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Fig. 1 Regional tectonic framework of the Yinggehai Basin
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Table 1 Formation density and formation water

density in compaction simulation experiment

T /m b2 (gfem’) iR K EE /(gfem®)
0~500 2.05
500~1 000 2.15
1.01
1 000~1 500 2.25
1 500~2 000 2.35
2 000~2 500 2.45
1.02
2 500~3 000 2.55
3 000~3 500 2.65 1.03
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Table 2 Experiment 1: Experimental parameters of the normal-pressure compaction simulation experiment with

pure feldspar and quartz grains

SRR B fm A [E J)/MPa Hb)ZE YR I /MPa Hb)Z AR 3 /MPa Hb R/ C ] /Ma SYGIRH A /b
0 0 0 0 27.0 16.0 0
500 10.05 5.10 4.95 435 12.9 15
1000 21.07 11.17 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 4.8 135
2500 60.03 35.04 24.99 113.0 4.6 137
3000 74.97 44.98 29.99 134.1 3.7 148
3500 90.90 55.57 35.33 159.7 2.8 159
4000 107.80 67.42 40.38 181.7 1.8 170
4500 125.69 80.26 45.42 205.3 0.9 181
5000 144.55 94.08 50.47 2283 0.0 192
R3 TR KA ARAFNBERMSESH (MEE N RECH 1.79)
Table 3 Experiment 2: Experimental parameters of the overpressure simulation experiment with pure feldspar
and quartz grains (formation pressure coefficient: 1.79)
SRR I HE/MPa HHET)MPa FOKFAES/MPa Hulid/°C BE/Ma EHE/MPa SEBRES(E]/M IR
0 0 0 0 27.0 16.0 0 0
500 10.05 5.10 495 43.5 12.9 4.95 37
1000 21.07 11.17 9.90 60.0 9.8 9.90 74 TEH S
1500 33.08 18.23 14.85 76.5 72 14.85 106
2000 46.06 26.26 19.80 93.0 5.5 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 44.73 137
3 000 74.97 21.29 29.99 134.1 3.7 53.68 148
3500 90.90 27.66 35.33 159.7 2.8 63.24 159 TR, I R E O 1.79
4000 107.80 35.53 40.38 181.7 1.8 7227 170
4500 125.69 44.38 45.42 205.3 0.9 81.31 181
5000 144.55 54.21 50.47 2283 0.0 90.34 192
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Fig. 2 Petrological characteristics of deep clastic rock reservoirs in the Huangliu Formation, Ledong area, Yinggehai Basin
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Fig. 4  Characteristics of compaction in deep clastic reservoirs of the Huangliu Formation, Ledong area, Yinggehai Basin
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Fig. 5 Characteristics of cementation in deep clastic reservoirs of the Huangliu Formation, Ledong area, Yinggehai Basin
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Fig. 6  Characteristics of dissolution in deep clastic reservoirs of the Huangliu Formation, Ledong area, Yinggehai Basin
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Fig. 7 Characteristics of primary porosity in deep clastic reservoirs of the Huangliu Formation,

Ledong area, Yinggehai Basin
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Fig. 8 Petrophysical characteristics in deep clastic reservoirs of the Huangliu Formation, Ledong area, Yinggehai Basin
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Ledong area of the 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

5 TR /m [CEXRT] (oE e il IR/ VKA TARSE I/ (g/em®) (U E i iR
w2 348274 AR ok 134.1 2.1 1.010
w2 3482.74 A 45 LGS il 130.7 / :
w6 4170.25 AREAA R ok gEk 135.3 -42 1.020
W6 4170.25 AEEA R H AT 139.8 / g
W6 4170.25 G ELVICTR N 130.4 -4.0 1.021 X
W6 4170.25 AREAMA R FETOLI 131.7 /
W6 4170.25 AREAA R ok ek 133.5 -0.6 1.010
w6 4170.25 YA s WG 136.2 / *
W6 4170.25 Aoy 25 ELVICTR U 134.2 -3.8 1.015 S
W6 4170.25 ARG o, / /
w2 3482.74 FaE S e et s R 154.1 -12.0 1.015
w2 3482.74 AV R WG 130.7 / ¥
w2 348274 A R EIVICTR N 157.5 -0.1 1.010 ,
w2 3482.74 G5 N,+CH, / /
w2 3490.90 PaE S nee et s ke 174.3 -1355 1.020
w2 3490.90 AR oK 164.3 -0.1 1.013 8
w2 3490.90 AR N,+CH, / /
27 o AR F 67.35~72.76 MPa, i H1 2 JE J1 R B A T 1.62~
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Characteristics of paleo-formation pressure coefficient

Fig. 11
evolution in the Huangliu Formation, Ledong area of the

Yinggehai Basin (well W6)
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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

I TRIE/m AL (CE=R] NSRS )W/ P,/ MPa P, /MPa EWIES
w2 3482.74 R AR 22 132.5 33.19 29.72 1.12
w2 3482.74 Hhok LA FaE Sy Nl -32 126.6 33.86 28.51 1.19
w2 3482.74 KA FYERA Y -1.4 136.2 32.75 30.61 1.07
w2 3482.74 KA ARRMAYE 2.1 144.1 32.09 32.26 0.99
w2 3482.74 R AR 4.6 130.7 33.60 29.80 1.13
w6 417230 oK g FEE Siigey -29 159.4 59.62 34.09 1.75
w6 4172.30 KA AR Y -1.8 169.5 61.68 35.34 1.75
w6 417230 HhoK g A PR S gy 24 164.5 60.81 34.83 1.75
w6 4165.38 KA ABEIIGA -3.8 136.6 51.67 29.70 1.74
w6 4165.38 oK A ARRMAYE 26 158.8 59.10 33.98 1.74
w6 4165.38 Y/ TN AR A -1.9 157.6 57.97 33.24 1.74
w6 4165.38 oK gL ARRAYE -45 171.1 65.48 36.75 1.78
W6 4165.38 R AN 10.7 171.1 72.36 4321 1.67
w6 4165.38 Hhk A AR 10.6 171.1 72.26 43.18 1.67
W6 4165.38 KA AN -6.1 171.1 67.35 41.53 1.62
w6 4165.38 Hhk A ik -0.1 156.6 55.77 32.45 1.72
W6 4165.38 KA PR 0.2 158.4 56.43 32.84 1.72
w6 4165.38 R RIRZk -0.1 164.5 58.15 33.95 1.71
W6 4165.38 R PRk -0.1 148.5 53.15 30.96 1.72
w6 4165.38 R RIRER 0.2 157.1 56.03 32.55 1.72
W6 4165.38 KA PRk -0.1 156.2 55.65 32.40 1.72
w6 4172.30 oK YR 0.8 155.8 56.24 32.55 1.73
w6 4172.30 Hhk gL iA ABEMAGA -0.5 162.1 57.90 33.71 1.72
w6 4172.30 R AVEINRIL 2.9 153.3 57.45 32.90 1.75
w6 4172.30 ok ek AR AUE -1.2 155.6 56.58 32.68 1.73
w6 4172.30 R AV HE 0.4 173.4 61.03 35.47 1.72
W6 4170.25 VeI ARRMAUE =35 158.2 59.81 34.94 1.71
w6 4170.25 R AR Y 4.0 150.4 57.38 32.90 1.74
W6 4170.25 Hhok A e A A 4.2 155.3 59.43 33.74 1.76
w6 4170.25 R AR Y 3.8 153.4 58.34 33.11 1.76
W6 4170.25 EDVICSE N AU 4.4 154.5 59.31 33.66 1.76
w6 4170.25 R AR 34 158.5 59.82 34.13 1.75
w6 4167.52 HoK g A FEE S gy 4 -6.7 175.4 69.67 38.11 1.83
w6 4167.52 R AR Y -1 178.6 71.85 38.98 1.84
w6 4167.52 oK gEfA FaE S gty -55 153.5 59.94 33.69 1.78

w6 4167.52 KA VEE gty 3 43 157.2 60.24 34.29 1.76
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Fig. 12 Phase diagram of paleopressure reconstruction based on PVTsim of vapor-liquid two-phase hydrocarbon inclusions
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Fig. 13 Porosity-permeability distribution histograms of different lithology in deep clastic reservoirs of the Huangliu Formation,

Ledong area, Yinggehai Basin



%54 A S <8 O b AR R XU 2 AL L T i 2 1 PR 1825
AN L AR
7 () 01 (b) T (o
60 60 60
¢ 0 < 50 .50
Sy & =
15 40 15 40 1 40
&1 &1 Q1
& 30 & 30 & 30
=3 o = a0
10 10 10
% 5 10 15 20 25 5 10 15 20 25 % 5 10 15 20 0 5 10 15 20 25
FLESLEE/ % LB/ % LK/ % LB/ %
100 (@) 100 ®) 100 (©) 100 (@)
80 80 80 80
# 60 18 60 15 60 18 60
Q1 &1 &1 &1
R 40 R 40 R 40 R 40
s s o Jlsg
20 20 20 20
0 0 0 0
0.01 0.1 1 10 100 0.01 0.1 1 10 100 0.01 0.1 1 10 100 0.01 0.1 1 10 100

BER/x 107 um’

BERIx 107 pm’

BER/x 107 pm®

BER/x 107 um’

Bl 14 7 SRV 3 M AR AR DX AL TR R AR S e DU S AR L R — B 0B R o A EL T
(a,a" VRSP IREASUEA; (b, b VBRI (o, 0 VHRFESE ARG UAAN; (d, ) BRIBAS B
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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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Abstract: [Objective] The Yinggehai Basin is characterized by high heat flow, rapid sedimentation, and wide-
spread overpressure, which together create a unique geological setting featuring a high-temperatureoverpressure cou-
pling for the deep clastic reservoirs of the Huangliu Formation. Despite its significant exploration potential, the gene-
sis of high-quality reservoirs under such extreme conditions remains poorly understood, restricting further hydro-
carbon exploration in the deep strata.[ Methods ] To address this, a systematic investigation was conducted on the res-
ervoir 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 inclusion homogenization temperature measurements, paleopressure reconstruction, and
quantitative compaction simulation experiments. These methods enabled comprehensive characterization of the diage-
netic 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 lit-
tle 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 approxi-
mately 2 300 m, which significantly suppressed both compaction and cementation. This overpressure effectively pre-
served large volumes of early-formed primary pores, resulting in reservoirs buried deeper than 4 000 m that still re-
tain primary porosity as the dominant pore type. [ Conclusions] Based on these findings, a genetic model for deep
high-quality clastic reservoirs is established, summarized as “lithology as the foundation, diagenesis promoting differ-
entiation, 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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