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Abstract: By integrating the analyses of core samples, thin sections, homogenization temperature measurement of inclusions, stable
isotopic compositions of carbon & oxygen, trace element composition, and conventional physical properties, this research identifies the
evidence of Lower Paleozoic hydrothermal fluid activity in the western Dongying sag of Bohai Bay Basin, quantitatively evaluates the
hydrothermal dissolution strength in various carbonate reservoirs, and analyzes the longitudinal distribution of effective fractures in res-
ervoirs. The markers of hydrothermal dissolution in the study area include the typical hydrothermal mineral combinations such as fluo-
rite-anhydrite-authigenic quartz combination, the homogenization temperature of inclusions in fracture fillings related to hydrothermal
fluid of up to 150 °C-210 °C, and the high FeO, high SiO,, high MnO and low Na,O features of carbonate in hydrothermal fluid karst
area. Dissolution of hydrothermal fluid can produce not only new fluorite mineral, but also many pores, micropores, small fractures and
micro-fractures, which significantly improve the quality of carbonate reservoirs. During the process of hydrothermal fluid dissolution,
calcite precipitated and filled structural fractures as the hydrothermal fluid dissolved host rock. As the hydrothermal fluid went up along
faults, its velocity and temperature dropped gradually, the intensity of dissolution and calcite filling differ significantly in different forma-
tions of the Lower Paleozoic, for example, the Fengshan and Yeli-Liangjiashan Formations have low fracture filling degree and highly
developed dissolved fractures and pores, whereas the Majiagou Formation has high fracture filling degree and poorly developed dissolved

fractures and pores.
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Introduction

In recent years, the domestic study of hydrothermal karsti-
fication mainly concentrated in the Tarim Basin and Ordos
Basin, previous studies systematically summed up hydro-
thermal Kkarstification characteristics, identification and de-
velopment mode, and qualitatively described the reconstruct-
ing effects of hydrothermal fluid on carbonate reservoirs!' 2,
but didnot do quantitative evaluation analysis. In addition, as
hydrothermal fluid flows along faults upward, the velocity
and temperature will change gradually, which will cause the
formation of “dissolution belts and permeability belts”, and
thus forming the heterogeneity of effective structural fractures
in Carbonate reservoirs, this has been seldom covered in pre-
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vious studies.

Previous buried hill exploration in Jiyang depression of
Bohai Bay Basin focused on karst reservoirs on “mountain
top” and has discovered a big batch of buried hill reservoirs,
including Renqiu, Qianmigqiao, and Gudao etc. But explora-
tion in inner buried hill has not made any major breakthrough,
scale exploration of buried hill has been stalled for years, and
prediction of favorable reservoirs is one of the key factors
restricting the exploration of inner buried hill. There develop
large sets of magmatic intrusive rocks in the Lower Paleozoic
of Bohai Bay Basin, in the process of magma intrusion,
hydrothermal fluid could corrode carbonate reservoir to form
effective inner buried hill reservoir, this has been paid little
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attention to and seldom covered in previous studies. Taking
carbonate rock of Lower Paleozoic in western Dongying sag
of Bohai Bay Basin as an example, features and identification
marks of deep hydrothermal karstification have been exam-
ined from the perspective of mineralogy element, geochemis-
try and fluid inclusion, on this basis, observation of core and
thin section, and results of conventional petrophysical analysis
have been used to qualitatively evaluate the reconstruction
degree of hydrothermal fluid on carbonate reservoir, and ana-
lyze the effect of thermal fluid velocity and temperature
changes on the vertical heterogeneity of reservoir.

1. Regional geological setting

Dongying sag is a combination Mesozoic and Cenozoic
fault depression in the southeast of Bohai Bay Basin, trending
NEE, with Archaeozoic and Paleozoic strata as basement.
Multi-phase magmatic intrusions and eruption events have
happened in the evolution process of the basin, mainly in
middle-late Mesozoic and the depositional stage of Cenozoic
Shahejie Formation™. Moreover, a large number of CO, gas
reservoirs of mantle-derived origin have been found in the
Lower Paleozoic of the western Dongying sag, as typical
abiogenic gas reservoirs in Bohai Bay Basin, the precipitation
of mantle-derived CO, gas is closely related to magmatic ac-

tivity'*,. The magma intrusion is strongly controlled by faults
in the study area, this can be seen from the fact that the main
distribution area of intrusive rock is on both sides of the
Gaoqing-Pingnan fault which cut through the basement (Fig.
1). Massive hydrothermal fluid carried by magma activity
could corrode carbonate reservoir of Lower Paleozoic,
causing the formation of large amount of pore and fracture
reservoir space in the inner carbonate buried hill. To study
systematically the corrosion characteristics of hydrothermal
fluid, identification marks and its transformation degree to
reservoir in this area, the core samples related to hydrother-
mal fluid action have been collected from Well Bg26, Bgl5,
Bgll, and Bg22 etc. In order to understand the association
characteristics of hydrothermal minerals, the mineralogical
features of these samples were observed under electronic
microscope. On this basis, homogenization temperature
measurement of inclusions and microelement analysis were
carried out on the samples. The samples in this research
were taken from Majiagou Formation of Lower Ordovician,
Fengshan Formation of Upper Cambrian, and Yeli-Liang-
jiashan Formation of Lower Ordovician, to eliminate the
interference of atmospheric fresh water leaching karstifica-
tion in Badou Formation of Middle Ordovician to the results
of the study.
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Fig. 1. Location and magma intrusion range of the study area.
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