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Fig.1 Study on physical properties and hydrocarbon accumulation of stratified fine-grained sedimentary rock
reservoir cluster analysis, keyword hotspots, and time atlas

(a) laminated cluster analysis chart for 2012-2017; (b) laminar keyword hot spot map for 2012-2017; (c) laminar cluster analysis diagram

for 2012-2022; (d) laminar keyword hotspot map for 2012-2022; (e) laminar time map for 2012-2017; (f) laminar time map for
2012-2022
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Fig.2 Laminar polarizer map in different areas (modified from references [3,18])

(a) superimposed felsic laminae and clay laminae and (b) carbonate-felsic clay ternary laminar structure from the Second member of
Kongdian Formation, Cangdong Sag, Bohai Bay Basin; (c) complex erosional deformation laminae of the Paleogene strata in Dongying
Sag, Bohai Bay Basin, segment A is the fold formation of the laminae, segment B is formed by the laminae overturning, segment C is at
the top of the erosion by the truncated, segment D is the horizontal overturning deformation bedding, segment E is the newly deposited
thin laminae
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Table 1 Porosity, pore type, and species or petrofacies relationship of laminae fine-grained rocks in
different basins
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Fig.3 Different types of pores in scanning electron electron microscope images (modified from references
[22,28])

(a) corrosion hole of shale layer in the Second member of the Kongdian Formation, Cangdong Sag, 3 077.01 m; (b) intergranular pore of
shale layer in the Second member of the Kongdian Formation, Cangdong Depression, 3 394.61 m; (c) intercrystalline dolomite pores of
the Permian Lucaogou Formation, Malang Sag, Santanghu Basin, are partially filled with authentically produced quartz; (d) organic pores
of the Permian Lucaogou Formation in Malang Sag, Santanghu Basin

R TE) LR BN I8 KA SR IR TS RORLAR R/ 22 S HE ST R B A% 22 1) SLBR (&
3b), KEAT 10~30 um, S AU 2 F4R 12426351, Y7 o7 1 A1 ok i 2 ) T S/ ) T3 139 R 0310,
FER IR ARSI R . UK AE 758, MITRLIE T ARt Bls R A SLBR I T202). Bir
LI 15 00 T KSR S0 A FLIG AN P e L2300, Bl Un AERA T A7 1L T A 3 R
JRBUZ IR T KL A FLF 15 o5 He AT BLIK 3] 80%0201, T Ve i il 802 &l h 4024552 IR 9 Ak
FHWLS, KL IR] FLBRAR XS AN A 712426,

Al LS B AR E B b BRIR R SR Y 0 R A e (R TR ) FLBRE (B 3e) . 2
B Z AR, FLRSMAY, RENT 2~13umP28L, (R HS0Z N f B LT fe s H T
AR Mg BUR Ca? i R B K kg AR D AT s 28 IR SRR, i = A A
ARG /N s AR A AR RLSL AT AT B AR R BTUTIEAR T ;. 7 WA S0z A s ) S LR Jasal 1
R B BT e A AR RS, R GURAE R SE R 5 5 R IENEARTY, BRAESE A AL
BRI R I RCE AR T, JZ RIBOK AW Ca?t. Mg LR N gk, kT 7
JEJIT AR B T FB 2> oK i 18] L CHLBR VE 2y 0.5~8 pm) GO, B Ji 40 vh e 2 LR
YL o

R Gl LN YIRURL. CRa iR BRI FLER, fLde BU LR gk B LK 8 3, R
WAL EERE T KA A I DL BRIR H BRI, A L2 A8 & s S8k slve #h iR £
(IR 45470 e P A 2361,

AR AR VLR E AL RE T, I RBCSIE ISR A /2 J5 , 2T HLIsT A B
G R TR AL B 3dD 5 fLAR T AR 2% B ROR U728, A5 LB A2 SUZ Fr 41 b 2 70 B
WERGUZAR > A 20330, oy T AFEEAR 51 A B A WU &L, 11 3T IR 25 K B LS A 4L
AHGALNT, AT HUBRSL A2 AR TUA BIPL 55 FLIRL =, EAR A AT BB AR AL R B I i A1
HIREA R ZA LI . B BB 55 R R | (1730371,

3.1.2 SR RmA AR S B R 1 R AV RO,

o)z A1sE (18 4a) SEIRTEENR B ME I NI IsSUZ R B KIRZ 48, BA TR/
UK BLHORAREE) - EMEEEEE . — AV FRRL. & [ ETKE 77 11 (RHE,
NI $5 i SUZIRGIRL S R 7072 1 38 2238, (SR 2 B I LS i SUR R TR » 2N
HE LR BR I, > 4k BOR A B 2 T B D520 . B R I AUZ IR R4 R Ak Ia 1 1Y
HRERARE . AR B YD =BT A SURFIRD B SUZ Fr 5 A R A 8 S0 8] 5 48 A v £
FETT o IESE, S a R T EIRAEM, NI 2 B8 0 K SR AE L RE /1230,

HyiggE (B 4b) fEa AERIE N /E T N BRI 7 AL g BT, SR A R B L
ARV, MFENT N 2R AR BAE R G NI S0, HIF AN R E AR A o A
Gz, WS EEEIER R T 2 ROUR, R RREFMILIA R, NJE ik
S LI A2 iHIE B 7304,

SH 4 (B 4c) BRIAITRIESE. AHURAERE R &0 WK EER, &
MR S BUESUR TR, DRIl AL SRR, (B AR X0 BAAITRER.
Eﬁ

AHLBIEE (B 4d) FERBAEANE R Loty Moz fiEaaa 2, R T #HaE
Wt R AL HERE T 2 A SRR, RIS LR 2t — B i ey il %,



UL R

PrRH LA ), — TR AR 1 uml737, GUZ A LT A A B BEAMN AT % ok
il AF I T R E TR E AU LA, IF HISH BA MU AN RS e IE AT TR IR PR B8, A
7 9080 i J 2 B TR s PO JR 54

T ST TR 4 2T

K4 ANFEISSIIZAER (3 SCHR[23,27,33,3 711880

() K gkle— 1'REIZEE: (b)) WIFTUA 2 24 TR 3G e (o) WRREMIPG D =B RIEBCR 7 LR 4E;
(d) AL EIE — B HUR g

Fig.4 Laminar map in different areas (modified from references [23,27,33,37])

(a) Outcrop Dragon, Shuanghe, Changning 1' bedding seam; (b) multiple irregularly extended structural microfractures in felsic shale; (c)
abnormal pressure fracture in the lower submember of the Third member of the Shahejie Formation in Shulu sag; (d) organic shrinkage
fractures in the First member of the Qingshan Formation, Songliao Basin
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Fig.5 Laminar polarizer map in different areas (modified from references [3,50])

(a) the light-colored layer of the upper member of the Fourth member of the Shahejie Formation in Dongying Sag is calcite layer, and
recrystallized granular calcite is found at the bottom; The dark layer is clay and organic matter. (b) the shale of the Chang 7 member of
Ordos Basin has horizontal laminae of "clay and organic matter," with dark color for organic matter and brown for clay material; (c) tuff
laminar cores in the southern Ordos Basin
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Table 2 Total organic carbon (TOC) content, thermal evolution degree, and relationship between varve
type and lithofacies in different basins
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Fig.6 Ideal model diagram of hydrocarbon accumulation in lacustrine varves (after references [24,26,65])
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Abstract: [Objective] Strong heterogeneity is the main feature of continental shale strata. Its characteristics are
caused by the fact that the sedimentary environment of lacustrine fine grained rocks is close to the source area and
the water depth is shallow, which is clearly controlled by hydrodynamic, climatic, structural, bioturbation, and
other factors. In particular, the vertical composition, morphology, and structure of laminated fine-grained
sedimentary rocks can exhibit significant differences at‘the millimeter scale. According to published literature
statistics and analysis of previous research results, the reservoir physical properties and hydrocarbon accumulation
ability of laminated fine-grained rocks are superior to the undeveloped/weakly developed laminated fine-grained
rocks, exhibiting an excellent positive correlation with the development degree as well. However, the summary of
relevant differences is still unclear and needs to be‘revealed. [Methods] Focusing on the relevant literature from
the past ten years, the types and genesis of pores and fractures of laminated fine-grained sedimentary rocks were
reviewed, the laminae sequence was divided into sandy and muddy laminae sequences, and the reservoir physical
properties and hydrocarbon accumulation characteristics and mechanism of different. laminae sequences were
described. [Conclusions and Prospects] The laminae structure has three advantages, frequent vertical change of
material composition, abnormal development of internal‘micro-fractures, and concentrated distribution of organic
matter in the laminae structure, further improving the ability of hydrocarbon accumulation on the basis of
fine-grained sedimentary rocks. Five main controlling factors are summarized: laminae composition; laminae
continuity; laminae sequence; abundance of organic matter; degree of thermal evolution of organic matter. In the
future, it is necessary to combine the inorganic genetic mechanism of lamellar fine grained rock with the organic
evolution model and establish the corresponding relationship between micro-lamellar types and combinations and
the evaluation of macro-oil and gas sweet spots and high-quality reservoirs.

Key words: varve; fine-grained deposition rock; reservoir physical property; hydrocarbon enrichment; shale
reservoir
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