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Fig. 2 Lithological triangle map of the Chang-7 Member

tight sandstone reservoir in Heshui area, Ordos Basin
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arkose; VI—lithic arkose; VI—feldspathic litharenite; VII—

litharenite
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Fig. 3 Physical property distribution characteristics of gravity flow tight sandstone reservoir in Heshui area, Ordos Basin
(a) SERALBE D AFIER ; (b) fHEE BRIV (o) LBE 5B BRI

(a) Histogram of reservoir porosity distribution; (b) histogram of reservoir permeability distribution;

(¢) intersection diagram of porosity and permeability
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Fig. 4 Pore types and characteristics of gravity flow tight sandstone in Heshui area, Ordos Basin
(a) BRAVKIAIAL, T 223 IF 1< 7 B2, 1451. 25 m; (b) BT Z2 WK ALRVRL IR AL, T 223 9, 1< 7 82,1451, 25 m; (o) KA A AR v ™
AEALBR, IE 40 JF, 1K 7 B, 1476.78 m; (d) #WMALEE, 5 205 I, K 7 B, 1645.20 m; (e) KA &A™ EFLE, & 23 I8, K 7 B,
1645. 20 m; () ArE]RIE A GHR A AF R LTS IULIR, T° 46 3, 1K 7 B, 2042.39 m; (g) PHRIA FEEOR EIFLER, T 223 3, K 7 B,
1442.75 my (h) SR AT EL5 A SRARFRIIFLP SR A A A0, 1E 40 K 7 B, 1461.5 my (i) 4%, SR 23 98, K 7 BE,1672.03 m
(a) Residual intergranular pore, the Well Ning-223, Chang-7 Member, 1451.25 m; (b) intergranular pores and intragranular pores, the Well
Ning-223, Chang-7 Mm. , 1451.25 m; (c) feldspar corrosion produces pores, the Well Zheng-40, Chang-7 Mm. , 1476.78 m; (d) corrosion hole
development, the Well Le-205, Chang-7 Mm. , 1645.20 m; (e) dissolution pore of feldspar, the Well Le-23, Chang-7 Mm. , 1645.20 m; (f)

intergranular kaolinite, illite and other clay minerals filling pores, the Well Ning-46, Chang-7 Mm. , 2042.39 m; (g) illite filling intergranular

pores, the Well Ning-223, Chang-7 Mm. , 1442.75 m; (h) albite recrystallization, residual intergranular pores filled with autogenous quartz, the

Well Zheng-40, Chang-7Mm. , 1461.5 m; (i) microfracture, the Well Le-23, Chang-7 Mm. ,

1672.03 m



% 6 ]

PR SR A UBURIBC AV FH X A 2 U 08 b o 2 o ) 2 ) 2415

HXHif 2 G RE ) BA 50 m (8] 4f—h) , %
R s B PR X R B > g (] 44)
AT DUA SO i 2 198 3 3 e i 2 1B e
77, B E R AP S Ia A
2.4 BE1EREBRRFE
2.4.1 EXLEH

JESAE SR IR DL R s A e DR R il
T BRI BOVE IS 2215 R B0 1) 1 72 (SR FF
ZE5F,2021) , MR T L] LUK B, )2 R
Y oS R BB 247 5 [ —2F 2 1)
HEFEaH (1] 5a) , ks 2 18] B H Ml OC 2R DA HE il
F, D DL A (18] Sb) A dE A S NI ORE TR
JESER T L&A (K 5¢.d) , BEHHE S e A A
B BE ROk e Bz AR IR I i R ) = BE
JETF, 505 O S i A8 02 (I 55) o I B0RE 1)
4 IRPESE TS RS A R ZN AR Y 3R K b X
1 7 Befith)z 3% A G A b
2.4.2 RRE1ER

HKHLIX K 7 BUE i BURE A2 IR A5 AR
FHAE R 9REN , F 2 ARGk B4 kR R e 45 A+

{R7)) e

(1) BEFTCES . fE TS E 2RI A A A 0
OTh FEEORLIA] FLBE A A e RIS, BT DX A
RSS2 oA ER S AR, S A
0. 5% ~4. 3% , "l g2 i TR A # A F
LV B0 DA e ol A L P B 05 78 e, ik T e
SRS, AAEAYERIRE Sk R S
LY — BB ALB R (8] 6a—c) o BRI
JEe& o B 1 FLBR 2 (], FLBR AR /N W AR
TE—EREE AR T2 A FLBREE  (H )2 i T4 3
Je WIPERURE , U SERE 158 , PRI ST AR JA 52 14 bl
i e P HRAEN AR 2 S DT PR3P S A AL

(2) BRIRERIE, . KA I A KR 0 2
(] A EL T AL S R PR R IR 4 HR L 1 58 12 (1SS i
FA R B A P (LI AR, 2024 ) , Gl ad T 7
A BRI A S n] 1, 5K XK 7 B g
B2 MW R IR R E , B A2,
i RIS 445y 1 Jir A AR i) L RN A W b AL B,
TEEEMEZ YL RA W B, b Ty
fifp A7 I 5 B OR8] 52 JEC 25 ) 7=t o ] L

K 5 SRR A A /K M XA 7 BB b A it 2 SR B T AR
Fig. 5 Compaction micro characteristics of tight sandstone reservoirs of the Chang-7 Member in Heshui area, Ordos Basin
(a) BERSERAS], T 223 I, 4K 7 B, 1443.75 m; (b) m3 SRR MY 42, 77 223 JF, K 7 B, 1443.75 m; (o) 53 S A, T 223 IF,
K7 BE,1483. 18 m; (d) AFWORIRL S, 72 223 HF 1K 7 B, 1442.75 m; (e) WORIBE 24 BEFE L, 4R 206 1< 7 B, 1376.5 m; () =REZS 28

JE, 5% 206 H, K 7 B ,1377.2 m

(a) Directional arrangement of debris, the Well Ning-223, Chang-7 Mm. , 1443.75 m; (b) point, line contact, and concave—convex contact, the

Well Ning-223, Chang-7 Mm. , 1443.75 m; (c) point line contact, the Well Ning-223, Chang-7 Mm. , 1483. 18 m; (d) quartz particle rupture,

the Well Ning-223, Chang-7 Mm. , 1442.75 m; (e) particle rupture filled, the Well Le-206, Chang-7 Mm. ,

deformation, the Well Le-206, Chang-7 Mm. , 1377.2 m

1376.5 m; (f) mica bending
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Fig. 6 Micro characteristics of siliceous and carbonate cementation in gravity flow tight sandstone reservoirs of
the Chang-7 Member in Heshui area, Ordos Basin

(a) ATEASFESULE, T 223 I, 4K 7 B, 1451.65 m; (b) FAISEUAEIR, 4K 206 HF, K 7 B, 1377.2 m; (o) AZEWRAENMRREIEIFAE, /R
206 -, 7 B, 1377.2 m; (d) BRIRERIREE R, 77223 JF, K 7 B, 1451, 65 m; (e) BRIRILIRSS D RAE , 7223 JF, K 7 B, 1482. 3 m; (f)
ST RGBT REE, HE 164, 0K 7 B, 1695. 42 m; (g) BRI MRABE AR, HE 164, 1K 7 B8,1707. 34 m; (h) KA ZA 50T HRHE, 7 223
KT B 14818 my (1) FERH A REIARAE, T 223 H, K 7 BL,1481.8 m

(a) Automorphic quartz filling pores, the Well Ning-223, Chang-7 Mm. ,1451. 65 m; (b) quartz secondary enlargement, the Well Le-206, Chang-
7 Mm. ,1377.2 m; (c¢) quartz secondary enlargement, energy spectrum characteristics, the Well Le-206, Chang-7 Mm. ,1377.2 m; (d) carbonate
cementation development, the Well Ning-223, Chang-7 Mm. ,1451. 65 m; (e) carbonate cementation not developed, the Well Ning-223, Chang-7
Mm. , 1482. 3 m; (f) ferrous calcite microscopic characteristics, the Well Zhuang-164, Chang-7 Mm. ,1695.42 m; (g) ferrous calcite microscopic
characteristics, the Well Zhuang-164, Chang-7 Mm. ,1707.34 m; (h) ferrous dolomite microscopic characteristics, the Well Ning-223, Chang-7
Mm. ,1481.8 m; (i) ferrous dolomite energy spectrum characteristics, the Well Ning-223, Chang-7 Mm. ,1481. 8 m
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Fig. 7 Relative content of clay minerals in each small

layer of the Chang-7 Member in Heshui Area
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Fig. 8 Micro characteristics of clay minerals in the Chang-7 Mm. gravity flow tight sandstone reservoir in Heshui area

(a) KL[ANEFLH TR R RPVRIA  FE 226 1,4 7 B, 1701.79 m; (b) ki fa] 24 3635 plu i A R, 3R AN iR FL 7S 30, 1 226 I, K 7 B,
1701. 34 m; (c) SRBA T WFRBLIR, 1E 40 K 7 B, 1381.2 m; (d) SRIBABEHIET R0, M 4 I, K 7 B, 1837.04 m; (e) HE
] KPR RSERERT, T 46 I, 7 Bt ,2037. 02 m; (f) KLERIA IR A RE , T 46 I, K 7 Bt ,2042.39 m

(a) Intergranular dissolved pores filled with flaky illite clay, the Well Zhuang-226, Chang-7 Mm. , 1701.79 m; (b) intergranular matrix dissolved
altered illite, residual dissolved pores filled, the Well Zhuang-226, Chang-7 Mm. , 1701.34 m; (c) chlorite clay mineral filled pores, the Well
Zheng-40, Chang-7 Mm. , 1381.2 m; (d) chlorite film attached to mineral surface, the Well Ban-4, Chang-7 Mm., 1837.04 m; (e)

intergranular and granular surface illite and illite—mica mixed layer development, the Well Ning-46, Chang-7 Mm. , 2037. 02 m; (f) intergranular
illite and kaolinite development, the Well Ning-46, Chang-7 Mm. , 2042. 39 m
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Fig. 9 Influence of sedimentation on the quality of gravity flow tight sandstone reservoir in the Chang-7 Member in Heshui area
(a) Sy FMHALRMIER; (b) Sy FIBREMKER ; (c) S, FBBEBRMIKER; (d) BASFESEALEM IR (o) RARFIE S LBEER
KF () B TFHESBERMRR; () BHREESHARNRR; (h) DEREESABENXER; () DEREZSBERIER

(a) Relationship between S, and surface porosity; (b) relationship between S and porosity; (c¢) relationship between S and permeability; (d)

relationship between average particle size and surface porosity; (e) relationship between average particle size and porosity; (f) relationship between

average particle size and permeability; (g) relationship between sand body thickness and surface porosity; (h) relationship between sand body

thickness and porosity; (i) relationship between sand body thickness and permeability
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Fig. 10 Influence of compaction and cementation

on reservoir porosity ( Ehrenberg, 1989, 1995)
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Fig. 11 Influence of cementation on the quality of gravity flow tight sandstone reservoir in the Chang-7 Member in Heshui area
(a) BHRIA & —fLBREE ; (b) PHRIA & E—BER; (o) PR ASE—mAZE; (d) SRATE—ILBE; (o) AT E—BEE;
(f) &R A& E—TfLE; () MSAER—fLBEL; (h) MR A&E—BER, (i) Mo &E—mLE; () PERESE—LR

5 () PSR RSB (1) PrSRIR A R

(a) Illite content—porosity; (b) illite content—permeability; (c) illite content—facial rate; (d) chlorite content—porosity; (e) chlorite

content—permeability; (f) chlorite content—facial rate; (g) kaolinite content—porosity; (h) kaolinite content—permeability; (i) kaolinite

content—facial rate; (j) content of illite—montmorillonite mixed layer clay(L/S content) —the porosity; (k) 1I/S content—permeability; (1) 1/S

content—facial ratio

Haf 3, BV £6 e 25 Yy se s 4 i e Se i 2k
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Fig. 12 Influence of cementation on the quality of gravity flow tight sandstone reservoir in the Chang-7 Member in Heshui area
(a) BRERERMCESY & it —fLIREE 5 (b) BRERERCES Y & B33 (o) IRIRERISEY) & B — AL %,
(d) PRSI ER—BER; (o) MEFRAY & R—LEE; () MR &R—BER

(a) The relationship between carbonate cement content and porosity; (b) The relationship between carbonate cement content and permeability; (c)

The relationship between carbonate cement content and facial ratio; (d) The relationship between siliceous cement content and permeability; (e)

The relationship between siliceous cement content and porosity; (f) siliceous cement content and permeability
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Fig. 13 Relationship between dissolution pore content and quality of gravity flow tight sandstone reservoir

in the Chang-7 Member in Heshui area
(a) WAL E i —fLBREE ; (b) WAL & —BER,; (o) Wil & —mfl%

(a) solution pore content—porosity; (b) solution pore content—permeability; (c¢) dissolution pore content—surface rate

(K 14a—c) , Hi s A A RORD 1A SZ I 45 4 FH 52 ) B
5if, LU AR BRI PR IE P B, BRI KE ARG
Wb Sz I AR R i fe /N (] 14e) o ATE 3B K, fF
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Fig. 14 Influence of compaction on the quality of gravity flow tight sandstone reservoir in the Chang-7 Member in Heshui area
(a) S,—COPL CEPL FIFMALBR & it 5 (b) AR P H—COPL  CEPL M AL A it (o) VIBUEE—COPL CEPL FIF it
() RFEPRRWARHIZ ) COPL; (e) AFVIBEARSEIZH CEPL; (f) A FTIARARGH R A7 AL
(a) Sy— COPL, CEPL and solution pore content; (b) average particle size—COPL, CEPL and content of solution pores; (c) deposition

thickness—COPL, CEPL and solution content; (d) COPL—sedimentary subfacies reservoirs; (e) CEPL

solution pore content—sedimentary subfacies reservoirs

sedimentary subfacies reservoirs; (f)
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Fig. 15 Spatial and temporal distribution of sedimentation and diagenesis and reservoir evolution of deep-water lacustrine gravity

flow tight sandstone reservoirs
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Effect of sedimentation and diagenesis on the quality of lacustral gravity
flow tight sandstone reservoirs

——A case study of the Chang-7 Member in Heshui area, Ordos Basin

HUO Hongliang'" > |, LIU Chenglin"*? , LI Wenda'* | ZANG Qibiao" *, LI Guoxiong'"? ,
LU Zhendong" * , SU Jiajia" >, YANG Yizhuo" >
1) National Key Laboratory of Petroleum Resources and Engineering, Beijing, 102249,
2) College of Earth Sciences, China University of Petroleum ( Beijing) , Beijing, 102249

Objectives: This paper aims to study the characteristics and distribution of tight sandstone reservoirs deposited
by gravity flow in deep water. Specifically, the study focuses on the 7th Member, Yanchang Formation, Triassic
(the Chang-7 Member) , in Heshui area, Ordos Basin.

Methods: The analysis is conducted through the core description, cast thin slice, and scanning electron
microscope observation. By combining physical property data and analytical laboratory data, the study analyzes the
petrology, pore types, and diagenetic characteristics of the Chang-7 Member reservoir in the study area.
Additionally, the formation mechanism of a high-quality reservoir is discussed based on sedimentary and diagenetic
characteristics.

Results; The reservoirs of the Chang-7 Member in Heshui area mainly comprise feldspathic lithic sandstone.
The pore types are mainly solution and residual intergranular pores, which belong to the ultra-low porosity and ultra-
low permeability reservoirs. The main diagenetic processes are compaction, cementation, and dissolution. The
quality of gravity flow tight sandstone reservoirs is controlled by sedimentary facies, compaction resistance, illite
mineral content, and feldspar and other minerals dissolution. Reservoirs deposited in restricted channels generally
have the best reservoir quality under relatively weak compaction, cementation, and strong dissolution. Sandstones
in different sedimentary environments have differences in particle size, sorting, and sedimentary thickness, which
can control reservoir quality by influencing diagenetic type and intensity.

Conclusions: There are differences in grain size, sorting and thickness of reservoirs formed in different
sedimentary environments, which lead to differential diagenesis and affect reservoir quality. Based on this, a
quality evolution model of tight sandstone reservoirs under gravity flow sedimentary background is established. The
research results can provide a reference for predicting and evaluating the same type of reservoir.

Keywords: gravity flow; tight sandstone; sedimentary facies; diagenesis; reservoir quality; Chang-7
Member, Yanchang Formation; Ordos Basin

Acknowledgements : Heartfelt thanks to Changqing Oilfield Company for providing the basic information,
thanks to the editors for their careful, professional, and meticulous review, guidance, and help, and thanks to the
reviewers for their valuable advice

First author. HUO Hongliang, male, born in 1996, Ph. D., student at China University of Petroleum
(Beijing) , research interests; unconventional petroleum geology; Email: 694200908@ qq. com

Corresponding author: LIU Chenglin, male, born in 1970, professor, doctoral supervisor, is mainly
engaged in the teaching and research of oil and gas resource evaluation and unconventional oil and gas geology;
Email ; lclzgx@ 126. com

Manuscript received on: 2024-01-03; Accepted on: 2024-05-12; Published online on; 2024-05-20

Doi; 10. 16509/j. georeview. 2024. 05. 041 Edited by: LIU Zhiqiang



