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Fig. 1 Structural units of the Linhe Depresssion, Hetao Basin(from Zhang Ruifeng et al. , 2020&)
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Fig. 2 Macroscopic and microscopic petrographic
characteristics of the typical coring interval of the oil group
1, the 3rd Member of Linhe Foramtion in the Well JH2X
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(a) 1665.23 m: particle fragmentation is serious, especially the
small particles between large particles, and the argillaceous
interstitial material is completely missing; (b) 1664. 52 m: the
rock in lower left is dense with argillaceous interstitial material ; the
rock in upper right shows concentrated pores and intragranular
fractures; (c) 1663. 92 m: intergranular pores and intragranular
fractures are present, with local scattered sparry calcite
cementation; (d) 1663. 46 m: particle fragmentation is nearly
unidirectional, and the argillaceous interstitial material is partially
missing, forming intergranular pores. Scattered sparry calcite
cementation is observed locally; (e) 1663. 24 m: the rock is
completely intact, with locally developed intergranular pores and
intragranular fractures. Scattered sparry calcite cementation is
observed; (f) 1663. 13 m: the conglomerate is cemented by
calcite, and some of the grains are fractured and form intragranular
fractures; (g) 1662. 79 m: dense and non - porous fine grained
feldspar sandstone with calcareous cementation; (h) 1661. 77 m:
intergranular pores and intragranular fractures are developed in the
sandy conglomerate, and the intergranular pores are partially

cemented by late sparry calcite
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Fig. 3 Porosity characteristics of the intact cores in the Well JH 2X and JH 4X
(a) HHE2X H 141123 m, G B, AEZHPRMFLBRAX, FERE 1 ~2 mm L[ FLRDRL PN 4 FL L F , KRR IR R & AR (b) 4R 4X
I:2611.25 m, 8 "B, ATIEDEHFLEX, HAR 3 mm ZeA  RLmlfL SR A LB FLE R A, R R A R AR R (o) 754 2X JF 141223
m i—Bt, FLBAX R BB, 5 R B A, FErroR ] FLARL A 2R ALK T 5 (d) 7% 2X JF:1663. 24 m, s =Bt $5 B0 45 500 1Y
FORE AR R S IR 0 A A FLIR A T DX, b e TR R AL, H i R AL PR R; (e) A 4X 9F:2608. 80 m, W12 — B, KA 1)
/NI ZSE LR E KBRS 5 () 42X JF:1663.92 m, i —B . ASeii)d g & e, REE X TB, K — A F ik E;
(g) T 2X H:1663. 46 m, IIfi— B, FOREMIALFERAE R BPR AT 5 (h) 48 4X H:2063. 62 m, [Fl— B, F0RLHE ik Ak A5 2448 52 F bR A3 Af
(a) the Well Jihua 2X; 1411.23 m, the 2nd Member of Linhe Formation. The narrow banded pore zone (width of 1~2 mm) with intergranular
pores and ingranular fractures is well developed. Large clastic grains did not underwent fragmentation; (b) the Well Jihua 4X: 2611. 25 m, the 2nd
Member of Guyang Formation. The pore area is nearly round, with a diameter of about 3 mm. The intergranular pores and fractures in grains are
relatively developed, and the large clastic grains do not fragment; (c¢) the Well Jihua 2X; 1412. 23m, the 1st Member of Linhe Formation. The pore
area is circular with obvious boundaries with the surrounding rocks, in which intergranular pores and intragranular fractures are developed; (d) the
Well Jihua 2X, 1663.24 m, the 3rd Member of Linhe Formation. In the dense medium-grained feldspar sandstones with calcareous cementation,
there are elliptical pore areas with intergranular pores and some clastic grains underwent fragmentation; (e) the Well Jihua 4X: 2608. 80 m, the 2nd
Member of Guyang Formation. Small particles between large ones underwent extensive fragmentation. Large particles did not underwent
fragmentation; (f) the Well Jihua 2X; 1663.92 m, the 1st Member of Linhe Formation. Fractures developed in quartz clasts, and show roughly X-
shaped; (g) the Well Jihua 2X: 1663. 46 m, the 1st Member of Linhe Formation. Fractures are fan-shaped; (h) the Well Jihua 4X: 2063. 62 m,

the 1st Member of Guyang Formation. Fractures are fan-shaped
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Fig. 4 Hydrocarbon accumulation model of Jihua region in the Linhe Depression (a, see Fig. 1 for section location) and

cross-well seismic profiles of JH2X and JH4X (b—c)
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(a) Dense and non-porous sandy conglomerate and sandstone of fan-
delta facies, which are not affected by faults; (b) a structural
fracture zone, in which the sandy conglomerate with argillaceous
cementation was strongly broken while the sandstone with calcareous
cementation was not easily broken and relatively intact; (c) the
seismic action causes the agitation of the water in the fault zone,
forming the high-pressure fluid with strong impact force, acting on the

rocks inside and on both sides of the fault zone
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A special reservoir space genesis mechanism: Fault—earthquake

—high pressure water jet process

SHEN Hua" , LU Lu”, SHI Yuanpeng" , LI Zhuangfu” , CHEN Shuguang'’,
CAO Lanzhu" | HU Yanxu" , LI Minghua"
1) Exploration and Development Research Institute of Huabei Oil Field Company, PetroChina, Rengiu, Hebei, 062550,

2) School of Resources and Geosciences, China University of Mining and Technology, Xuzhou, Jiangsu, 221116

Objectives: Reservoir research is an important part in the petroleum exploration and development, and

unraveling the formation mechanism of the reservoir space as well as determining the dominant controlling factors

(such as structure, deposition, diagenesis, etc. ) is essential. For the formation of reservoir space, most of the

previous studies have focused on the mechanisms in terms of deposition and diagenesis, while the understanding to

the mechanisms in terms of faulting mainly stays at a simple level of "fracture" , lacking a further discussion on the

detailed processes. This paper focuses on the sandy conglomerates of fan-delta facies in the Linhe depression of

Hetao Basin, west China, and aims at exploring a reservoir space formation mechanism related to fractures.
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Methods: Based on the seismic profile analysis, through the drilling core and microscopic petrographic
observation under polarizing microscope of the fan-delta facies sandy conglomerates.

Results: The results indicate that the fan-delta facies sandy conglomerates consist of broken and intact sections
vertically alternative. The sandy conglomerates in the broken sections are broken severely with a small amount of
loose and fragile rock fragments remained, among which the debris particles are mostly crazed, and the original
argillaceous interstitial materials among the particles are mostly disappeared. The sandy conglomerates in the intact
sections have no significant fracture, but the ones near the broken sections unevenly have intergranular pores and
clastic fracture pores, which are present locally in rocks in various forms (e. g., strips, irregular patches,
subcircular or elliptic spots).

Conclusions: Based on the systematic study of macroscopic and microscopic petrology, this paper gives a
genesis mechanism of " fault—earthquake—high-pressure water jet process" as follows. (I The extremely thick
sandy conglomerates of fan-delta facies are originally cemented by argillaceous materials (or micrite calcalites) and
are dense with no or rare pores. They are fractured due to the cutting of faults within the basin, forming the most
important reservoir spaces, i. e., fracture zones. 2 With the occurrence of seismic activities, the faulting will
cause rapid structural stress action, and result in brittle fractures within the debris particles of the rocks. At the
same time, the earthquakes will cause agitation of groundwater in the fault zones, thus forming high-pressure fluid
jet in and to both sides of the fault zones. The impingement of liquid columns can form pore areas in the intact
sandy conglomerates near the broken sections, and, at the same time, cause the particles to break by the impact
between them. (3 The brittle fractures of particles will be preserved by high pressure fluid injection.

Keywords: reservoir space; petroleum reservoir; fault structure; earthquake; high pressure water jet; Hetao
Basin; Linhe depression
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