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Abstract: Objective: Fluid inclusions are microfluids trapped within mineral crystals during their growth. These fluid droplets
are the only direct observational samples which can invert the physicochemical condition and trace back its source as well as
reveal the origin of mineral deposit. In order to comprehensively understand the petrographical, thermodynamic data on and
compositional characteristics ofthe included fluids and what they imply for the history of mineralizing fluid evolution. Met hods:
To make a systematic and detailed division of fluids, use the petrographic division; analyze various microscopic thermometric
data. Use laser Raman spectrum detection technology fordetection, follow isotope tracing to track its movement, precipitation,
etc., with the mass balance method, thermodynamic state equation method; Results: Temperature, Salinity Evolution of
Inclusions has the same trend of uniform evolution, it is very accurate to display the mineralization dynamics process such as
cooling, boiling (non-miscible), fluid mixing etc. in the fluid system; Volatile Componentsand Trace Element Composition can
reflect the transport and precipitation way of metal complex. Concusions: Fluid inclusion can play an important role of divide
the stage of mineralizing, it also can be called "Mineralization Phaze indicator" which give its microfluric Dynamic evidence to
prove at mining deep drilling when build a regional scale model of mineralized zone: It is inevitable that the site multiple scale
andmultiple methodanalyses of fluid inclusions, if we wantto know about how these minerals form fluids evolvesin the future.

KeyWOI‘dS: Fluid inclusions, Mineralizing fluids, Fluid evolution, Mineralization mechanism.

metamorphosis, then the matter composition and overall

1. Introduction density inside those inclusions should be basically constant.

In the current modern system of mineral deposit and . . .
geochemistry research, the ore forming fluid is the important 2. Basic Types of Fluid Inclusions and

connection between the deep material circulation of our Petrogl‘aphic Characteristics

planet and the shallow part where we find element . . . .
concentrations. The entire mineralization process—from the 2.1. Classification of Inclusion Formation and

initial extraction of metals from source rocks, through their Inclusion Age Indication

long-distance migration along geological conduits, to their Inclusion formation classification is a requirement in order
eventual precipitation under specific physico-chemical to do all the microscopic thermodynamic and composition
conditions—is intrinsically linked to the properties and analysis. The space distribution pattern of inclusion in
dynamic evolution of ore-forming fluids [1]. But because of ~ mineral crystal is actually recording the sequence relationship
the un reversibility and very long duration of geological between fluid activity time. As far as the origin is concerned,
processes, geologists cannot directly sample ancient ore- fluid inclusion is divided into primary inclusion, secondary
forming fluids. Luckily enough, when major rock mineral inclusion, pseudo-secondary inclusion [3]. The Primary
crystals or recrystallized quartz, calcite, fluorite and so on, Inclusions are formed during the crystallization & Growth
they always bring some tiny cracks or lattice defects for very process of Minerals where the fluid got entrap into the growth
few liquid medium to occupy, thus forming the closed fluid face of crystals, Lattice defect or because of Uneven growth
inclusion [2]. And those inclusions were called “Microscopic rate causing empty space. It mostly happens when they show
Ancient Fluid Cells”, and after that geological history, if the up singly or in a line alongside certain growth areas of
main mineral hasn’t had great plastic deformity or advanced minerals.
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Table 1. Classification of Fluid Inclusions Causes and Their Microscopic Discrimination Criteria

Spatial Distribution & Morphological

Inclusion Type Features

Isolated, randomly scattered; or clustered
without preferred orientation; or aligned

Primary linearly along growth zones (e.g.,
oscillatory zoning, sector boundaries)
Linear arrays confined within the crystal
Pseudo- interior, following narrow, healed
Secondary (or microfractures that terminate before
“Quasi- reaching crystal margins; often associated
Secondary”) with growth bands or deformation
lamellae
Bead-like or string-of-pearls alignment
along well-defined, cross-cutting healed
Secondary fractures; fractures commonly traverse

grain boundaries, multiple crystals, or
host-rock matrix

2.2. Classification of Inclusion Composition
and Phase State

Phase compositions and volumes ratios of fluid inclusion
at room temperature, which is generally about 20°C - 25°C.
This is the most direct expression of the overall system's
composition and the density of liquid. According to the phase
characteristic of inclusions under RT, they are generally
divided into liquid rich aqueous solution Inclusion, Gas-Rich
Inclusions, Puregas/pureliquid Inclusions, multiphase
inclusion and its parentminerals As far as others are
concerned, they account for most of them; mainly it involves
systems where NaCI-H20 has the dominant part of M-L
salinity type [4]. As well as in Shallow Hydrothermal System
which contains these types of Gold minerals and also near the
surrounding of Porphyryic In terms of gas inclusion, there are
many rich gas inclusions (bubble volume > 70%) at the early
stage of magmatic hydrothermal system or under strong
boiling condition, and the main component is water vapor or
some other volatile components such as co2, ch4, etc.

3. Thermodynamic Parameters of
Fluid Inclusions and Metallogenic
Physical-Chemical Environment

3.1. Homogenization Temperature and
Metallogenic Thermodynamics
Background

Homogenization temperature (Th) is the most basic and
important thermodynamic parameter in the microscopic

temperature measurement of fluids inclusion. The minimum
tempreture of artificial heat so as to make it such that all is

Temporal Relationship with

Trapped contemporaneously
with crystal nucleation and
growth; represent the in situ

Formed by transient fracturing
and rapid resealing during
active crystallization, under
tectonic stress or volume strain

Generated after host mineral has
fully crystallized and solidified;
result from post-crystallization

brittle deformation and
subsequent fluid infiltration

restored into 1 phase, the gasand all internal liquids and solids.

Theoretically, if the ore-forming fluid is in the boiling state of
coexistence of gas and liquid when captured, then the
measured homogenization temperature in the laboratory is
equal to the actual capture temperature of the ore-forming
fluid (Tt). But mostly itisin one phase where fluid is captured
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Genetic and Metallogenic
Significance
Preserve the composition, salinity,
density, and temperature of the
original ore-forming fluid, critical
for reconstructing the main
mineralization event
Record fluid pulses coeval with
mineral growth, reflecting episodic
fluid influx, pressure fluctuations,
or syn-mineralization deformation
— key to understanding ore-fluid
dynamics
Indicate late-stage hydrothermal
overprinting, non-ore-related fluid
circulation, or alteration events —
useful for distinguishing primary
mineralization from superimposed
modification

Host Mineral Growth

fluid during mineral
precipitation

and the pressure at which the fluid was captured (Pt) needs to
be more than the saturated vaporpressure of fluid at that temp.
(Ph). Because the mineral’s cooling contraction is much less
than fluid's volume, so there is gas bubble appearin the fluid
inside of inclusion when we cool down to room temperature
[5]. Therefore, to obtain the actual ore-forming temperature,
the homogenization temperature must be pressure-corrected.
In terms of the thermodynamic deduction ofthe metallogenic
physical-chemistry, it depends on this temperature and
pressure for coordination. The simplest formula of pressure
correction (Formula 1), we could write it like this: P=Ph+(Tt-
Th)*(dP / DT)v. Where P refers to the actual capture pressure
of the fluid; Ph is the saturated vapor pressure of the fluid at
the homogenization temperature; Tt is the actual capture
temperature; Th is the measured homogenization temperature;
dP /dT V is the rate of pressure change for the fluid System
with respect to Temperature at Constant Volume (Isochore
Line). The salinity is an important parameter in fluid that
determine the coordination forms, solubility and mobility of
the metal element. It is generally given as the weight percent
of sodium chloride equivalent (wt% NaCl eqv.) The salinity
of fluid inclusions is estimated largely indirectly from the
measurement of Tm or Ts of the ice and sub-micron minerals
melted on amicroscopic cold-hot stage [6]. For water solution
inclusion without sub — minerals, the salinity is calculated by
the classical thermodynamic empirical equations. For
example, following the classic fluid inclusion salinity
empirical formula put forth by Bodnar (Formula 2) Salinities
can be determined from: W = 0. 00+1.78 * Tm - 0. 0442 *T
m 2+0. 000557* Tm 3 W is salinity (wt %NaCl eqv.) When
there’s lots of CO2 around to make cages, we need to melt
those cage-like things and change the amount of salt to
calibrate it. Get the uniform temperature and salinity, then get
the overall density ofthe ore-forming fluid by combining with
the state equation (EOS) of the H20-NaCl system. In terms
of studying the evolution path ofore-forming fluid, and in all
kinds of Th - Salinity scatterplots, it can be seen more clearly.



Table 2. Methods for Estimating Microscopic Thermodynamic Parameters of Fluid Inclusions and Geological Significance

Thermodynamic
Parameter

Homogenization

Temperature (Th)

Salinity (wt%
NaCl equiv.)

Fluid Density
(g/em?®)

Trapping Pressure
(Pt, MPa)

Measurement or Estimation Method

Observed microscopically as the
temperature at which vapor bubbles (or
daughter minerals) fully homogenize
into the liquid phase during heating on
a calibrated heating—freezing stage
Derived from measured ice-melting
temperature ™, clathrate dissociation
temperature, or gypsum dissolution
temperature using empirical
calibrations and phase diagrams

Computed by inputting Th and salinity

into experimentally validated equations

of state (e.g., PVTx models for H.O—
NaCl or H:O—CO>—NaCl)

Determined by intersecting calculated
isochores (from Th-salinity—EOS) with
independent geobarometric constraints
(e.g., coexisting mineral equilibria) or
via boiling-curve fitting where
applicable

System Constraints

Valid only if inclusions retain
original trapping conditions;
requires absence of post-
entrapment leakage or re-
equilibration
Applicable to H2O—NaCl, H-O—
CO>—NaCl, or multi-component
brine systems; accuracy declines
beyond ~25 wt% NaCl or with
complex volatile content

Assumes fluid inclusion volume
remains constant (isochoric
behavior) since entrapment;

sensitive to correct EOS selection

and compositional assumptions

Requires reliable estimate of true
formation temperature (Tt) or
confirmation of boiling behavior;
invalid if inclusions experienced
stretching or necking

Geological Significance for Ore-
Forming Fluid Evolution
Constrains the minimum trapping
temperature; maps thermal
evolution of hydrothermal systems
and identifies cooling trends across
mineralization stages
Tracks ligand availability (e.g., Cl',
CO3) critical for metal complex
stability; discriminates between
mixing (e.g., meteoric—brine),
boiling, or evaporation events
Reflects buoyancy forces driving
fluid migration; constrains paleo-
fluid pressure gradients and
estimates minimum ore-forming
depth (via density—pressure—depth
relationships)
Reconstructs paleo-fluid
overpressure conditions;
distinguishes lithostatic vs.
hydrostatic regimes—key for
evaluating structural control on

4. Characteristics of Fluid Inclusion
Components and Their Indications
for Ore-Forming Mineral Sources

4.1. Raman Spectroscopy of Gas-Liquid
Components and Group Composition
Analysis

The ore-forming fluid is not an aqueous solution, it’s a
super-critical fluid or a hydrothermal system which contains
various volatile substances like CO2,CH4, N2, H2S, and also
a lot of ore-forming metal complexes. With the introduction
of laser raman spectroscopy (LRM) we can now do no
destructve qualitave and almost semiquantitive analysis on
what is in an individual micro meter sized inclusion. In the
fluid inclusion of orogenic gold deposit, Raman frequently
sees extremely high amount of CO2 and trace quantity of CH4
as well as N2 in the rich gas phase. It shows that this low-
saline CO2 -filled fluid has some characteristics similar to
thatitis fingerprint of typical deep metamorphic fluids which
have big influence on maintenance and steady situation of
Au's S-H bond compound Au (HS)2-. Fluid quickly rises
towards the fracture zone and a large drop in pressure is
observed. Due to the massive release of CO2, there will be an
extreme fluctuation in pH value of the fluid, this directly
results in a fast precipitation of gold [7]. In addition to this,
by applying the group inclusion extraction method together
with GC-MS or IC analysis, one can get a sense of how much
each kind ofion like halide (F-, Cl -, Br-) and sulfate is present
in your fluid. Because there is an obvious difference in C1/Br
ratio from various fluid sources like magmatic water, basin
forming water etc., so such a small amount element indicator
could be an important chemical probe to distinguish between
the origins ofinitial ore-forming fluids and track the evolution
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fluid focusing and vein formation

route of fluid-rock reactions.

4.2. Isotopic Geochemistry and Fluid Source
Tracing

Hydrogen(H) and Oxygen(O) in fluid inclusion has been
preserved and it’s the most authoritative geo-chemical basis
of tracing the origin of ore-forming fluid up till now. The
mineral lattice generally consists only of O elements and there
is no H element, so we can directly determine the water in
quartz, other minerals and so on through the hydrogen isotope
ratio(0D) of the sample by vacuum crushing; while the
oxygen isotope ratio(8180_fluid) of the fluid is generally
derived from the oxygen isotope ratio(6180_ mineral) of the
main minerals measured and combined with the temperature
of mineralization obtained from the fluid inclusion
temperature measurement[8]. The oxygen isotope balance
fractionation equation ofthe quartz-water system (Equation 3)
is usually expressed as: 1000lna=A * (1076 / T"2) + B. a is
the fractionation factor, T is the thermodynamic absolute
temperature K, A and B are calibration constants determined
experimentally. By drawing our calculated 6180 _fluid values
and the real measurements for d onto the hydrogen—oxygen
(H-O) isotope standard correlation chart we can readily
discern if the fluid in question originates with the primary
magmatic water, metasedimentary dehydration, atmosphere
or deep ocean circulation of seawater. And more importantly,
if this point deviates from the typical end member point on
the figure and has an obvious trend of moving closer to
another end member (such as a strong 'oxygen isotope drift'
phenomenon), then it clearly indicates that the ore-forming
fluid has undergone intense water-rock isotope exchange
reactions with the surrounding rock or a large amount of fluid
from various sources have mixed for a long time.



Table 3. Typical Hydrogen-Oxygen Isotope Characteristic Reference Values of Different Source Ore-Forming Fluids

Fluid Source 680 fTuid (%o,

3D (%o, SMOW)

Endmember SMOW)
Magmatic Water +5.0 to +9.0 —80 to —40
Metamorphic Water | +5.0to +25.0 —60 to —20

< =50 (typically follows
global meteoric water
line, GMWL)

< 0 (latitude-

Meteoric Water dependent)

Formation Brine

(Basinal Brine) 0to+10.0

—80 to —20

5. Ore-Forming Fluid Evolution
Mechanism Discussion

5.1. Evidence of Fluid Boiling and
Incompatible Interaction from Inclusion
Evidence

Fluid boiling (also called immiscibility effect or phase
sepration): It is the most important trigger mechanism for the
large scale precipitation and re moval of metals from hydro
thermal system: Deep and warm fluid flows out from the fault
zone. When the static water pressure, static rock pressure
changes suddenly or the flow-out process is too violent, there
may be a chance that the liquid can undergo an decompress
boiling. In the microfacies research, it is the definite proof for
fluid boiling: in the same mineral growth zone or in the same
microcrack there exist the closely-related gas-rich and liquid-
rich inclusions (even halite sub - mineral inclusion). During
microthermo, these two kinds of inclusions have basically the
same uniform temperature, but the way of this uniformity is
quite different: The liquid-rich inclusion is uniformly
distributed for the liquid, and the gas-rich inclusion is
uniformly distributed for the gas [9]. This fact undeniably
proves that the major minerals formed in aboiling fluid where
there is both gas and liquid. The significance of fluid boiling
for the evolution of ore-forming fluids is very great. Boiling
will make many acidic volatiles,such as H2S,CO2 and so on
transferred into the gas phase and escape from the system,
thus greatly increasing the pH value of the remaining liquid;
meanwhile, the evaporation of water molecules in the liquid
phase will cause a rapid increase in the concentration of
coordination groups like CI- but at the same time reduce its
total flow volume. Such huge changes in physical and
chemical surroundings will destroy the stability of metal
complexes such as chloride complex or hydrogen sulfide
complex, which will result in a large amount of metal sulfide

Key Indicators of Fluid Evolution and Material Exchange

Reflects derivation from late-stage magmatic crystallization;

typically transports primary metal loads from crystallizing intrusions.

Signals devolatilization during regional metamorphism; strongly

associated with orogenic gold systems in accretionary or collisional

belts.

Suggests significant infiltration and shallow-circulation mixing;
commonly induces rapid cooling, dilution, and salinity drop—
triggering metal precipitation.

Represents high-salinity fluids expelled from compaction and

dewatering of deep sedimentary sequences; enriched in Cl-, metals,
and often linked to Mississippi Valley—type (MVT) and basin-hosted
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deposits.

precipitating extremely fast but confined in some small area.

5.2. Fluid Mixing and Its Trigger Mechanism
for Metal Precipitation

Another very common mineralization process: Fluid
Mixing is pretty common for porphyres and shallo-forming
low-temps, it's a good fit for siliciclasticstoo. In the shallow
part of the earth's crust there is an extremely large
underground groundwater circulation system due to seepage
from atmospheric rainfall. When the high temperature, high
salt, magma hydrothermal fluid moves out from the deep part
to the shallow part of the crust, necessary huge volume of
mixing with those atmospheric precipitation is unavoidable
[10]. In the thermodynamic diagram of inclusions, the mixing
is shown by the perfectly positive correlation linear
progression relation ship with temperature and salinity. Fluid
mixing is an equilibrium process between mass and energy;
therefore, we can describe it using the simple mass balance
equation: Equation4) M _mix * C_ mix=M a*C a+M_ b
* C_b (M is fluid mass; C is temp., salinity or conc. Of a
certain element; a & b are end member fluids; mix means
mixture) Fluid mixing indicating mineralization evo lution has
significance because when there is an influx ofa large amount
of low-temperature cold water, the temperature of the deep
hydrothermal system will suddenly fall, thereby decreasing
the solubility limit of metal complexes; also due to the
dilution effect ofthe water body on the outside, the activity of
complexing ions such as Cl - in the fluid is greatly reduced,
which can also promote the dissociation of metal complexes.
Also it will cause atmospheric precipitation to have higher
oxygen fugacity which can oxidize the reducing sulfur in
hydrothermal fluid and make system Eh be changed. Due to
the effect of cooling and dilution, etc., the mineralization
elements in the liquid quickly lose their activity and
precipitate as mineral form.



Table 4. Key Fluid Evolution Mechanisms Triggering Metal Deposition and Their Inclusion Identification Indicators

Fluid Evolution
Mechanism

Fluid Cooling and
Condensation

Pressure-Driven
Boiling / Fluid
Immiscibility
Mixing of Two
End-Member
Fluids

Fluid-Rock
Interaction

Core Inducing Factors

Thermal dissipation due to
distance from heat source and
conductive heat loss

Structural dilation or uplift-
induced pressure reduction

Fracture opening linking deep
hydrothermal and shallow
meteoric or formation fluids

Fluid migration along
permeable pathways and
pervasive wall-rock alteration

Changes in Fluid Physical and
Chemical Properties

Solubility of metal complexes
declines exponentially with
decreasing temperature

Volatile exsolution elevates pH
abruptly; residual brine salinity
exceeds solubility limits

Rapid cooling, ligand dilution,
and shift in oxidation-reduction
potential (Eh)

H* consumption drives acid
neutralization; dissolution
releases rock-bound metals and
alters fluid composition

epithermal

Typical Inclusion Identification Indicators

Homogenization temperature (Th) exhibits a
gradual, continuous decrease; salinity remains
relatively stable; absence of coexisting vapor-
and liquid-rich inclusions
Vapor-rich and liquid-rich inclusions with
identical Th occur in close spatial association
but display distinct morphologies and phase
ratios
Linear positive correlation between Th and
salinity; systematic isotopic shifts (e.g., 6'%0,
3D, 8%4S) across inclusion populations
Inclusions enriched in lithophile elements (e.g.,
Al K, Rb, Li) characteristic of host rock;
spatial and textural association with alteration
minerals (e.g., chlorite, sericite, epidote)

ore system: Evidence from mercury isotopes

6. Conclusion

Microanalytical data obtained from fluid inclusions
provide critical geochemical evidence for deciphering the
deep crustal evolution of mineralizing fluids. Dissection
inclusion distribution based on petrology as well
Microthermodynamic Parameters (uniform temp and salt
density) of petrology regarding volatile Components Isotopic
Components at every mineralised phase together would give
us a full life-cycle migration route picture - From the start of
magma or Metamorphism dehydroxylation up till Reduction
Pressure Boiling point, and then after that Fluid remixing
Cooling Precipitation: The large changes in all kinds of
physical and chemical parameters have become a testing
method for fluid dynamic methods (boil, mix, water-rock
reaction). They are also the most basic keys to explain why
many minerals are enriched and where their spatial zoning
pattern is.

References

[1] Bergquist, Bridget A., Blum, Joel D. Mass-dependent and -
independent fractionation of Hg isotopes by photoreduction in

aquatic systems [J]. Science2007, 318(5849):417-420.

[2] Blum, Joel D., Bergquist, Bridget A. Reporting of variations in
the natural isotopic composition of mercury [J]. Analytical and

Bioanalytical Chemistry2007, 388(2):353-359.

Blum, Joel D., Sherman, Laura S., Johnson, Marcus W.
Mercury Isotopes in Earth and Environmental Sciences [J].
Annual Review of Earth and Planetary Sciences2014,
42():249-269.

(3]

[4] Deng, Changzhou, Li, Chenglu, Rong, Yimeng, Chen, Di,
Zhou, Ting, Wang, Xueyun, Chen, Huayong, Lehmann, Bernd,

Yin, Runsheng. Different metal sources in the evolution of an

25

[10]

associated with the Erdaokan epithermal Ag-Pb-Zn deposit,
NE China [J]. Gondwana Research2021, 95():1-9.

Gehrke, Gretchen E., Blum, Joel D., Meyers, Philip A. The
geochemical behavior and isotopic composition of Hg in a mid-
Pleistocene western Mediterranean sapropel [J]. Geochimica et
Cosmochimica Acta2009, 73(6):1651-1665.

Deng, Changzhou, Sun, Guangyi, Rong, Yimeng, Sun,
Ruiyang, Sun, Deyou, Lehmann, Bernd, Yin, Runsheng.
Recycling of mercury from the atmosphere-ocean system into
volcanic-arc-associated ~ epithermal  gold systems [J].
Geology2021, 49(3):309-313.

Deng, Changzhou, Gou, Jun, Sun, Deyou, Sun, Guangyi, Tian,
Zhendong, Lehmann, Bernd, Moynier, Frederic, Yin,
Runsheng. Mercury isotopic composition of igneous rocks
from an accretionary orogen: Implications for lithospheric
recycling [J]. Geology2022, 50(9):1001-1006.

Deng, Changzhou, Lehmann, Bernd, Xiao, Tingting, Tan,
Qinping, Chen, Di, Tian, Zhendong, Wang, Xueyun, Sun,
Guangyi, Yin, Runsheng. Intracontinental and arc-related
hydrothermal systems display distinct 6202Hg and A199Hg
features: Implication for large-scale mercury recycling and
isotopic fractionation in different tectonic settings [J]. Earth
and Planetary Science Letters2022, 593()

Estrade, Nicolas, Carignan, Jean, Sonke, Jeroen E., Donard,
Olivier F. X. Mercury isotope fractionation during liquid-vapor
evaporation experiments [J]. Geochimica et Cosmochimica
Acta2009, 73(10):2693-2711.

Fu, Shanling, Hu, Ruizhong, Yin, Runsheng, Yan, Jun, Mi,
Xifeng, Song, Zhengcheng, Sullivan, Neal A. Mercury and in
situ sulfur isotopes as constraints on the metal and sulfur
sources for the world's largest Sb deposit at Xikuangshan,
southern China [J]. Mineralium Deposita2020, 55(7):1353-
1364.


https://www.cqvip.com/author/47971840?sign=22622daae30bd08eccdd1bc13396df35918f108fd60ccab1a97f3e6a7fa76f44&expireTime=1773422721146&resourceId=47971840&type=author
https://www.cqvip.com/author/45648525?sign=8a8db514c488bd7ed112f005bcdf83c3b98650d57736e423245ebcf052108e1c&expireTime=1773422721146&resourceId=45648525&type=author
https://www.cqvip.com/doc/journal/00854JP1MPD84JP0MJDO5JP1MPD02?sign=f1cbc5c7f390c11df0f499083d553ff0af31370c21b46bbbed4f36691ab09cba&expireTime=1804929921146&resourceId=00854JP1MPD84JP0MJDO5JP1MPD02&type=1
https://www.cqvip.com/doc/journal/00854JP1MPD84JP0MJDO5JP1MPD02?sign=f1cbc5c7f390c11df0f499083d553ff0af31370c21b46bbbed4f36691ab09cba&expireTime=1804929921146&resourceId=00854JP1MPD84JP0MJDO5JP1MPD02&type=1
https://www.cqvip.com/doc/journal/00854JP1MPD84JP0MJDO5JP1MPD02?sign=f1cbc5c7f390c11df0f499083d553ff0af31370c21b46bbbed4f36691ab09cba&expireTime=1804929921146&resourceId=00854JP1MPD84JP0MJDO5JP1MPD02&type=1
https://www.cqvip.com/journal/963283X
https://www.cqvip.com/author/45648525?sign=8a8db514c488bd7ed112f005bcdf83c3b98650d57736e423245ebcf052108e1c&expireTime=1773422721146&resourceId=45648525&type=author
https://www.cqvip.com/author/47971840?sign=22622daae30bd08eccdd1bc13396df35918f108fd60ccab1a97f3e6a7fa76f44&expireTime=1773422721146&resourceId=47971840&type=author
https://www.cqvip.com/doc/journal/00854JP1MPD85J11M7CO9JP1MPDO3?sign=0080d4b20f69256fb06538ed8f4b0dd247d57c2f54cf50c0770b1e60b55b4be8&expireTime=1804929921146&resourceId=00854JP1MPD85J11M7CO9JP1MPDO3&type=1
https://www.cqvip.com/doc/journal/00854JP1MPD85J11M7CO9JP1MPDO3?sign=0080d4b20f69256fb06538ed8f4b0dd247d57c2f54cf50c0770b1e60b55b4be8&expireTime=1804929921146&resourceId=00854JP1MPD85J11M7CO9JP1MPDO3&type=1
https://www.cqvip.com/journal/939913X
https://www.cqvip.com/journal/939913X
https://www.cqvip.com/author/45648525?sign=8a8db514c488bd7ed112f005bcdf83c3b98650d57736e423245ebcf052108e1c&expireTime=1773422721146&resourceId=45648525&type=author
https://www.cqvip.com/author/59189120?sign=67787c8f39755481e59b91030113ab1b0c381eafbee0198b6fbff525e9d017f0&expireTime=1773422721146&resourceId=59189120&type=author
https://www.cqvip.com/author/36609331?sign=3304db9ffba008797c3b8ab5e0341d30e14ba35fe56d217a217e921bdc5ec40d&expireTime=1773422721146&resourceId=36609331&type=author
https://www.cqvip.com/doc/journal/00854JP1MPD05IPXMJC82JP1MPDG6?sign=0adbac12bf19505af76f7df9a59cccd4f44d9c01db2c6a6e40b36cb86298d00c&expireTime=1804929921146&resourceId=00854JP1MPD05IPXMJC82JP1MPDG6&type=1
https://www.cqvip.com/journal/939541X
https://www.cqvip.com/author/8609404?sign=be1e250ef7e51d75774fe45209a6826279a554d1df61b33cbcaf3e6b7756efc9&expireTime=1773422721146&resourceId=8609404&type=author
https://www.cqvip.com/author/12460973?sign=38f0ccf11d4073f25066db05422158a27afbbb425d95b3eb9b3a6e3e3f3c4ab0&expireTime=1773422721146&resourceId=12460973&type=author
https://www.cqvip.com/author/27037924?sign=22ae6348141e6a47e7b10efcf019e31e9d8615a5f90beca4c6dc9c94fd11faa7&expireTime=1773422721146&resourceId=27037924&type=author
https://www.cqvip.com/author/4220393?sign=c38ac09dbdb370bb316ed1f3c4e15d8e51b8fb7eb76ea44377fe9a8f71e2f65b&expireTime=1773422721146&resourceId=4220393&type=author
https://www.cqvip.com/author/27139578?sign=f04094d3efec44c6c36b448b69f0783e2d297aff73029c694f71efe192dfb1a9&expireTime=1773422721146&resourceId=27139578&type=author
https://www.cqvip.com/author/27139578?sign=f04094d3efec44c6c36b448b69f0783e2d297aff73029c694f71efe192dfb1a9&expireTime=1773422721146&resourceId=27139578&type=author
https://www.cqvip.com/author/31694370?sign=e46c48f2c7b6951f7d9a4025596e05e195be88954ca249c96601489465db4864&expireTime=1773422721146&resourceId=31694370&type=author
https://www.cqvip.com/author/5996913?sign=cd6a9e60bb0e1e357b1c0ab73ad965d13b676e72060a6e194043151f1171d393&expireTime=1773422721146&resourceId=5996913&type=author
https://www.cqvip.com/author/37318609?sign=567aaa37dc42e1cb836613f5e6fb34bef13d97ed2d4d6bae7c4ee3719fa43b73&expireTime=1773422721146&resourceId=37318609&type=author
https://www.cqvip.com/author/239274?sign=b301773b97c47d1660879dcbb5ce3f90940b6608ce2269cd22dadc367b413541&expireTime=1773422721146&resourceId=239274&type=author
https://www.cqvip.com/author/239274?sign=b301773b97c47d1660879dcbb5ce3f90940b6608ce2269cd22dadc367b413541&expireTime=1773422721146&resourceId=239274&type=author
https://www.cqvip.com/doc/journal/00854JP1MPC84JL06HBO8JP1MPDO8?sign=657d1afab11e65a8234da458c81b740907169400c57ec8b2a9945dfe175519cd&expireTime=1804929921146&resourceId=00854JP1MPC84JL06HBO8JP1MPDO8&type=1
https://www.cqvip.com/doc/journal/00854JP1MPC84JL06HBO8JP1MPDO8?sign=657d1afab11e65a8234da458c81b740907169400c57ec8b2a9945dfe175519cd&expireTime=1804929921146&resourceId=00854JP1MPC84JL06HBO8JP1MPDO8&type=1
https://www.cqvip.com/doc/journal/00854JP1MPC84JL06HBO8JP1MPDO8?sign=657d1afab11e65a8234da458c81b740907169400c57ec8b2a9945dfe175519cd&expireTime=1804929921146&resourceId=00854JP1MPC84JL06HBO8JP1MPDO8&type=1
https://www.cqvip.com/doc/journal/00854JP1MPC84JL06HBO8JP1MPDO8?sign=657d1afab11e65a8234da458c81b740907169400c57ec8b2a9945dfe175519cd&expireTime=1804929921146&resourceId=00854JP1MPC84JL06HBO8JP1MPDO8&type=1
https://www.cqvip.com/journal/922305X
https://www.cqvip.com/author/31982025?sign=de3b536e6f11787061fe74d8fd889c9b4f14c467f9b7d3be8c0b9cf5a705fa94&expireTime=1773422767307&resourceId=31982025&type=author
https://www.cqvip.com/author/45648525?sign=b55a1b036aa6042d41745ff464269e94ce34ba500fadaf6131e291a45dee410c&expireTime=1773422767307&resourceId=45648525&type=author
https://www.cqvip.com/author/40480557?sign=337d41285c0405841e494eaeba6a5fdbf7474227268600ab4bfc22fb532d40dc&expireTime=1773422767307&resourceId=40480557&type=author
https://www.cqvip.com/doc/journal/00854JP1MPD83J90MFBO3JP1MPDG9?sign=a7706a72a3d10a4654c2de20679b0ce861508db2cd9c40f3a54931e40814c5bb&expireTime=1804929967307&resourceId=00854JP1MPD83J90MFBO3JP1MPDG9&type=1
https://www.cqvip.com/doc/journal/00854JP1MPD83J90MFBO3JP1MPDG9?sign=a7706a72a3d10a4654c2de20679b0ce861508db2cd9c40f3a54931e40814c5bb&expireTime=1804929967307&resourceId=00854JP1MPD83J90MFBO3JP1MPDG9&type=1
https://www.cqvip.com/doc/journal/00854JP1MPD83J90MFBO3JP1MPDG9?sign=a7706a72a3d10a4654c2de20679b0ce861508db2cd9c40f3a54931e40814c5bb&expireTime=1804929967307&resourceId=00854JP1MPD83J90MFBO3JP1MPDG9&type=1
https://www.cqvip.com/journal/922081X
https://www.cqvip.com/journal/922081X
https://www.cqvip.com/author/8609404?sign=b1db29243b05b9304336174f1fba32799a7fce8ab8683e3aa22ef1fb511045ca&expireTime=1773422749584&resourceId=8609404&type=author
https://www.cqvip.com/author/25556088?sign=bda3266968b09d1b272ea753ada5cb93c4b6b499e99d20fe1ea1109fd70cd3dd&expireTime=1773422749584&resourceId=25556088&type=author
https://www.cqvip.com/author/27037924?sign=9f5008f19aeef034f7e298c25287001030d063dd9e0c2d9709ded267f2e6cdc8&expireTime=1773422749584&resourceId=27037924&type=author
https://www.cqvip.com/author/29838397?sign=f759c220c2ba338b024480312cfec64386d18f1a5ad2084b678779d8d329f81b&expireTime=1773422749584&resourceId=29838397&type=author
https://www.cqvip.com/author/29838397?sign=f759c220c2ba338b024480312cfec64386d18f1a5ad2084b678779d8d329f81b&expireTime=1773422749584&resourceId=29838397&type=author
https://www.cqvip.com/author/11559212?sign=c82074a61a801d2d0b8bd8416d0cde6c39da4b73bc7bd3c897b098be1131565a&expireTime=1773422749584&resourceId=11559212&type=author
https://www.cqvip.com/author/37318609?sign=b14b88f1bfac447286d03b1504fdfaf86ff8b755e2fc6e8a00857897c39171db&expireTime=1773422749584&resourceId=37318609&type=author
https://www.cqvip.com/author/239274?sign=748e5e9d80223905493f29ba297b215897c674ea3ef78f7d2bff57142429b726&expireTime=1773422749584&resourceId=239274&type=author
https://www.cqvip.com/doc/journal/00854JP1MPC87JDVM9D86JP1MPDG4?sign=7b952702b2ec36138a50cc44ab9f487c50645b3d16f29ab93e6d40be687437de&expireTime=1804929949584&resourceId=00854JP1MPC87JDVM9D86JP1MPDG4&type=1
https://www.cqvip.com/doc/journal/00854JP1MPC87JDVM9D86JP1MPDG4?sign=7b952702b2ec36138a50cc44ab9f487c50645b3d16f29ab93e6d40be687437de&expireTime=1804929949584&resourceId=00854JP1MPC87JDVM9D86JP1MPDG4&type=1
https://www.cqvip.com/journal/922332X
https://www.cqvip.com/author/8609404?sign=b1db29243b05b9304336174f1fba32799a7fce8ab8683e3aa22ef1fb511045ca&expireTime=1773422749584&resourceId=8609404&type=author
https://www.cqvip.com/author/1549071?sign=564eabd8025a17d84ca0e0834744152c2100ef4f47be940683455efd6127e3d5&expireTime=1773422749584&resourceId=1549071&type=author
https://www.cqvip.com/author/11559212?sign=c82074a61a801d2d0b8bd8416d0cde6c39da4b73bc7bd3c897b098be1131565a&expireTime=1773422749584&resourceId=11559212&type=author
https://www.cqvip.com/author/25556088?sign=bda3266968b09d1b272ea753ada5cb93c4b6b499e99d20fe1ea1109fd70cd3dd&expireTime=1773422749584&resourceId=25556088&type=author
https://www.cqvip.com/author/26687271?sign=b68a4bfd104ac5a1b405c96b457fa0ef2836dd790c959c2fca8a22ce1db737b5&expireTime=1773422749584&resourceId=26687271&type=author
https://www.cqvip.com/author/26687271?sign=b68a4bfd104ac5a1b405c96b457fa0ef2836dd790c959c2fca8a22ce1db737b5&expireTime=1773422749584&resourceId=26687271&type=author
https://www.cqvip.com/author/37318609?sign=b14b88f1bfac447286d03b1504fdfaf86ff8b755e2fc6e8a00857897c39171db&expireTime=1773422749584&resourceId=37318609&type=author
https://www.cqvip.com/author/51064773?sign=b52d490004594a493f2e2d33dd8f977f6555baddde564748b8ee271ad1b7b522&expireTime=1773422749584&resourceId=51064773&type=author
https://www.cqvip.com/author/239274?sign=748e5e9d80223905493f29ba297b215897c674ea3ef78f7d2bff57142429b726&expireTime=1773422749584&resourceId=239274&type=author
https://www.cqvip.com/author/239274?sign=748e5e9d80223905493f29ba297b215897c674ea3ef78f7d2bff57142429b726&expireTime=1773422749584&resourceId=239274&type=author
https://www.cqvip.com/doc/journal/00854JP1MPBO3J9WM9DG6JP1MPDO3?sign=3735a2481215a2713e75b4f055b73130b57eafca8fded4b157eb24da579e8e4d&expireTime=1804929949584&resourceId=00854JP1MPBO3J9WM9DG6JP1MPDO3&type=1
https://www.cqvip.com/doc/journal/00854JP1MPBO3J9WM9DG6JP1MPDO3?sign=3735a2481215a2713e75b4f055b73130b57eafca8fded4b157eb24da579e8e4d&expireTime=1804929949584&resourceId=00854JP1MPBO3J9WM9DG6JP1MPDO3&type=1
https://www.cqvip.com/doc/journal/00854JP1MPBO3J9WM9DG6JP1MPDO3?sign=3735a2481215a2713e75b4f055b73130b57eafca8fded4b157eb24da579e8e4d&expireTime=1804929949584&resourceId=00854JP1MPBO3J9WM9DG6JP1MPDO3&type=1
https://www.cqvip.com/journal/922332X
https://www.cqvip.com/author/8609404?sign=b1db29243b05b9304336174f1fba32799a7fce8ab8683e3aa22ef1fb511045ca&expireTime=1773422749584&resourceId=8609404&type=author
https://www.cqvip.com/author/37318609?sign=b14b88f1bfac447286d03b1504fdfaf86ff8b755e2fc6e8a00857897c39171db&expireTime=1773422749584&resourceId=37318609&type=author
https://www.cqvip.com/author/26570405?sign=4cda9856f48ec8a5c4ef632addee0dfe8c906472f398af09ee1639ed46d789f5&expireTime=1773422749584&resourceId=26570405&type=author
https://www.cqvip.com/author/7995896?sign=acbc3fc73b6efa75af9dc2e99432ab54d0038156b28b5baa18ff4db25d08b60e&expireTime=1773422749584&resourceId=7995896&type=author
https://www.cqvip.com/author/7995896?sign=acbc3fc73b6efa75af9dc2e99432ab54d0038156b28b5baa18ff4db25d08b60e&expireTime=1773422749584&resourceId=7995896&type=author
https://www.cqvip.com/author/4220393?sign=2afa47e6797b306740336d4ea3196b221cc99bea07a8773aa7b5f20629f24efd&expireTime=1773422749584&resourceId=4220393&type=author
https://www.cqvip.com/author/26687271?sign=b68a4bfd104ac5a1b405c96b457fa0ef2836dd790c959c2fca8a22ce1db737b5&expireTime=1773422749584&resourceId=26687271&type=author
https://www.cqvip.com/author/31694370?sign=ee71a8ef52a272c84f0f5e7e3950cdcfa02b326ccba298451b9e4bb591489025&expireTime=1773422749584&resourceId=31694370&type=author
https://www.cqvip.com/author/25556088?sign=bda3266968b09d1b272ea753ada5cb93c4b6b499e99d20fe1ea1109fd70cd3dd&expireTime=1773422749584&resourceId=25556088&type=author
https://www.cqvip.com/author/25556088?sign=bda3266968b09d1b272ea753ada5cb93c4b6b499e99d20fe1ea1109fd70cd3dd&expireTime=1773422749584&resourceId=25556088&type=author
https://www.cqvip.com/author/239274?sign=748e5e9d80223905493f29ba297b215897c674ea3ef78f7d2bff57142429b726&expireTime=1773422749584&resourceId=239274&type=author
https://www.cqvip.com/doc/journal/00854JP1MPBO8JH16DCG9JP1MPDO1?sign=6bea029b0a619363668cdda0adfad65e70c1b043fc2581fa26e4160648c385c2&expireTime=1804929949584&resourceId=00854JP1MPBO8JH16DCG9JP1MPDO1&type=1
https://www.cqvip.com/doc/journal/00854JP1MPBO8JH16DCG9JP1MPDO1?sign=6bea029b0a619363668cdda0adfad65e70c1b043fc2581fa26e4160648c385c2&expireTime=1804929949584&resourceId=00854JP1MPBO8JH16DCG9JP1MPDO1&type=1
https://www.cqvip.com/doc/journal/00854JP1MPBO8JH16DCG9JP1MPDO1?sign=6bea029b0a619363668cdda0adfad65e70c1b043fc2581fa26e4160648c385c2&expireTime=1804929949584&resourceId=00854JP1MPBO8JH16DCG9JP1MPDO1&type=1
https://www.cqvip.com/doc/journal/00854JP1MPBO8JH16DCG9JP1MPDO1?sign=6bea029b0a619363668cdda0adfad65e70c1b043fc2581fa26e4160648c385c2&expireTime=1804929949584&resourceId=00854JP1MPBO8JH16DCG9JP1MPDO1&type=1
https://www.cqvip.com/journal/956605X
https://www.cqvip.com/journal/956605X
https://www.cqvip.com/author/48696280?sign=29af7f04d12b738196ab84ddb2a96b2a33cc0f8bd0d6777ac6f80fc0217e1d37&expireTime=1773422749584&resourceId=48696280&type=author
https://www.cqvip.com/author/41827301?sign=c5785ff11d2532467786b67eaa525c55f807942812018669569149d9f9b2d62f&expireTime=1773422749584&resourceId=41827301&type=author
https://www.cqvip.com/author/39326257?sign=d02266e75575a6a386f02a5dbde1afca6f233ef45c11ca263079fb0b3b31b9bc&expireTime=1773422749584&resourceId=39326257&type=author
https://www.cqvip.com/author/41649073?sign=c6e31e43f8d10c264695a17380b1600675d92e489eb5ad06f893612e24bf60b6&expireTime=1773422749584&resourceId=41649073&type=author
https://www.cqvip.com/author/41649073?sign=c6e31e43f8d10c264695a17380b1600675d92e489eb5ad06f893612e24bf60b6&expireTime=1773422749584&resourceId=41649073&type=author
https://www.cqvip.com/doc/journal/00854JP1MPD83J5WMDBG6JP1MPDO8?sign=8e03600317b49a729877cb97c6161178467bdc7069c9a2e61662409a0aa78bc1&expireTime=1804929949584&resourceId=00854JP1MPD83J5WMDBG6JP1MPDO8&type=1
https://www.cqvip.com/doc/journal/00854JP1MPD83J5WMDBG6JP1MPDO8?sign=8e03600317b49a729877cb97c6161178467bdc7069c9a2e61662409a0aa78bc1&expireTime=1804929949584&resourceId=00854JP1MPD83J5WMDBG6JP1MPDO8&type=1
https://www.cqvip.com/journal/922081X
https://www.cqvip.com/journal/922081X
https://www.cqvip.com/author/10102899?sign=df7b20d522f578a4dba2eafdab6744cdd39e224ffa4b0a9c359abd5615a27b2b&expireTime=1773422749584&resourceId=10102899&type=author
https://www.cqvip.com/author/7175024?sign=3fbdbeab2e39ff73ff89047946f4cd26fdd260406e0a2eadabf80e135528ab86&expireTime=1773422749584&resourceId=7175024&type=author
https://www.cqvip.com/author/239274?sign=748e5e9d80223905493f29ba297b215897c674ea3ef78f7d2bff57142429b726&expireTime=1773422749584&resourceId=239274&type=author
https://www.cqvip.com/author/17034407?sign=b99d981d695ee167212700c5d9ae658026b5be4bb476d7cbad1a46ea916d82be&expireTime=1773422749584&resourceId=17034407&type=author
https://www.cqvip.com/author/19946215?sign=79b5a37dc39b17a41e53178be8c15a2fd90de051b87e2db0c3db8d9427c9783a&expireTime=1773422749584&resourceId=19946215&type=author
https://www.cqvip.com/author/19946215?sign=79b5a37dc39b17a41e53178be8c15a2fd90de051b87e2db0c3db8d9427c9783a&expireTime=1773422749584&resourceId=19946215&type=author
https://www.cqvip.com/author/12531629?sign=6710a69cc34a37ac6d9eefc6acad36ace3a71e52c96292a28335cdebff249c14&expireTime=1773422749584&resourceId=12531629&type=author
https://www.cqvip.com/author/36937046?sign=c61dc0200bdc139c81869f2f8ea0761b328a300b5f7025f84221a315f70e1089&expireTime=1773422749584&resourceId=36937046&type=author
https://www.cqvip.com/doc/journal/00854JP1MPCG5JLW67CO4JP1MPDO7?sign=9db071d7930749eb419203746b6f0f68296f30d0404ad2b69c3c893ff1143cf9&expireTime=1804929949584&resourceId=00854JP1MPCG5JLW67CO4JP1MPDO7&type=1
https://www.cqvip.com/doc/journal/00854JP1MPCG5JLW67CO4JP1MPDO7?sign=9db071d7930749eb419203746b6f0f68296f30d0404ad2b69c3c893ff1143cf9&expireTime=1804929949584&resourceId=00854JP1MPCG5JLW67CO4JP1MPDO7&type=1
https://www.cqvip.com/doc/journal/00854JP1MPCG5JLW67CO4JP1MPDO7?sign=9db071d7930749eb419203746b6f0f68296f30d0404ad2b69c3c893ff1143cf9&expireTime=1804929949584&resourceId=00854JP1MPCG5JLW67CO4JP1MPDO7&type=1
https://www.cqvip.com/doc/journal/00854JP1MPCG5JLW67CO4JP1MPDO7?sign=9db071d7930749eb419203746b6f0f68296f30d0404ad2b69c3c893ff1143cf9&expireTime=1804929949584&resourceId=00854JP1MPCG5JLW67CO4JP1MPDO7&type=1
https://www.cqvip.com/journal/954092X

