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Fig.2 Rock composition of the nearshore subaqueous fan

reservoirs of the Yongl block, Dongying Sag
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Fig.3 Reservoir properties of the nearshore subaqueous fan in the Yongl block, Dongying Sag
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Fig.4 Reservoir space in nearshore subaqueous fan reservoirs in the Yongl block, Dongying Sag
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Table 1 Reservoir properties of different lithofacies in the nearshore subaqueous fan
in the Yongl block, Dongying Sag
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Table 2 Diagenesis intensity classification of the
nearshore subaqueous fan of the Yongl block,

Dongying Sag
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Table 3 Reservoir properties of the different diagenetic facies in the nearshore subaqueous fan

in the Yongl block, Dongying Sag
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Fig.5 Characteristics of core fractures of the Yongl block, Dongying Sag
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Table 4 Reservoir properties of different wells at greater distances from the high part of
the paleo-uplift in the Yongl block, Dongying Sag
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Fig.6  Controls of fractures on the nearshore subaqueous fan reservoirs in the Yongl block, Dongying Sag
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Table 5 Controlling factors of reservoirs in the near-
shore subaqueous fan in the lower 4" member of Sha-
hejie Formation in the Yongl block, Dongying Sag
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Fig.7 Evaluation diagram for reservoirs in the nearshore subaqueous

fan in theYongl block, Dongying Sag

®6 FEMMEKIPGEEKTEERRHTRRE

Table 6 Test results for reservoir types of the nearshore subaqueous fan in the Yongl block, Dongying Sag
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Fig.8 Distribution model of the nearshore subaqueous fan reservoirs in the

Yongl block, Dongying Sag

T tb i —2 e G 5 I k20 e S o4 Y/ 45
RIS BN R S — TR
A5 IV Il 0 e 52 T Y/ 4 T4 B/ i S 4%
ERR RS R YD e R B R —
TR G

M SR R Ly 1 26 I 2 R F
DX, ey i BEE m AR A I 28 L 2R E R B IX N
et S 30l A e 2y I, )2 A 7 X o o
AL R B O IV A2 A 7 DX 5 A B v R e v
B2 AR IR K B X, J oty e v B A3 o IV i
JERF X,

2% 3Lk (References)

(1] SEAL BR 55 A, 45 A8 MR BES 8k 18-7K 921 HBIX
Wk TR S A2 RAE [T ], E TRl 08, 2014, 26 (4) :28-35.
[Xian Benzhong, Lu Zhiyong, She Yuangi, et al. Sedimentary
and reservoir characteristics of glutenite in Yan 18-Yong 921 ar-
ea, steep slope of Dongying Sag [J]. Lithologic Reservoirs,
2014, 26(4): 28-35. ]

AR . TR P B BEEAT 0 R4 A R 8 R AE S L
WD dbat . b Rk B B 5 b sk BLAF 5 B, 2001

[ Wu Hengzhi. The developing characteristics and petroleum pool

(2]

distribution of sand-conglomerate bodies in the steep slopes of

(3]

(4]

(5]

(6]

(7]

faulted sag in Jiyang Depression| D]. Beijing: Institute of Geolo-
gy and Geophysics, Chinese Academy of Sciences, 2001. |
R, AR 2 AL AR L R MR K | B DU B DR A A AT
Rl 2RI R R 0T ], AR, 2016,28(1) :30-37, 64
[Cao Gang, Zou Jingyun, Qu Quangong, et al. Controlling fac-
tors of effective reservoirs in glutenite body of the fourth member
of Shahejie Formation in Yong 1 block, Dongying Sag[J]. Litho-
logic Reservoirs, 2016, 28(1): 30-37, 64. |

WYL TR, W RR AR R o RO AR LR
FH 7K 1 T b o o ) [0 ], < B 55 R %, 2016, 23
(4):59-63. [ Shu Ningkai, Wang Xinwen. Sedimentary sequence
classification and connectivity pattern of conglomerate reservoir:
A case study of Yong 1 conglomerate reservoir in Dongxin oilfield
[J]. Petroleum Geology and Recovery Efficiency, 2016, 23(4):
59-63. ]

Clarke R H. Reservoir properties of conglomerates and conglom-
eratic sandstones: Geologic notes [J]. AAPG, 1979, 63 (5) :
799-803.

KR MRS KB IS = RV DB )ZRAET ], B
1A, 1992, 13 (3) : 270-279. [ Zhang Chunsheng, Lai Zhi-
yun. Characteristics of Shasi member reservoir (Tertiary) of Yon-
ganzhen oilfield [J].
(3): 270-279. ]
KR G RO, A I AV Y B R E — R =
TR ] HERP 2 ——rh E M B 2241, 1995, 20(1)
95-100. [ Zhang Chunsheng, Lai Zhiyun, Li Chunguang, et al.

Xinjiang Petroleum Geology, 1992, 13



&%

53]

FIRPEAE PR R TR AR PR R 5 0T Ik

1077

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Alluvial fan-fan delta deposits of Sha-4 member in Yong’ anzhen
oil field[J]. Earth Science—Journal of China University of Geo-
sciences, 1995, 20(1): 95-100. |
JANE AT S WA, 55 L AR B K 2 — R G X IR
AESSHTLI]. BT S R4, 2008, 15(6) : 39-42. [ Lu Hao,
Jiang Youlu, Bo Dongmei, et al. Oil and source rock correlation
of Yong’ anzhen-Yanjia region in Dongying Depression[J |. Petro-
leum Geology and Recovery Efficiency, 2008, 15(6): 39-42. ]
B AR IR AR L X A R R A R S R E T (D). R
SRE MEREL2E,2007, 18(3) :399-402. [ Jia Rong. Types of con-
ducting system and its control on hydrocarbon accumulation in
Yong'anzhen oilfield, Dongying Sag [J]. Natural Gas Geosci-
ence, 2007, 18(3): 399-402. |
KRR, KRR A A B IRZ R — L BB UR D A
S ZRAE ST A« LA 4 FT G 2t v hr i i i 1 2 R 1
R A SEL T, AR S TT %, 2014,41(2) - 158-167.
[ Zhang Huiliang, Zhang Ronghu, Yang Haijun, et al. Charac-
terization and evaluation of ultra-deep fracture-pore tight sand-
stone reservoirs: A case study of Cretaceous Bashijiqike Forma-
tion in Kelasu tectonic zone in Kuqa foreland basin, Tarim, NW
China[J]. Petroleum Exploration and Development, 2014, 41
(2): 158-167. ]
SRR HASE 28, AF L e AT R = AN AR IS i 2 AT
PRI (D], A7 5 KRR T, 2017,38(1) : 71-78.
[Zhou Junliang, Hu Yong, Li Chao, et al. Characteristics and
controlling factors of fan delta facies low permeability reservoirs
in Bohai A oilfield, the Bohai Bay Basin[J]. Oil & Gas Geolo-
gy, 2017, 38(1): 71-78. ]
PRV, T, AL, 55 MEM K B Y G Al T X Ok Y
AR RAE R RZ T ]. ArsEse 5, 2016,38(5) : 609-
618. [Cao Yingchang, Jiang Wei, Wang Yanzhong, et al. Char-
acteristics and controlling factors of Jurassic reservoirs in Che-
paizi area, western Junggar Basin[J]. Petroleum Geology & Ex-
periment, 2016, 38(5): 609-618. ]
Baker J C, Havord P J, Martin K R, et al. Diagenesis and pet-
rophysics of the Early Permian moogooloo sandstone, southern
Carnarvon Basin, western Australia[J]. AAPG Bulletin, 2000,
84(2): 250-265.
FH L RN BRUEEE, S5 . 5F BRI A S e A k2 A
AERHEERIVEIILT ], A A =2 (A SRR D L 2007,
31(5) : 7-11, 17. [ Wang Yanzhong, Cao Yingchang, Chen Shi-
yue, et al. Clastic reservoirs characteristics and its control of
Mesozoic in Jiyang Depression[J]. Journal of China University
of Petroleum, 2007, 31(5): 7-11, 17. ]
Beard D C, Weyl P K. Influence of texture on porosity and per-
meability of unconsolidated sand[J]. AAPG Bulletin, 1973, 57
(2): 349-369.
Tl 2T BN, A L IS A AR M R X
VT2 — BERD R A A SR LA AE TR R 1 S
[J]. A5 RIS HF L, 2017, 38(2) : 230-240. [ Wang Zhu-

(18]

[20]

(21]

(23]

[24]

kun, Li Yuzhi, Cao Yingchang, et al. Probability cumulative
grain-size distribution curves and their implications for sedimen-
tary environment identification of coarse clastic rocks of the Es?
in Yongbei area, the Dongying Sag, Bohai Bay Basin[J]. Oil
& Gas Geology, 2017, 38(2): 230-240. ]

TR RARHE SR A BRI R ET R MRS T 2G0T R
KR B BURRERRIE LT ], TORR 4, 2015, 33(3) : 568-577. [ Wang
Xingxing, Zhu Xiaomin, Zhang Mingjun, et al. Sedimentary
characteristics of near-shore subaqueous fans of the Lower Creta-
ceous in the Honghaoershute Depression [J]. Acta Sedimento-
logica Sinica, 2015, 33(3): 568-577. ]

RWIZK . A8 U1 R ARHE 2 T 4t DX v I B o LA FH 5
(3] AR EE TR~ 4R (IR R R L 2005, 32(3) :239-245.
[Song Mingshui. Diagenesis of the member 4 of the Shahejie
Formation in the south slope of the Dongying Depression, China
[J]. Journal of Chengdu University of Technology (Science &
Technology Edition), 2005, 32(3): 239-245. |

ARIE , SEBEA, BRAEAT 25 . )1 PG 2 3 20 2 201 D B S T
WAL E R R 1], KR ERFL:,2012,23(4)
691-699. [Lin Yu, Wu Shenghe, Xu Zhangyou, et al. Control-
ling factors for T;x, calcarenaceous sandstone in Fenggu struc-
ture, western Sichuan Basin [J]. Natural Gas Geoscience,
2012, 23(4): 691-699. ]

Tobin R C, McClain T, Lieber R B, et al. Reservoir quality
modeling of tight-gas sands in Wamsutter field: Integration of
diagenesis, petroleum systems, and production data[J]. AAPG
Bulletin, 2010, 94(8): 1229-1266.

A, ESEC, EATRT L AF . WIS AR A AR RIS IR Rt
JELJ]. M ERBL 2 3E R, 2013, 28 (1) : 39-50. [Lai Jin, Wang
Guiwen, Wang Shunan, et al. Research status and advances in
the diagenetic facies of clastic reservoirs[J]. Advances in Earth
Science, 2013, 28(1): 39-50. ]

Abercrombie H J, Hutcheon I E, Bloch J D, et al. Silica activi-
ty and the smectite-illite reaction[J]. Geology, 1994, 22(6) :
539-542.

1 S /O S D B L T ol = 2
FAALI BURALB WA A A2 2R o3 b2 i [0 ], Tt
2% 4, 2010, 28 (1) : 50-57. [Zhang Xiangxiang, Zou
Caineng, Tao Shizhen, et al. Diagenetic facies types and semi-
quantitative evaluation of low porosity and permeability sand-
stones of the fourth member Xujiahe Formation, Guang’ an ar-
ea, Sichuan Basin[J]. Acta Sedimentologica Sinica, 2010, 28
(1): 50-57. ]

Grigsby J D, Langford R P. Effects of diagenesis on enhanced-
resolution bulk density logs in tertiary Gulf Coast sandstone: An
example from the Lower Vicksburg Formation, McAllen Ranch
field, south Texas[J]. AAPG Bulletin, 1996, 80(11): 1801-
1819.

TS B ROk S BRI AR M S LB
JBEUHEAMRIZ J5 ¥ « LA BH I 6 478 110 4 /T 4 0l B ST



1078 A AN ¢ H374%

HBILT]. A7k, 2013, 34 (6) £ 1100-1111. [Wang Yan- REUE W AR E AL R R R SRR A
zhong, Cao Yingchang, Xi Kelai, et al. A recovery method for 124k , 2016, 32 (3) : 865-876. [ Wang Zhenyu, Liu Chao,
porosity evolution of clastic reservoirs with geological time: A Zhang Yunfeng, et al. A study of fracture development, control-
case study from the upper submember of Es, in the Dongying ling factor and property modeling of deep-lying tight sandstone
Depression, Jiyang Subbasin [J]. Acta Petrolei Sinica, 2013, in Cretaceous thrust belt K region of Kuga Depression[.l 1. Acta
34(6): 1100-1111. ] Petrologica Sinica, 2016, 32(3): 865-876. ]

[26] FAHRT, XVE, TR, A5 43 B KX BR s 4= 11 2

Controlling Factors and Evaluation of the Medium-deep Glutenite
Reservoirs: An example from the lower part of the fourth
member of the Paleogene Shahejie Formation in the Yongl
block, Dongying Sag
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Abstract: Uncertainty as to the controlling factors and classification methods for the medium-to-deep glutenite reser-
voirs in the lower member of Shahejie Formation in the Yongl block, Dongying Sag, has been a bottleneck for oil and
petroleum exploration efforts. To determine the characteristics, controlling factors and methods of classifying and
evaluating glutenite reservoirs, the reservoirs were examined by a variety of techniques, including 3D seismic inter-
pretation, core and thin section observation, reservoir property analysis and oil testing. A combination of lithofacies,
diagenetic facies and fractures controlled the reservoir formation. Of these, lithofacies is the primary factor. The most
favorable are sandstone and pebbly sandstone. Conglomerate and gravelly sandstone are less favorable, and the least
useful are siltstone, muddy sandstone and calcareous sandstone. Diagenetic facies enhance the heterogeneity of reser-
voirs. The most favorable of these is mainly controlled by moderate to strong dissolution ; those that are mainly con-
trolled by compaction are moderately favorable ; and the least favorable diagenetic facies are mainly controlled by ce-
mentation and high matrix content. In the highest structural part of the structure, fractures improve reservoir proper-
ties, tending to have better properties closer to the structural line. Based on reservoir characteristics and combina-
tions of all the controlling factors, glutenite reservoirs are divided into four types and six subtypes. Type [ (combina-
tion of favorable lithofacies, diagenesis and tectonic location) reservoirs possess the best properties and have the
highest oil output; these are classified as high-quality reservoirs. Type II, (combination of favorable lithofacies, dia-
genesis and adverse tectonic location)or I, (combination of favorable diagenesis, tectonic location and adverse litho-
facies) reservoirs have medium properties and medium oil output, which of moderate quality. Type Ill,(combination
of adverse diagenesis, lithofacies and favorable tectonic location) or Ill; (combination of adverse diagenesis, tectonic
location and favorable lithofacies) reservoirs have quite poor properties and low output of low-quality oil. Finally,
Type IV (combination of adverse lithofacies, diagenesis and tectonic location) reservoirs have the poorest properties
and lowest output, and are classified as ineffective reservoirs.

Key words: reservoir characteristics ; reservoir classification ; reservoir evaluation; glutenite; lower section of the 4"

member of Shahejie Formation; Shahejie Formation; Dongying Sag



