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Abstract: The Bohai Bay Basin is one of the important hydrocarbon-bearing basins in eastern China, and its com-
plex reservoir-forming characteristics are closely related to modification by deep CO, injection and CO,-rich hydro-
thermal activity. A comprehensive analysis of the correlations among CO, content, 513C(102, and R/Ra indicates that
the CO, in the basin is primarily derived from CO, released by deep mantle-derived magmatic activity. Statistical a-
nalysis of CO,-bearing fluid inclusion data reveals a bimodal pattern in homogenization temperatures, suggesting
that the study area reservoirs have undergone multiple episodes of hydrothermal modification. Additionally, this
study summarizes various lines of evidence from petrology-mineralogy and geochemistry regarding the impact of hy-
drothermal activity on reservoirs. Petrological-mineralogical evidence includes typical hydrothermal minerals such as
ankerite, pyrite, chlorite, and dawsonite. In regions like the Bozhong Depression, Jiyang Depression, calcite in

reservoirs exhibits lower oxygen isotope values and positive Eu anomalies in rare earth elements, indicating a hydro-
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thermal origin. The modification of reservoirs by deep hydrothermal fluids shows significant spatial differences.

Near areas of deep hydrothermal activity, CO,-rich hydrothermal fluids significantly improve reservoir porosity and

permeability through dissolution and thermal baking effects, with the peak of dissolution-induced improvement oc-

curring at the leading edge of hydrothermal activity. In contrast, in areas far from deep hydrothermal activity, pre-

cipitation and cementation of authigenic minerals (e. g., dolomite, calcite, quartz) lead to reduced porosity and

permeability.

Key words: Bohai Bay Basin; CO,-rich hydrothermal fluid; mantle-derived CO,; reservoir modification; mineral

precipitation
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Fig. 1 Tectonic outline map of the Bohai Bay Basin (a, after Zhao Feiyu et al. , 2017; Miao et al. , 2020; Zhang
Gongcheng et al. , 2024) and stratigraphic column (b, after Wang Wei, 2023)
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Fig. 2 Diagrams of 5]3CCOZ—CO2 content (a) and R/Ra—3]3CCO2(b) of Bohai area (after Dai Jinxing et al. , 1994; Dai

Jinxing, 1995; Tian Lixin et al. , 2013; Zhao Feiyu et al. , 2017; Miao et al. , 2020; Yang et al. , 2020; Zhang Li et al. ,
2021; Hu Anwen et al. , 2023 ; Zhu Shibo, 2024 )
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a, b, ¢, d—photomicrographs of hydrocarbon-bearing CO, fluid inclusions in the QHD29-2 reservoir, Bohai Bay Basin; e—homogenization-tempera-

Bohai Bay Basin reservoirs (after Miao et al. ,

ture histogram of fluid inclusions from QHD29-2; f~—homogenization-temperature histogram of fluid inclusions from BZ19-6; g—homogenization-tem-
perature histogram of fluid inclusions from Well W16-2, Laizhouwan Sag; h—homogenization-temperature histogram of fluid inclusions from the Bonan

Sag
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Fig. 4 Typical hydrothermal mineral characteristics in the Bohai Bay Basin reservoirs (after Li and Li, 2017; Yang et al. , 2020;

Zhang Li et al. , 2021; Hu Anwen et al. , 2023; Li et al. , 2024)

a—Shang 850 H-, 2 997. 60 m, fLBRIE T4 H = A1 (IEZMWOG) ; b—QHD29-2 H,3 437 m, PR 20 ST 85 B8 H; c—Shang 547

3344.09 m FLBRFTHT A0 BT A BRI B A (IE3EE) 5 d—Chunl02 JF, 2 399 m, KILF #1&k R A 1k ; e—ihh 21/22-A JF il A 7

1511,4 408.6 m , #ILH A ; (—Bin 52,1 498.2 m, BkE = AT BN MIRR A s Q— A3, Ank—BRE =475 FeC—KTTHEA ; Chl—4%i2
A5 Daw—1IRHES A

a—pore-filling ferroan dolomite crystals, well Shang 850, 2 997. 60 m ( cross-polarized light) ; b—hydrothermal pyrite aggregates, well QHD29-2,

3 437 m (SEM image) ; c—pore-filling calcite, ferroan calcite and ferroan dolomite, well Shang 547, 3 344. 09 m ( cross-polarized light) ; d—chlori-
tized volcanic detritus, well Chun 102, 2 399 m; e—saddle dolomite, well Bozhong 21/22-A | Paleozoic Buried-hill section, 4 408. 6 m; f—ferroan

dolomite partially replacing dawsonite, well Bin 52, 1 498.2 m; Q—quartz; Ank—ankerite (ferroan dolomite) ; FeC—ferroan calcite; Chl—chlo-

rite; Daw—dawsonite
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Fig. 5 Carbon and oxygen isotopic ratios of calcite cements
in reservoir rocks of the Bohai Bay Basin (after Li Jiyan
et al. , 2016; Hou Zhongshuai et al. , 2019; Yang et al. ,
2020; Zhang Li et al. , 2021; Zhu Shibo, 2024; Ye et al. ,
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Fig. 8 Relationship diagram of intrusive body thickness and
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upper metamorphic zone thickness in the Bohai Bay Basin and

adjacent areas( after Li Wenke et al. , 2024)
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Fig. 9 Profile model of mantle-derived CO, formation in deep tectonic settings (a) and conceptual model of hydrothermal

alteration of reservoir quality (b) (after Miao et al. , 2020; Du Xiaofeng et al. , 2024)

I DT 5 K 2 AN G T A5 AR R ) 1 1 A
58 (Miao et al. , 2020) , & CO, PR LT ¥ /R
FHG A 2 B FL IR B 192 i M (R IR IR AT 2024) 5
A B AR TR A M I A s R E
(ZE3CRFE, 2024)

TRFB A VA it — A g Lo A FH L i 3 o vk A fL
Bl P 1 5 B M 4 A A, B2 T 502 LB Fnis
BRFA W E AR B PR 258 A REAIC TR
FEE B REAR S CO, &t M RRAIR, BT ST B A AR
Hof A A S50 Y Ui sE e 45, it 29
PEA PTREAR . DR R AR o 5 B E BRI 3% B i
BT IR BN (&1 9b) .

(1) M M CO, AR R WAL, 6"C,, 1H
—8%0 %S 2%oF) FCHLAC IR 32 24 v 7 B BH 340 4 Fn i o
M, 53— 87 Co, AL T —~34%0 % ~12%0, F 5
FESLARVE WA 43 A0, A WL IR . U BH 34 B A o
¥l B9’ He/*He {H (R/Ra) ¥ K T 2, thiF 52 H
CO, JJ 5 J T SRR e A Ui

(2) BRI M D REA %A S A H
TR A0 Tr il gk e A SRR ) SRR
PRFAIBOI AR FH R S 1 4 v TR 9 BT A )2

HLRE B T i A1 80 {EL/INT ~ 10%o, Fii 1705 HH B
SEu IESH HUAFAE )2 Hh A U 1A ) A 2 — T B2
P XUERL” W] T MR Z B T 2 IR AR R
PRIE SRR

(3) TS F 3t R AR AT Bl i 3R
W HEARRZ W E R T R A0 AR LB 4
g FEIT T CO, PR At 2 450 et gt Mt e
U TEIE IR RS CO, BB A B AR)Z th TR
W YIULTE S EUHE I TR

References

Anders E and Grevesse N. 1989. Abundances of the elements: Meteoritic
and solar[ J]. Geochimica et Cosmochimica Acta, 53(1): 197 ~
214.

Ballentine C J, Schoell M, Coleman D, et al. 2000. Magmatic CO, in
natural gases in the Permian Basin, West Texas: Identifying the re-
gional source and filling history[ J]. Journal of Geochemical Explora-
tion, 69~70; 59~63.

Bezerra F H, Balsamo F, Corsi G, et al. 2021. Hydrothermal silicifica-
tion in the intraplate Samambaia seismogenic fault, Brazil; Implica-
tions for fault loss of cohesion and healing in rifted crust[J]. Tec-

tonophysics, 815 229002.



5511

T IS MR CO, RIS IR S 2 1 i 1 133

Cheng X H, Ling M X, Li X J, et al. 2024. Chlorite, quartz and pyrite
trace element behavior during Cu mineralization in the Hongshi de-
posit, NW China: Implications for hydrothermal fluid evolution and
ore genesis[ J]. Ore Geology Reviews, 169 106100.

Chi Yingliu and Zhao Wenzhi. 2000. Strike-slip deformation during the
Cenozoic and its influence on hydrocarbon accumulation in the Bohai
Bay Basin[ J]. Acta Petrolei Sinica, 21(2); 14~20 (in Chinese
with English abstract) .

Cui G S, BaoZ W, Li Q, et al. 2024. Origin of hydrothermal dolomitiza-
tion in the Huize Zn-Pb ore district, SW China: Insights from in situ
U-Pb dating, fluid inclusion, and C-O-Sr-Mg isotope analyses[]].
Ore Geology Reviews, 173 106250.

Dai Jinxing. 1993. Carbon and hydrogen isotope characteristics of natural
gas and identification of various types of natural gas[ J]. Natural Gas
Geoscience, 2(Z1): 1~40 (in Chinese).

Dai Jinxing. 1995. Abiogenic gas in oil-gas bearing basins in China and
its reserviors[ J |. Natural Gas Industry, 15(3): 22~27, 106 (in
Chinese with English abstract) .

Dai Jinxing, Song Yan, Hong Feng, et al. 1994. Inorganic carbon diox-
ide gas reservoirs and their characteristics in east past China[ J].
China Offshore Oil and Gas, 8(4): 3~10 (in Chinese with English
abstract ) .

Du Xiaofeng, Zhang Shangfeng, Guan Dayong, et al. 2024. Effect of
thermal fluid activity on reservoirs in W16 sructure of Laizhou Bay
Sag, Bohai Bay Basin[ J]. Earth Science, 49(10) . 3 459 ~3 470
(in Chinese with English abstract) .

Falkenberg J J, Keith M, Haase K M, et al. 2024. Pyrite trace element
proxies for magmatic volatile influx in submarine subduction-related
hydrothermal systems[ J]. Geochimica et Cosmochimica Acta, 373
52~67.

Fox-Powell M G, Channing A, Applin D, et al. 2018. Cryogenic silicifi-
cation of microorganisms in hydrothermal fluids[ J]. Earth and Plan-
etary Science Letters, 498 1~8.

Fu Mao. 2023. The Genesis, Distribution, and Tectonic Processes of
Buried Volcanoes in the Late Mesozoic Around the Bozhong Depres-
sion, Bohai Bay Basin [ D]. Changchun: Jilin University (in Chi-
nese) .

Gao Yanfei, Wang Deying, Yang Haifeng, et al. 2023. Classification and
its differential reservoir control effects of structural transition zonein
the southeastern Bohai sea[ J]. China Offshore Oil and Gas, 35

(6): 23~34 (in Chinese with English abstract) .

Guo Lingzhi, Shi Yangshen and Ma Ruishi. 1983. Formation and evolu-
tion of active continental margins and island arcs in the Western Pa-
cific during the Mesozoic and Cenozoic[ J]. Acta Geologica Sinica,
57(1): 11~21 (in Chinese with English abstract) .

Hou Guiting, Qian Xianglin and Cai Dongsheng. 2001. The tectonic evo-
lution of Bohai Basin in Mesozoic and Cenozoic Time[ J]. Peking
University Journal ( Natural Science Edition) , 37(6) ; 845~851 (in
Chinese with English abstract).

Hou Zhongshuai, Chen Shiyue, Liu Huimin, et al. 2019. Hydrothermal
fluid activity and its hydrocarbon geological significance in Dongying
depression[ J]. Journal of China University of Mining & Technology,
48(5): 1 090~1 101 (in Chinese with English abstract).

Hu Anwen, Wang Feilong, Wang Guangyuan, et al. 2023. The origin of
CO,, and its influence on oil and gas accumulation in Bozhong 21-22
structure in the Bozhong Sag, Bohai Bay Basin[ J]. Natural Gas Ge-
oscience, 34(12) . 2 151 ~2 159 (in Chinese with English ab-
stract ) .

Hu Zhiwei, Lii Dingyou, Wang Deying, et al. 2023. Deformation charac-
teristics of critical tectonic periods during pre-Cenozoic and signifi-
cance of buried hill hydrocarbon accumulation in the Bohai sea area
[J]. China Offshore Oil and Gas, 35(1): 50~62 (in Chinese with
English abstract) .

Lei W Z, Chen D X, Cheng M, et al. 2025. Combined use of petroleum
inclusion analysis, PVT simulation, and basin modeling for recon-
struction of deep fluid phase evolution in condensate gas reservoirs
[J]. Marine and Petroleum Geology, 171 107210.

Li CM, Zeng ] H, Wang M Y, et al. 2024. Influence of magmatic intru-
sion on abnormal hydrocarbon generation and expulsion of source
rock: A case study of the Dongying Sag, Bohai Bay Basin[ J]. Acta
Geologica Sinica—English Edition, 98(5): 1 322~1 337.

Li F Land Li W S. 2017. Petrological record of CO, influx in the Dongy-
ing Sag, Bohai Bay Basin, NE China[J]. Applied Geochemistry,
84, 373~386.

Li Jiyan, Wang Yongshi, Liu Chuanhu, et al. 2016. Hydrothermal fluid
activity and the quantitative evaluation of its impact on carbonate res-
ervoirs: A case study of the Lower Paleozoic in the west of Dongying
sag, Bohai Bay Basin, East China[J]. Petroleum Exploration and
Development, 43 (3): 359 ~ 366 (in Chinese with English ab-
stract ) .

Li Sanzhong, Liu Jianzhong, Zhao Guochun, et al. 2004. Key geochro-

nology of Mesozoic deformation in the eastern block of the North Chi-



134 =

fi W e R OE

545 4%

na Craton and its constraints on regional tectonics; A case of Jiaodong
and Liaodong Peninsula[ J]. Acta Petrologica Sinica, 20(3) ; 633~
646 (in Chinese with English abstract).

Li Sanzhong, Zhang Guowei, Zhou Lihong, et al. 2011. The opposite
Meso-Cenozoic intracontinental deformations under the super-conver-
gence: Rifting and extension in the North China Craton and shorten-
ing and thrusting in the South China Craton[ J]. Earth Science Fron-
tiers, 18(3): 79~107 (in Chinese with English abstract).

Li Wenke, Wu Xiaozhou, Li Yandong, et al. 2024. Igneous intrusion
contact metamorphic system and its reservoir characteristics; A case
study of Paleogene Shahejie Formation in Nanpu sag of Bohai Bay
Basin, China[ J]. Petroleum Exploration and Development, 51(2) :
285~298 (in Chinese with English abstract).

Liu CY, Li HY, Shan X L, et al. 2023. Development mechanism of
metamorphic fractured reservoirs in the Bozhong area, Bohai Bay Ba-
sin: Implications from tectonic and magmatic hydrothermal activities
[J]. Geoenergy Science and Engineering, 229 212030.

Liu Quanyu, Dai Jinxing, Jin Zhijun, et al. 2009a. Geochemistry and
genesis of natural gas in the foreland and platforni of the Tarim Basin
[J]. Acta Geologica Sinica, 83(1): 107~ 114 (in Chinese with
English abstract) .

Liu Quanyu, Jin Zhijun, Gao Bo, et al. 2009b. Origin of sour gas in the
Northeastern Sichuan Basin and fate action of thermochemical sulfate
reduction (TSR) to Natural Gas[J]. Acta Geologica Sinica, 83
(8):1195~1 202 (in Chinese with English abstract).

Liu Quanyu, Zhu Dongya, Meng Qingqiang, et al. 2019. The scientific
connotation of oil and gas formations under deep fluids and organic-
inorganic interaction[ J ]. Science China Earth Sciences, 49 (3):
499 ~520 (in Chinese with English abstract).

Ma P J, Lin CY, Jahren J, et al. 2021. Cyclic zoning in authigenic sad-
dle dolomite-ankerite: Indications of a complex interplay between
fault-rupturing and diagenetic alteration [ J ]. Chemical Geology,
559 119831.

Maciel I B, Balsamo F, Bezerra F H R, et al. 2024. Hydrothermal silici-
fication along rift border faults in the Rio do Peixe basin, Brazil[ J].
Marine and Petroleum Geology, 168 107025.

Mao Xiang, Luo Lu, Wang Xinwei, et al. 2020. Distribution characteris-
tics of Cenozoic volcanic rocks and its geothermal exploration poten-
tial in Bohai Bay Basin[ J]. Modern Geology, 34(4) : 858 ~864 (in
Chinese with English abstract) .

McLennan S M. 2001. Relationships between the trace element composi-

tion of sedimentary rocks and upper continental crust[ J]. Geochem-
istry, Geophysics, Geosystems, 2(4) : 154~155.

Menezes C P, Bezerra F H R, Balsamo F, et al. 2019. Hydrothermal si-
licification along faults affecting carbonate-sandstone units and its im-
pact on reservoir quality, Potiguar Basin, Brazil[ J]. Marine and
Petroleum Geology, 110: 198~217.

Miao Q Y, Xu C G, Hao F, et al. 2020. Roles of fault structures on the
distribution of mantle-derived CO, in the Bohai Bay basin, NE China
[J]. Journal of Asian Earth Sciences, 197 104398.

Palhano L. C, Nogueira F C C, Marques F O, et al. 2023. Influence of
hydrothermal silicification on the physical properties of a basin-
boundary fault affecting arkosic porous sandstones, Rio do Peixe Ba-
sin, Brazil[ J]. Marine and Petroleum Geology, 148: 106062.

Shan Xuanlong, Wang Wei, Zhang Xintao, er al. 2023. Geological model
and construction process of the Mesozoic volcanic edifices in Bozhong
Sag, Bohai Sea[ J]. Oil & Gas Geology, 44(3) : 675~688 (iin Chi-
nese with English abstract) .

Tan Ze, Luo Jinglan, Zhao Yan, et al. 2025. Hydrothermal fluid activity
in the Gulong sag, Songliao basin, and its geological significance:
Evidence from the shale of the Qingshankou Formation[ J]. Acta
Geologica Sinica, 99(2): 551 ~567 (in Chinese with English ab-
stract ) .

Tian Lixin, Yang Haifeng, Wang Deying, et al. 2013. Study on genesis
of high contents of CO, and hydrocarbon accumulation period in Pa-
leogene, Bohai Sea: An example in Q oil-gas field of Qinnan Sag
[J]. Journal of Central South University ( Science and Technology) ,
44(2) . 673~678 (in Chinese with English abstract).

Wang Deying, Liu Xiaojian, Deng Hui, et al. 2022. Characteristics of
the Meso-Cenozoic tectonic transformation and its control on the for-
mation of large-scale reservoirs in the Archean buried hills in
Bozhong 19-6 area, Bohai Bay Basin[ J]. Oil & Gas Geology, 43
(6): 1334~1 346 (in Chinese with English abstract).

Wang T, Zhang Y M, Zhang Y S, et al. 2024. Quartz fluid inclusions
and trace elements in the Lailisigaoer porphyry Mo deposit, Western
Tianshan, Xinjiang: Fluid evolution and metallogenic mechanism in
magmatic-hydrothermal system [ J ]. Ore Geology Reviews, 169.
106081.

Wang Wei. 2023. Research on the Tectonic Evolution and Fracture De-
velopment Characteristics of the Proterozoic Metamorphic Rock Bur-
ied Hills in the Bohai Sea Area [ D]. Changchun: Jilin University

(in Chinese) .



5511

T IS MR CO, RIS IR S 2 1 i 1 135

Wang W Z, Huang X, Chen S, et al. 2024. Geochemical characteristics
of sediments in the southern Mid-Atlantic Ridge indicate hydrother-
mal activity; Evidence from rare earth elements[ J]. Marine and Pe-
troleum Geology, 168 107041.

Xu C G, Wang Q B, Zhu H T, et al. 2024. Hydrothermal alteration
mechanisms of an Archaean metamorphic buried hill and the models
for reservoir zonation, Bozhong depression, Bohai Bay Basin, China
[J]. Marine and Petroleum Geology, 164 106843.

Yang T, Cao Y C, Liu K'Y, et al. 2020. Formation of zoned ankerite in
gravity-flow sandstones in the Linnan Sag, Bohai Bay Basin, eastern
China; Evidence of episodic fluid flow revealed from in-situ trace ele-
mental analysis[ J]. Marine and Petroleum Geology, 113: 104139.

Yao Z X, Ren Z, Han W W, et al. 2024. Non-magmatic sulfur source of
hydrothermal colloform pyrite: Insights from the Jinshandian iron
skarn deposit, Daye district, Eastern China[ J]. Journal of Asian
Earth Sciences, 259. 105907.

Ye T, Chen A Q, Yang H F, et al. 2024. Tectonism and fraciure-related
dissolution induced the formation of the large-scale metamorphic
granite reservoir: Implications from Bozhong 26-6 Precambrian bed-
rock trap, offshore Bohai Bay basin, Northern China[J]. Marine
and Petroleum Geology, 160: 106593.

Yu L, Wu K Q, Liu L., et al. 2020. Dawsonite and ankerite formation in
the LDX-1 structure , Yinggehai basin, South China Sea: An analogy
for carbon miineralization in subsurface sandstone aquifers[ J]. Ap-
plied Geochemistry, 120 104663.

Yu Zhichao, Liu Li, Sun Xiaoming, et al. 2012. Evidence of Paleogene
thermal fluid activities and their impact on porosity-permeability of
reservoir in Qikou Sag[ J]. Journal of Jilin University ( Earth Science
Edition) , 42(S3): 1~13 (in Chinese with English abstract).

Zeng Jianhui. 2000. Thermal fluid activities and their effects on water-
rock interaction in Dongying sag[ J]. Earth Science—Journal of Chi-
na University of Geosciences, 25(2): 133~136, 142 (in Chinese
with English abstract) .

Zhang Gongcheng, Tong Dianjun, Chen Kai, et al. 2024. Tectonic evo-
lution and source rocks development of the super oil-rich Bohai Bay
Basin, East China[ J]. Petroleum Exploration and Development, 51
(5): 1008~1 023 (in Chinese with English abstract).

Zhang Li, Zhang Xintao, Liu Yimeng, et al. 2021. Evidence of deep flu-
id and its influence on gas reservoiring in Bohai Sea: Case study of
QHD29-2/2F Oilfield[ J]. Natural Gas Geoscience, 32(5): 633 ~

644 (in Chinese with English abstract).

Zhao Feiyu, Jiang Suhua, Li Sanzhong, et al. 2017. Correlation of inor-
ganic CO, reservoirs in East China to subduction of ( Paleo-) Pacific
Plate[ J]. Earth Science Frontiers, 24(4): 370~384 (in Chinese
with English abstract) .

Zhou Lihong, Li Sanzhong, Liu Jianzhong, et al. 2003. The Yanshanian
structural style and basin prototypes of the mesozoic Bohai Bay Basin
[J]. Progress in Geophysics, 18(4): 692~699 (in Chinese with
English abstract) .

Zhu Dongya, Meng Qinggiang, Jin Zhijun, et al. 2012. Carbonate reser-
voir rock of composite genesis and its dynamic developing process:
An example from Tahe carbonate reservoir[ J]. Natural Gas Geosci-
ence, 23(1): 26~35 (in Chinese with English abstract).

Zhu Dongya, Zhang Dianwei, Liu Quanyou, et al. 2015. Dynamic devel-
opment process and mechanism of dolomite reservoir under multi-flu-
id alterations[ J]. Natural Gas Geoscience, 26(11); 2 053 ~2 062
(in Chinese with English abstract).

Zhu Shibo. 2024. Characteristics of hydrothermal fluid activity and its pe-
troleum geological significance in Jiyang Depression[ J]. Unconven-

tional Oil & Gas, 11(2);: 21 ~28 (in Chinese with English ab-

stract ) .

Bt 32 2% STk

HTEHD, SR . 2000, I T AR AR A VR s S AR A
[J]. AihaEdR, 21(2) : 14~20.

AR 1993, RAKRE R RN R RATER[I]. KA
S HERRLY, 2(Z1) : 1~40.

WAk 1995, P A LRI S RS T]. KRR
Tk, 15(3) : 22~27, 106.

LU e, 4E 1994, T EZRESEHLALEAE () A ALk
AR BMILRHEL ). T EE LA (MR | 8(4) : 3~10.

FEIgIGE TR, BORTT, 45 2024, BV AN S NG W6 #y
TP RIE S Z HOEE 1], HBRBE, 49(10) ; 3 459~
3 470.

Al 2023, Wi b PR i) o 1T e DX A IR 1 ) R
A 55070 R HME A D], K&, HARRE.

REE R, EAEYE, IR, S 2023, S A i SR A 2
PR T ERAEI[I]. I LR, 35(6) : 23~34.
SRAE TS H, ShE. 1983, P ORSERER B AR ACTE SOk b 2
AT G AR IR AR T ] e, 57(1) : 11~21.
FESEE, RFEIE, SKARTE. 2001 S A b AR AR i AR B



136 F=

i 9

2,
k&

545 4%

FLI]. AR ARBAR) |, 37(6) : 845~851.
erpih, BRTEGE, XUEEES, %5 2019. 787 1954 AR 1R 3 30 B H i
AU L], PEE AR, 48(5)
W23, E /e, FSUR, S 2023, BhEEE b v I RE R 21-22
FIE X CO, B R XM A IR A SE I [ 1], RIRSHBRFL
34(12); 2 151~2 159.
WA, BT, TAE¥, S5 2003, BRI HT LA O DA
RRAAE UL OECR T ], ERE IR, 35(1) : 50~62.
Ak, FOkEF, XERE, 2. 2016, PR R 3I B H R BR L A
it E B0 8 B PP —— LA TS S R B R PR T A
HBILT]. ARSI K, 43(3) : 359~366.
2Rl XL, B, 2 2004, SEACTERE R IR b A AR AR
T 11 St BIR B HC o #4314 1) 9 —— LA AT S X R Bl [ )]
AR, 20(3) ; 633~646.
=R sRES, RS2, 45 2011, BRI R 5 R Mk

1090~1 101.

W2 R . Aedb R AR e R B R ol [ T]. Hi“FRTZ%, 18
(3): 79~107.
ZECRE, RN, ZEHAR, 25 2024 BT AL KON 1R A il AR

T R 58 B A R AE—— AR R M 1t 0 3R v 5 4 A )
A S F %, 51(2) : 285~298.

XEH, WaeR, £28, %. 2000, B ARGk X MG # XK
S HER L AE R AE BSR4, 83(1)
XA, &8, B, F 2009, R X Bk R F o,
S TSR AT )], MBS, 83(8) :
XA, KRR, dRH, 45, 2019, VI LA HL-JCHLA T4
AR SEAR R ], T ERE . R, 49(3)

107~114.

1 195~1 202.

499 ~520.
E M, OB TEEE, . 2020, BV AT AR Ol E A TR
FRAE R HCH AR T [T, BURHBST, 34(4) : 858~864.

TR, T OB, SRR, 4. 2023, BRI b MR AR S Al
B b B R v s RE ()] A RIR ST, 44(3) : 675
~688.

WOV, BERL B ME, S 2025, AT AH T R MG PG A B
B A R L — [ W O LTS Th A UER[ 1], M B4R
99(2) ; 551~567.

HSLHT, BiER, Y, 4. 2013, MM T 28 i A i o B
CO, IR KT 5T . LIZERSIVIRG Q I Bl [J]. rhg
REAZEMR (A IRBIERR) , 44(2) : 673~678.

FAERE, XIBefd, X5 ORE, S5 2022, EHIEIS MR 19-6 Kb -
PR 38 R e oA vl 2 08 L O HUASE 22 T 1 4% 1 7

ML) AlS KRS, 43(6)

FOR. 2023, EhEHERUR TR BUA W LA T A MO RE R E
FRHERFIE[ D). KFF. HMRE

TR, X Sz, PMBE, 4. 2012, 170 IR T T 20 AR RS B
RS MR ZIPER R [ ], MO F 224l (HBER B )
42(83): 1~13

BE W HE. 2000, AR VB AT R T B0 B %t oK — 5 A B4 5 )
[J]. HbBRRLE,

I, BB, B

1 334~1 346.

25(2)
B, 5. 2024 TG AR i Ak R
REIEEKE]. ARSI L, 51(5):
skBE SKHRE, XU, S 2021, BRI A R AR AR YR
I8 B H R R X —— A% 5L 29-2/2F il I A AL ].
FARSHIRFLF | 32(5) : 633~644.
WA R A M 2017, HEZRITEHL CO, AUHS (F)
KAV PERCEARF IR )], M2, 24(4) : 370~384.

L XUHESE, 2. 2003, RS 70 b X HE LU 0T R T R AE
HIEAIZH[)]. HIRYEEHERE, 18(4) @ 692~699.

SRR, KMk, 28, 4. 2012, EARINREREE 652 K 3
BRE ER—LRUE I X P R kMRS W O[], RAS
HhERELE, 23(1) . 26~35.

SRR, B, XI4A, 4. 2015, ZREEER TN E ZH 2

HARRMBLHIT]. KRR TIBERRL:, 26(11) : 2 053~2 062.

AU, 2024, B FH A BORR TE Bl RRAE B Hh A T LT ]

e HIMA, 11(2): 21~28.

133~136, 142.

1 008~1 023.

JHr 7

\f





