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Fig. 1 The location of Bohai Bay Basin (a), pre-Cenozoic tectonic outline map of the study area and surroundings (b), the lower Palacozo-

ic stratigraphy and lithology column of the study area (c)
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Fig. 2 The lithologic photographs of the carbonate in the study area
a JeRh KA, Z W24 L, CFD-H JF, 16 HL4H, 3 740.04 m(-); b. 5& AR A0 JB K&, WUALIEIVAFL, CFD2-1-B I, EHRIGA, 34774 m (-); c. &L
JEIRVE~ AR = 4, CFD2-1-B JF, #1141, 3 708 m; d. % 4= JH e~ &t 14 5 5, CFD2-2-1 HF, 1R L4, 3 955 m (-); e. Al Ak I 3, R 44k Mo 244k
AR AL, CFD2-1-A HF, 22 L4, 3 710 m; £ K kY & 1 = %, CFD2-2-B I, 2 I 1AL, 3400 m (-); g Al 1 =, & H R AL, 4R BE
KRB WA S A, CFD2-1-B I, 1R B4, 3 830 m (-); h. -4l i =, RLEE N LAY F = A & B IR L, CFD2-1-B I, s2 A 41, 3 709.3 m (-);
LB KB S, KB L, CFD2-2-C I, i A0, 3 640 m (-); j. A E MR = 4, CFD2-1-B JF, 16 LA, 3 547 ms k. A I R KA
CFD2-2-1 9, 52 L2, 3 566 m; | ¥ F ik 1 =, 2 21 2458907 A 7o 8, CFD2-1-B JF, 5B KIG4, 34424 m
(=) 878 F B B8 W04 30 1 8L 5

a. Micritic limestone, multi-stage fracture filling, Well CFD-H (3 740.04 m), Yeli Formation; b. sparking cemented sand clastic limestone, intergranular solu-

tion pore, Well CFD2-1-B (3 477.4 m), Shangmajiagou Formation; c. laminated mud-microcrystalline dolomite, Well CFD2-1-B (3 708 m), Gushan Formation;
d. clastic mud-microcrystalline dolomite, Well CFD2-2-1 (3 955 m), Yeli Formation; e. fine crystalline dolomite, development of cracks and fracture-related dis-
solution voids, Well CFD2-1-A (3 710 m), Liangjiashan Formation; f. calareous silty dolomite, Well CFD2-2-B (3 400 m), Liangjiashan Formation; g. fine
crystalline dolomite, large solution pores are develope and ring-edge dolomite is developed on the cave wall, Well CFD2-1-B (3 830 m), Yeli Formation;
h. powder-fine-geained dolomite, the dolomite filled in the fracture develops dissolution pores, Well CFD2-1-B (3 709.3 m), Liangjiashan Formation;
i. powdery gray dolomite with a small number of intergranular pores, Well CFD2-2-C (3 640 m), Yeli Formation; j. karst breccia dolomite,
Well CFD2-1-B (3 547 m), Yeli Formation; k. karst brecciate limestone, Well CFD2-2-1 (3 566 m), Liangjiashan Formation;
1. karst breccia dolomite, several groups of cracks are filled with calcite, Well CFD2-1-B (3 442.4 m), Shangmajiagou Formation

(-): Multiple fractures been filled
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Fig. 3 The diagram of reservoir intervals distance from buried hill top and the distribution of reservoir

physical property of each boreholes in Shaxibei area
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Fig. 4 The characteristics and sequence of fracture families oc-

curence in the study area
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CFD2-2-N JF, 3 560 m; b. 3 Y1 4% 5t 41 J7 fi% £1 Ik #4, CFD2-1-B 3,
3450 m; c. A0 PR E — K24, CFD2-1-B 3, 3 442 m; d. 41

BYY)SEAH B ) #], CFD2-1-B JF, 3 706 m
a. Two shearing fractures and one tensile fracture can be observed in the

core. The fractures of Family I are filled with fine crystalline calcites, the
fracture of Family II is filled with argillaceous calcites, and the fracture of
Family III is not filled, Well CFD2-2-N (3 560 m); b. the shearing frac-
tures are filled with calcite veins, Well CFD2-1-B (3 450 m); c. a tension-
al fracture observed in the cor, Well CFD2-1-B (3 442 m); d. the two fam-
ilies of fractures cut each other, Well CFD2-1-B (3 706 m)
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Fig. 5 Natural fractures identified in the imaging logging of carbonate buried hill cores in the southwest of Bozhong Sag (Red curves rep-

resent tectonic fractures. Pink curves represent induced fractures)
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Fig. 6 Tectonic evolution of the buried hill and reservoir formation of fracture-karst combined mechanism in Shaxibei area
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The control mechanism of multi-stage fracture-related karst reservoirs of
carbonate buried hills in Bohai Bay Basin

Wang Zeji"?, Chen Anqing"?, Li Huiyong®, Wang Qingbin’, Zhou Xuewei"?, Ye Tao™?,

Luo Jian"?, Xiao Shuguang®, Hou Mingcai'?

(1. Key Laboratory of Deep-Time Geography and Environment Reconstruction and Applications of Ministry of Natural Resources, Chengdu
University of Technology, Chengdu 610059, China; 2. Institute of Sedimentary Geology, Chengdu University of Technology, Chengdu
610059, China; 3. CNOOC (China) Tianjin Branch, Tianjin 300459, China)

Abstract: The buried hill oil and gas reservoirs have become an important exploration field in China’s marine
basins. The northwestern area of Shaleitian area of Bohai Bay Basin is a typical carbonate buried hill zone. Due to
the lack of research on the reservoir control effect of multiple stage fractures and their related karstification, the oil
and gas exploration of carbonate buried hills is restricted. This paper conducts a detailed analysis of the develop-
ment characteristics of the fracture-cave system in carbonate buried hill reservoirs in the northwestern Shaleitian
Uplift, and studies the reservoir control effects of fractures and karst. The results indicate that the lower Paleozoic
carbonate buried hills in the northwestern area of Shaleitian Uplift belong to fracture related karst reservoirs. The
reservoir space includes dissolution pores, structural fractures, and expansion pores along the structural fractures.
High quality reservoirs have lithological selectivity, and fractures and dissolution pores developed in microlite crys-
talline dolomite and fine crystalline dolomite are better. The reservoir mainly develops three sets of fractures, with
E—W and NE oriented shear fractures mainly related to two tectonic compressions during the Indosinian and Late
Yanshanian. The third set of NW oriented tensile fractures is related to the intracratonic movement during the Him-
alayan orogeny, and compression is the main mechanism for forming high-density fractures. The later stage of ex-
tension is a necessary condition for the relaxation of fractures to form reservoir spaces. The Lower Paleozoic car-
bonate buried hill reservoirs have undergone three stages of karstification, which are karstification in the steady
Caledonian tectonic background, karstification in the Indosinian compressive background, and fault block-horst
karstification in the Yanshanian-Himalayan extensional background. In summary, the carbonate buried hill reser-
voirs in the northwestern Shaleitian Uplift are formed by multiple stages and multiple types of tectonic-karst pro-
cesses, and the analysis of the differences in the degree of recombination in different structural parts is an import-

ant factor in understanding the reservoir formation mechanism.

Key words: buried hill reservoir; carbonate rock; fracture; karstification; Bohai Bay Basin
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