g 0.423 1 m?/g 0.000 13 cm?/g 0.002 023 m?/g 19.121 7 nm
il
B AR SR R 0.405 2 m¥g 0.184 4 m%/g 0.000 12 cm?/g 0.001 112 m*/g 24.117 1 nm
B AR SR R 1.899 6 m¥/g 0.953 3 m¥g 0.000 60 cm?/g 0.003 817 m?/g 16.017 2 nm
B AR R 2.519 6 m¥g 1.807 5 m%g 0.000 78 cm?/g 0.003 437 m?/g 7.606 9 nm

4 GQURIEEED LRI T
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Fig.9 Porosity vs. mineral composition
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Fig.10 Low-temperature gas adsorption curves for binary laminated mudstones with different lamina

combinations at different depths
(a) N2 curves for organic-rich + feldspar-quartz; (b) CO; curves for organic-rich + feldspar-quartz; (c) N2 curves for organic-rich + micrite
calcite; (d) COz curves for organic-rich + micrite calcite; (e) N2 curves for organic-rich + aragonite; (f) CO2 curves for organic-rich +

aragonite
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Fig.11 Variation in volume fraction of adsorbed oil and free oil with pore diameter in different shaped
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Fig.12 Presence of organic
(a) free oil enriched in interlayer fractures; (b) shale oil adsorbed in mineral pores; (c) shale oil adsorbed in the intergranular pores of

terrigenous clastics and clay minerals; (d) shale oil adsorbed in clay mineral intercrystalline pores

B 13 ARGUZAETIEER
() “EHHFHCAR” R A& IS TUAMAE A IURGUR B RIE SRR (0 “HANRSCRR” =
B A BRI (o) “RHHLFR IR IR I e EUR LA e T AE B LR SUR i IR AT 20
T (@ “EAHURKIER = TC U A V85 TUA 2 B A 77

Fig.13 Fluorescence displayed by different lamina combinations
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(a) isolated shale oil in organic-rich + aragonite binary lamina in organic-rich stratified mudstone; (b) reflected light micrographs of
organic-rich + aragonite mudstone assemblage at (b) location; (c) shale oil in organic-rich + micrite calcite lamina adsorbed in

organic-rich stratum; (d) shale oil adsorbed in organic-rich + feldspar-quartz lamina
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Fig.15 Occurrence patterns of shale oil in different m'\nﬁ‘combinations

(a) organic-rich + aragonite combination; (b) organic-rich + micrite calcite combination; (&) organic-rich + feldspar-quartz combination
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Lacustrine Organic-rich Black Mudstone Laminated Facies
and its Reservoir Significance: A case study of the Shahejie
Formation mudstone in the Jiyang Depression

DONG JiKai'?, DONG ChunMei'?, LIN ChengYan'?, ZHAOZiRu'?, ZHENG XinRu', LIU
LianQi?, NIE Cong?®, LIU Bin?
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Abstract: [Objective] China possesses abundant terrestrial shale oil resources with significant potential for
exploration. Now, substantial breakthroughs have beeh, made in the exploration and development of shale oil in the
Shahejie Formation (Es') in Jiyang Depression, but there are still some problems to be solved in the differences of
reservoir properties among black mudstones of different lithofacies. [Methods] This study focused on the black
mudstone of the Shahejie Formation in the Jiyang Depression, southern Bohai Bay Basin. The laminated strata
types and combinations, pore-typestand structures were examined by XRD, rock pyrolysis, fluorescence analysis,
SEM and low-temperature gas adsotption. [Results and Discussions] Five distinctive categories of mineral types
were identified: feldspar-quartz lamina, clay mineral-rich lamina, aragonite lamina, micritic calcite-dominated
lamina, and organic-rich lamina. Their vertical stacking occurs in three binary layer combinations: organic-rich +
micritic calcite, organic-rich + aragonite, and organic-rich + feldspar-quartz. The porosities of the organic-rich +
aragonite and organic-rich + feldspar-quartz binary lamina combination mudstones are higher than the other
combinations, and possess better pore structure and connectivity. In the organic-rich + aragonite combination,
shale oil is present in a free state within interlayer spaces, and is the most mobile. The mobility of the free oil and
adsorbed oil in the organic-rich + aragonite mudstone is poorer. The lowest-mobility oil occurs mainly as adsorbed
material in the organic-rich + feldspar-quartz combination mudstone. [Conclusions] The different strata
combinations in the mudstone structure influence the porosity, pore structure and hydrocarbon storage capacity of
these black mudstones. Based on the findings of this study, shale oil reservoir storage models were developed for
each combination to provide a rational foundation for the future extraction of shale oil and gas in the region.

Key words: mudstone; lamina type and combination; reservoir properties; occurrence pattern; Bohai Bay Basin
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