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Appendix Table 1 Formation density and formation water density in compaction simulation experiment

R E /m HZ 55 /(g/em?) K E L/ (g/em?)
0~500 2.05
500~1 000 2.15 Lol
1.000~1 500 225 ’
1500~2 000 2.35
2 000~2 500 2.45 Lo
2 500~3 000 2.55 :
3 000~3 500 2.65 1.03

*2 FW—: KA. ARAHAIEREENESRIUSLE LS
Table 2 Experiment 1: Experimental parameters of the normal-pressure compaction simulation experiment
with pure feldspar and quartz grains

SFRRE e HEERIES HoJZ AR TR ) o7 il S

/m /MPa /MPa /MPa °C /Ma i 6l/h
0 0 0.00 0 27.0 16.0 0
500 10.05 5.10 4.95 435 12.9 L5
1000 21.07 1117 9.90 60.0 9.8 74
1500 33.08 18.23 14.85 76.5 72 106
2000 46.06 26.26 19.80 93.0 5.5 126
2400 57.62 33.63 23.99 109.0 48 135
2500 60.03 35.04 24.99 113.0 4.6 137
3000 74.97 44.98 29.99 1341 37 148
3500 90.90 55.57 35.33 159.7 28 159
4000 107.80 67.42 4038 181.7 1.8 170
4500 125.69 80.26 45.42 2053 0.9 181

5000 144.55 94.08 50.47 2283 0.0 192
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®3 XKW KA. ARATREERULEIESY WEENFHR 1.79)
Table 3 Experiment 2: Experimental parameters of the overpressure simulation experiment with pure feldspar
and quartz grains (formation pressure coefficient: 1.79)

- A U g SEME
/MPa /MPa
0 0 0.00 0 27.0 16.0 0.00 0
500 10.05 5.10 495 435 12.9 4.95 37
1000 21.07 11.17 9.90 60.0 9.8 9.90 74 IEH RS
1500 33.08 18.23 14.85 76.5 72 14.85 106
2000 46.06 26.26 19.80 93.0 55 19.80 126
2400 57.62 14.68 23.99 109.0 48 42.94 135
2500 60.03 15.29 24.99 113.0 4.6 4473 137
3000 74.97 21.29 29.99 134.1 37 53.68 148 —
3500 90.90 27.66 35.33 159.7 28 63.24 159 RN
4000 107.80 35.53 40.38 1817 1.8 72.27 170 179
4500 125.69 44.38 45.42 2053 0.9 8131 181
5000 144.55 5421 50.47 283 0.0 90.34 192
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Fig.3 Ternary diagram of deep clastic reservoir compositions in the Huangliu Formation, Ledong area, Yinggehai
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Fig.6 Characteristics of dissolution in deep clastic reservoirs of the Huangliu Formation, Ledong area, Yinggehai
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Fig.9 Characteristics of fluid inclusion assemblages in deep clastic reservoirs of the Huangliu Formation, Ledong area,

Yinggehai Basin
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Table 4 Homogenization temperatures and ice-melting temperatures of hydrocarbon inclusions and coeval

vapor-liquid two-phase aqueous inclusions

95 VERE/m RN R BWoRERC  KEPC e’ v
w2 3482.74 FALEE ARG hKagEg 134.1 2.1 1.010

w2 3482.74 YA LR 130.7 / !
w6 417025 PEE S cece ] hK gk 1353 4.2 1.020

W6 4170.25 FS AR LR 139.8 / ?
w6 4170.25 PEE S cece ] oK 130.4 -4 1.021

W6 4170.25 FS AR LR 131.7 / }
W6 4170.25 Fo AR K ELEA 133.5 -0.6 1.010

w6 417025 LEE S eee ] F AT 136.2 / !
W6 4170.25 FS AR K ELEA 134.2 3.8 1.015

W6 4170.25 SRS RGE CO; / / ’
w2 3482.74 PEE S cece ] oK 154.1 -12.0 1.015

w2 348274 FS ARG LR 130.7 / ¢
w2 3482.74 FSE AR K ELEA 157.5 -0.1 1.010

w2 348274 FSE AR No+CHy / / ’
w2 3490.90 GRS hKagEg 174.3 -13.5 1.020

w2 3490.90 AR K agEk 164.3 -0.1 1.013 3
w2 3490.90 GRS No+CHy / /
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Cr=-4.523 18x107,

N E BRI BRSNS R ), ASCR A/ PV Tsim AT, 454 Zhang and
Frantz (1987) $RIHIAI AN, KIEEEEL—RE R MEE (v WHEHRES (P,

THHEARW T
P=A+AxxT A (3)
s AL H Ay 3 IR S S EhEEAH G 1) R4, BARFRIA N
A1=6.100%10-3+(2.385x101-a1) Th-(2.855%403F2) Th2-(as- Th+as- Th2)xm /NS C D)
As=ai+ar<Th+ 9.888x106xT}2 + (as+asx Th)xm A (5)

X PREEES CAALN bar, 1bar=0.1 MPa) ; TACRFARGERIIRIEE (oC) , Al
AR AR KO BRI YT IR R IE I e E (FREI%E, 2006) ; Th ARFRAGIEAY IR
FE (°C) 5 m=1 000w/[Mx(200-w)], AJit & BE/RIUKEE, M 4 NaCl FEE/RTE (g/mol) ;: w iy
EEMEE (%) ; £ NaCl-H0 £G4, a1=2.873x10', a,=-6.477x102, a;=-2.009x107",
a,=3.186x103.,

B ARE TR S R4 RS PVTsim AH BB R BA RiF— 8k (in w2 -5 we
I, 58 33~35 MPa fll 60 MPa £ 47) (3R 5. B 12) , PRI VEM BEIRAE, WERT T
R E R UER M SRS . SR R R XML T8 1 Wb, Fls
BARRAFRELLGE 2 ] AR EIRAA R 38 1 s s, B 5RARAR
SAE 1.5~1 Ma i 7eiE (B 10) , HUZE S8 67.35~72.76 MPa, i ZE K71 RECH 1.62~1.84,
NSRRI T R G LL RN =0 2 3 R R A M AR S B AR S BE (Zhang et al,
2016) (11> ;5 55 2 DL Aoy E R RRSRAE 0.7~0.3 Ma 7eiE (B 10) , HEE1E
51.67~61.03 MPa, 25/ R EN 1.36~1.42, NFHEIE, Aftiemn CO, FRIEZ A, 1R KRR
ARG, kR R R (JaRASE, 2022b) (B 1D
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Table 5 Paleo—formation pressures in deep clastic reservoirs of the Huangliu Formation, Ledong area,
Yinggehai Basin, calculated by the equation method

e TR /m (LR (R VK /o I/ °C P jys00/MPa P 0/ MPa J;J;
w2 3482.74 KA LEE Db ] 2.2 132.5 33.19 29.72 1.12
w2 3482.74 EhK A LEE b ] 3.2 126.6 33.86 28.51 1.19
w2 3482.74 K% PEE S anty -1.4 136.2 32.75 30.61 1.07
w2 3482.74 EhK A PEE S acy 2.1 144.1 32.09 32.26 0.99
w2 3482.74 KA PEE S iete ] 4.6 130.7 33.60 29.80 1.13
w6 417230 K% PEE S ety ] 2.9 159.4 59.62 34.09 1.75
w6 4172.30 EhK A PEE S acy -1.8 169.5 61.68 35.34 1.75
W6 417230 EhK A PEE S ooty 2.4 164.5 60.81 34.83 1.75
w6 4165.38 KA AN 3.8 136.6 51.67 29.70 1.74
W6 4165.38 EhK A PEE S aey 2.6 158.8 59.10 33.98 1.74
W6 4165.38 KA PEE S ety ] -1.9 157.6 57.97 33.24 1.74
w6 4165.38 KA PEE S iete ] 4.5 1719 65.48 36.75 1.78
W6 4165.38 EhK A LEE IV ] 10.7 171.1 72.36 43.21 1.67
w6 4165.38 K% AR 10.6 171.1 72.26 43.18 1.67
w6 4165.38 EhK A LEE b ] -6.1 171.1 67.35 41.53 1.62
w6 4165.38 HKEEK b2 0.1 156.6 55.77 3245 1.72
w6 4165.38 KA IR 0.2 158.4 56.43 32.84 1.72
w6 4165.38 HKEEK b2 0.1 164.5 58.15 33.95 1.71
W6 4165.38 KA R -01 148.5 53.15 30.96 1.72
w6 4165.38 KA IR -0.2 157.1 56.03 32.55 1.72
w6 4165.38 HKEEK b2 0.1 156.2 55.65 32.40 1.72
w6 417230 KA LEE Db ] -0.8 155.8 56.24 32.55 1.73
w6 417230 EhK B A FHHINARIL -0.5 162.1 57.90 33.71 1.72
W6 417230 FPZNEE SN EEEY 1 Y] 2.9 153.3 57.45 32.90 1.75
W6 4172.30 EYISOR 37N PEE S iete ] -1.2 155.6 56.58 32.68 1.73
W6 417230 EhK PEE S aey -0.4 173.4 61.03 35.47 1.72
W6 4170.25 KA PEE S iete ] 3.5 158.2 59.81 34.94 1.71
w6 4170.25 KA PEE S iete ] -4.0 150.4 57.38 32.90 1.74
W6 4170.25 EhK A PEE S ooty -4.2 155.3 59.43 33.74 1.76
w6 4170.25 K% PEE S ety ] 3.8 153.4 58.34 33.11 1.76
w6 4170.25 EhK A PEE S acy 4.4 154.5 59.31 33.66 1.76
W6 4170.25 EhK A PEE S acy 3.4 158.5 59.82 34.13 1.75
w6 4167.52 hK Bk PEE S iete ] -6.7 175.4 69.67 38.11 1.83
W6 4167.52 EhK A PEE S aey 1.5 178.6 71.85 38.98 1.84
W6 4167.52 hK A PEE S iete ] 5.5 153.5 59.94 33.69 1.78
w6 4167.52 KA PEE S iete ] 43 157.2 60.24 34.29 1.76
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Fig.18 Genetic evolution model of deep clastic reservoirs in the Huangliu Formation, Ledong area, Yinggehai Basin
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Genesis of High-Quality Reservoirs in the Deep

Huangliu Formation, Ledong Area, Yinggehai Basin
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Abstract: [Objective] The Yinggehai Basin is characterized by high heat flow, rapid sedimentation, and widespread
overpressure, which together create a unique geological setting featuring a high-temperatureoverpressure coupling for
the deep clastic reservoirs of the Huangliu Formation, Despite its significant exploration potential, the genesis of
high-quality reservoirs under such extreme conditions_remains poorly understood, restricting further hydrocarbon
exploration in the deep strata. [Methods] To address‘this, a systematic investigation was conducted on the reservoir
characteristics and the formation mechanisms of high-quality clastic reservoirs in the Huangliu Formation in the
Ledong area, Yinggehai Basin. A multi-technique approach was employed, including detailed core observations,
thin-section identification by casting, cathodoluminescence thin-section analysis, scanning electron microscopy (SEM)
observations, fluid inclusionl homogenization temperature measurements, paleopressure reconstruction, and quantitative
compaction simulation experiments. These methods enabled comprehensive characterization of the diagenetic
evolution, pore types, and controlling factors of reservoir quality under deep-burial conditions. [Results] The results
show that the reservoir rocks are predominantly feldspathic quartz sandstones, with minor lithic fragments. Diagenesis
is dominated by moderate to strong mechanical compaction and calcite cementation, followed by siliceous cementation
in the form of quartz overgrowths. Dissolution is generally weak and occurs only locally, contributing little to porosity
enhancement. Pore spaces are overwhelmingly dominated by primary intergranular pores, with only a minor proportion
of secondary dissolution pores derived from feldspar dissolution. Lithology plays a fundamental role in determining
initial porosity and resistance to compaction: medium- to coarse-grained sandstones with low matrix content and high
rigid grain content exhibit the highest resistance to porosity loss during burial, thus laying the foundation for reservoir
quality. Since 6 Ma, moderate to strong overpressure has developed at depths of approximately 2 300 m, which

significantly suppressed both compaction and cementation. This overpressure effectively preserved large volumes of
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early-formed primary pores, resulting in reservoirs buried deeper than 4 000 m that still retain primary porosity as the
dominant pore type. [Conclusion] Based on these findings, a genetic model for deep high-quality clastic reservoirs is
established, summarized as “lithology as the foundation, diagenesis promoting differentiation, and overpressure
preserving pores.” Within this framework, overpressure development, the presence of medium- to coarse-grained
sandstones, and diagenetic facies characterized by moderate compaction and moderate cementation are identified as the
main controlling factors for the formation of high-quality reservoirs in the deep Huangliu Formation in the Ledong area.
This study provides a theoretical basis and practical guidance for deep natural gas exploration and development in the
deep-water area of the South China Sea, highlighting the importance of integrating lithological, diagenetic, and
overpressure controls to predict the distribution of high-quality reservoirs in similar geological settings.

Key words: Yinggehai Basin; Huangliu Formation; deep layer; high-quality reservoir; lithofacies; diagenesis;

overpressure
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