IOP Conference Series: Earth and
Environmental Science

PAPER « OPEN ACCESS You may also like

. . . - Detection of the timing and duration o
Development characteristics and formation stages il tind oo tima

using QuikSCAT, 2000-2008

of tectonic fractures of Cretaceous Bashijigike tight = Praiwai Panday, karen & Frey ana

Bardan Ghimire

sandstone reservoir in Keshen gas field, Tarim - 3D paleotectonic siress field simulations

. . and fracture prediction for marine-
BaS| n ’ C h | n a continental transitional facies forming a

tight-sandstone reservoir in a highly
deformed area

To cite this article: C L Wang et al 2020 IOP Conf. Ser.: Earth Environ. Sci. 600 012029 Shuai Yin, Qiang Jia and Wenlong Ding
- Uncertainty in the Himalayan
energy—water nexus: estimating regional

exposure to glacial lake outburst floods
Wolfgang Schwanghart, Raphael Worni,

View the article online for updates and enhancements. Christian Huggel et al.

@ N =L DISCOVER
i = how sustainability

The : intersects with
Electrochemical
Society

Advancing solid state &
electrochemical science & technology

[ & 8l

This content was downloaded from IP address 18.118.45.162 on 05/05/2024 at 08:16


https://doi.org/10.1088/1755-1315/600/1/012029
https://iopscience.iop.org/article/10.1088/1748-9326/6/2/024007
https://iopscience.iop.org/article/10.1088/1748-9326/6/2/024007
https://iopscience.iop.org/article/10.1088/1748-9326/6/2/024007
https://iopscience.iop.org/article/10.1088/1742-2140/aaad97
https://iopscience.iop.org/article/10.1088/1742-2140/aaad97
https://iopscience.iop.org/article/10.1088/1742-2140/aaad97
https://iopscience.iop.org/article/10.1088/1742-2140/aaad97
https://iopscience.iop.org/article/10.1088/1742-2140/aaad97
https://iopscience.iop.org/article/10.1088/1748-9326/11/7/074005
https://iopscience.iop.org/article/10.1088/1748-9326/11/7/074005
https://iopscience.iop.org/article/10.1088/1748-9326/11/7/074005
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsuKb1pDM7-INBorOeeWyA3WUslYWyYgapVFOH0dNEjXHXXpF6g2QeUiVdJhkTyGYWBRTKjEwkr10ieXa7Kc7xm3B-qRTatcNAHwHsrRAJJKLhgVGGRRSdIObiBK5inwikF6hXPZIX2hRgbxYrfKQYYHoD2hmhzZxqbsBbSC0p6hzvO-Q8Te9fHGeSxVXErG0inTF2axXRpqCYL8bOBHoDxN60LJZSgzehB_8kfWuwlBhVVGO2yvxZPjCbCDTvmn42RIFSPmilkVEZOvJczVZqSrG9oqX8ZvADIk6Gzh2Y0gasOJuGp6BxdlHXKaxOfo3nJzi-Rg3F4AYI3MT__1j3QKwiAtbw&sig=Cg0ArKJSzDXjCwI5GSmu&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

The 1Ist Virtual Meeting on Deep Oil and Gas IOP Publishing
IOP Conf. Series: Earth and Environmental Science 600 (2020) 012029  doi:10.1088/1755-1315/600/1/012029

Development characteristics and formation stages of tectonic
fractures of Cretaceous Bashijigike tight sandstone reservoir
in Keshen gas field, Tarim Basin, China

C L Wang'*, C Z Zhang?, X J Xiao', Y L Tang}, X J Yang!, HB Li?>, T
Mo?, B H Song!, K'Y Fan'

! Research Institute of Exploration & Development, Tarim Oilfield Company,
PetroChina, Korla 841000 China

? Department of Development projects, Tarim Qilfield Company, PetroChina, Korla
841000 China

*Corresponding author’s e-mail address: wangcl-tim@petrochina.com.cn

Abstract. The Cretaceous Bashijiqike formation in the Kuga Depression of the Tarim Basin is
ultra-low porosity and ultra-low permeability reservoir, where fractures have important
influences on single well productivity and natural gas accumulation. According to the core CT
scanning, casting thin section, laser copolymerization, imaging logging and other data, the basic
development characteristics of fracture in this area are analyzed. Based on the analysis results of
the core fracture cutting relationship, the carbon and oxygen isotope of the fractures filling, and
the temperature measurement of the inclusions, the main stages of the regional fractures are
determined. The results show that the fractures in the study area are mainly high angles, mostly
filled with calcite and gypsum, and the fracture width is generally less than 0.2mm. There are
three groups of structural fractures, which are EW/NE-SW and NW-SE, with the dominant
orientations being NE-SW and NW-SE. The structural fracture were formed in three stages,
which were the late Yanshan movement period-early Himalayan tectonic movement, the middle
period of Himalayan, and the late period of Himalayan tectonic movement. The tectonic activity
of the late Himalayan tectonic movement is the strongest, and the formation of fractures formed
in this period were low degree of filling and effective.

1. Introduction

The Cretaceous Bashijiqike formation is the main gas-producing layer of the KeShen gas field, the
properties of which is tight. The core and imaging logging data show that the fractures are relatively
developed in this area. The well test explains that the formation permeability is higher than the matrix
permeability 1-3 order of magnitude [1]. This result indicates that the existence of fractures has greatly
improved the permeability of the formation. Fractures are the result of superposition caused by multiple
periods of tectonic movement [2-4]. Taking the structural fractures of the tight sandstone reservoirs of
the Bashijigike formation in the KeShen Gas Field as the research object, the author use the data of core
CT quantitative scanning, imaging logging, casting thin sections and laser confocal observations to
comprehensive analyse the characteristics of fracture development in the study area. According to the
fracture cutting relationship, the use of carbon and oxygen isotope and fluid inclusion experimental data,
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we carry out fracture formation phase research to provide a foundation for the research of fracture
distribution prediction.

2. Geological background

The Keshen gas field is located in Kelasu structural belt in the Kuga Depression [5], Tarim Basin. Since
the Mesozoic, the KeShen zone has experienced two major tectonic movements, Yanshan and
Himalayas, with the strongest orogenic movement in the late Himalayas [6]. In the late Yanshan
movement-early Himalayan movement, the tectonic movement was relatively weak, which was affected
by the north-south tensile stress. In the middle and late stages of the Himalayan tectonic movement, the
Indian Ocean plate and the Eurasian plate collided violently and quickly wedged, the Qinghai-Tibet
Plateau uplifted rapidly, and the Tianshan Mountains uplifted strongly. Under the action of the north-
south tectonic compression stress, several long-axis anticline structure were developed with near-east-
west directions. The Cretaceous Bashijigike formation is the main resevoir in the study area, which
burial depth is mainly 6000m~8500m [7]. The average matrix porosity of the Cretaceous Bashijigike
formation reservoir is 5.4%, and the average matrix permeability is 0.049x10~um?’. The Core, imaging
logging data and well test interpretation all show that the fractures are developed, and the test
permeability is much higher than the matrix permeability.

3. Basic characteristics of cracks
Based on the computer tomography scans of 8 core wells with a total length of 20.21 m, the core
observations of 8 wells and the imaging logging interpretation results of 51 wells, it is believed that the
fractures are mainly semi-filled and unfilled vertical and high-angle structural fractures in the study area
(Figure 1), with a small number of low-angle and horizontal fractures; The main substances are calcite
and paste, and the filling degree is related to the opening. Generally, the fractures with a small opening
have a low filling degree, and the fractures with a large opening have a high filling degree. The fractures
opening is generally less than 0.2mm, mainly distributed between 0.05mm and 0.5mm, and the
maximum can reach 3.0mm. The apparent porosity FVPA of fractures is mainly 0.01%~0.2%, with an
average of 0.04%. The fractures directions are mainly northeast-southwest and northwest-southeast.
Observation of 944 cast thin slices and 66 laser confocal micro-cracks in the study area show that
micro-fractures are mainly associated with micro-fractures of cut particles produced by tectonic
extrusion, micro-scale grain edge fractures that are not consolidated at the edge of the grain, and the
inside of the grain. Nano-scale fractures are the main ones, and the fracture filling is mainly calcite and
dolomite, and a small amount of anhydrite. The width of the grain edge is generally between 1 and 10um,
and the width of the nano-scale fractures inside the grain is generally less than 1um (Figure 2).

Figure 1. Core fracture characteristics of Bashijigike Formation in KeShen block
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Figure 2. Microscopic characteristics of fractures in the Cretaceous Bashijiqike formation reservoir in
KeShen gas field.

4. Period of crack formation

4.1. Fracture cutting relationship

The conjugate fracture represents the maximum principal stress direction of the regional tectonic stress
field. According to the results of the CT scan core fractures, early fully-filled conjugate fractures were
found in some cores, with larger opening. Semi-filled high-angle fractures were found in Wells Ks2-2-
8, Ks2-2-3, and Ks2-2-4. The direction of the conjugate angle is about 5-10 degrees to the right from the
early conjugate angle. It is almost north-south, and undergoes strong later transformation. Unfilled or a
few filled conjugate fractures were found in wells Ks2-2-5 and Ks2-2-8. The deviation angles between
the direction of the sharp bisector and the first two fractures are all within 20 degrees.

Ks2-2-51-37-88 Ks2-2-8 4-21-44

Ks2-2-8 6-38-18 Ks2-2-3 2-1-10 Ks2-2-4 2-1-10 Ks2-2-8 5-12-47

Ks2-2-8 1-»-18

Blue represents the maximum principal stress in the Quaternary; brown-red represents the maximum
principal stress at the end of the Miocene; red represents the maximum principal stress at the end of the
Miocene; yellow represents the maximum principal stress at the top of the fold.
Figure 3. Results of the main CT scan conjugate slits in the KeShen area

Ks2-2-8 3-6-41 Ks2-2-5 1-69-88
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According to the results of CT scan conjugate fractures, the fracture development periods in KeShen
area can be divided into three periods. The first period fractures are mainly filled with post-diagenetic
lime, dolomitic, and argillaceous materials, partially filled with half; the second period shearing fractures
are semi-filled with gray matter and dolomitic, partially full filled, which mainly distribute in the two
wings of the fold; the third period fractures are mainly unfilled, partial semi-filled by calcite and
dolomitic. The fractures are vertical shearing joints and tensioning shearing joints (Figure 3).

4.2. Carbon and oxygen isotope analysis
In this study, 16 calcite fillings near the fracture walls of 9 wells in the Keshen block were selected for
carbon and oxygen isotope tests. The test results show that the carbon and oxygen isotopes in the Keshen
block can be divided into two zones, in which the average oxygen isotope averages are -8.9%o and -
14.8%o. The result reflect that the main crack formation period is 2 stages (Figure 4). The oxygen isotope
is mainly related to the water medium (the salinity of paleo-water bodies during the deposition period
of the Bashijigike Formation was low-medium salty) and temperature. In order to further determine the
period of fracture formation, we calculate the ancient geothermal temperature during the fracture
formation period according to the oxygen isotope temperature measurement equation proposed by
Epstein. Combined with the ancient surface temperature (average 15°C), the ancient geothermal gradient
(2.5°C/hm[8]) and the burial history of the target layer, we comprehensively determine that the fracture
developed periods were the late Yanshan movement-Early Himalayan movement and mid Himalayan
movement in study area.
T =31.9 — 5.55(5180 — §80,)) + 0.7 (5180 — §'80,,) *

T-the temperature when the fracture filling is formed, C;

8 80y~ the oxygen isotope value of the water medium when the filling was formed (-8[12]), %o.

(O Late Yanshan Movement-Early Himalayas

The average value of 6 '*O during the development of the fracture filling was -8.9%o, the temperature

was 37.5°C, and the corresponding burial depth was about 900m. It is the product of late Yanshan-carly
Himalayan tectonic movement.

@Middle of the Himalayas

The average value of 8 'O during the development of the fracture filling was -14.8 %o, the
temperature was 102.5°C, and the corresponding burial depth was about 3500m. It was the product of
mid-Himalayan tectonic movement. During this period, the study area was slowly squeezed by the nearly
north-south tectonic stress. A relatively large number of northwest-southeast and northeast-south-
trending structural fractures dominated by shear fractures have been produced.
Considering the unfilled fracture and the above analysis, there are at least three periods of fracture
development.
5'80%0

-19 -17 -15 -13 -11 -9 =7 -5

513C%o

-4

Figure 4. C/O isotope test results of fracture filling
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4.3. Fluid inclusions

A total of 14 test points in 8 samples of the fracture fillings of different cutting periods in the Cretaceous
Bashijigike Formation in the Keshen block were selected for uniform temperature testing. According to
the temperature distribution and morphology of the fracture fillings of different periods, there are two
mainly development periods of structural fractures in this area, combined with tectonic evolution. The
filling material of the first period is mainly muddy. The inclusions of the fracture filling material are
liquid phase, and the uniform temperature is about 40°C. The filling material of the second period is
mainly calcite, the inclusions are also liquid phase. The homogenization temperature is mainly 80-130°C

(Figure 5). Taking the unfilled structural fractures into account, there are at least three periods structural
fractures in the study area.
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Figure 5. The temperature measurement results of the inclusions of the fracture filling.

According to the analysis of core CT scan, carbon and oxygen isotope analysis of fracture fillings,
and the temperature measurement of inclusions, it is believed that the development periods of structural
fractures of the Bashijigike Formation in the Keshen block are three stages, combined with the structural
evolution history of the study area. The first period of structural fractures was formed in the late Yanshan
movement-early Himalayan movement, mainly developed near east-west extensional fractures, with
small openings. The fractures of the first period were basically filled with mud and gypsum. The uniform
temperature of the inclusions was 40°C, and the corresponding buried depth is 900m. The second period
of structural fractures was formed in the middle of the Himalayan movement, mainly developed NW-
SE, NEE-SW trending shear fractures. The fractures of the second period were semi-filled with
carbonate. The uniform temperature of inclusions is 80-130°C, and the corresponding buried depth is
mainly 3000-4000m. The third period of structural fractures was formed in the late Himalayas, mainly
developed near north-south shear fractures, with good effectiveness and high opening degree. The
structural fractures of the third period are mainly distribute in structural high parts, fault turning ends
and nearly secondary faults.

5. Conclusions

The fracture of the Bashijiqgike formation in Keshen gas field are dominated by high-angle oblique and
vertical fractures filled with calcite, the openings of which are mainly distributed between 0.05mm and
0.5mm.The apparent porosity of the fractures averages 0.04%, and the fracture strikes are mainly
northeast-southwest and northwest-south east.

There are three development periods of structural fractures in the Keshen block, which are the late
Yanshan movement and the early Himalayan movement (small number, filling degree) High), the middle
of the Himalayan movement (medium quantity, high filling level), and the late Himalayan movement.
Among them, the late Himalayan movement is the main development period of fracture. The
effectiveness of the fractures and the opening degree are highly, which is the key to stable production of
gas fields.
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