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Abstract This paper provides an overview of some of the more important developments in fluid-inclusion research and
applications in recent years, including fluid-inclusion petrography, PVTX studies, and analytical techniques. In fluid-inclusion
petrography, the introduction of the concept of “fluid-inclusion assemblage’ has been a major advance. In PVTX studies, the
use of synthetic fluid inclusions and hydrothermal diamond-anvil cells has greatly contributed to the characterization of the phase
behaviour of geologically relevant fluid systems. Various analytical methods are being developed and refined rapidly, with the
Laser-Raman and LA-ICP-MS techniques being particularly useful for volatile and solute analyses, respectively. Ore deposit
research has been and will continue to be the main field of application of fluid inclusions. However, fluid inclusions have been
increasingly applied to other fields of earth science, especially in petroleum geology and the study of magmatic and earth interior

processes.
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Geology since the 19807 s, including several special issues
devoted to the subject. The percentage of papers containing
Introduction fluid-inclusion studies in Economic Geology increased steadily

The research on and applications of fluid inclusions have
progressed tremendously over the last two decades. This is
reflected by the increasing number of papers on fluid-
inclusion studies in earth-science journals, For example,
more than 450 papers dealing with fluid inclusions have

appeared in Geochimica et Cosomochimica Acta and Chemical

from 5% in 1975 to 27% in 2000 (Fig. 1>. This tfend is not
surprising given that fluids are involved in most geologic
processes, and fluid inclusions are the only samples of the
actual paleo-fluids, With the continuous improvement of

analytical techniques, fluid inclusions will continue to become
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Fig. 1 A diagram showing the increase in the

percentage of papers with fluid-inclusion studies in
Economic Geology from the year of 1975 to 2000,

* an indispensable tool in studying virtually every geologic
process where they were formed and preserved.

. This paper gives an overview of som: of the more
important developments in fluid inclusion research and
applications in recent ycars. They are summarized in four
topics: (1) petrography, (2) PVTX studies, (3) analytical
techniques, and (4) applications* The paper is not meant to
be a comprehensive review of all the developments in fluid-
inclusion studies, but aims to provide the readers with an
overall picture of the current status of the subject and some
key references. Other recent reviews on fluid-inclusion
research and applications may be found in De Vivo and
Frezzotti (1994), Roedder and Bodnar (1997), Brown
(1998), Shepherd and Rankin (1998), Lu and Guo (2000),

and a special volume of Lithos (volume 55, 2001).

Fluid-inclusion petrography

Fluid-inclusion petrography is the basis of any fluid-
inclusion study. It has been increasingly emphasized that a
few fluid-inclusion data with detailed petrographic constraints
are worth more than thousands of poorly constrained data.
The purpose of fluid-inclusion petrography is to establish the
relative timing of the entrapment of fluid inclusions with
respect to their host mineral, and to provide the basis for
evaluating the meaning and validity of fluid-inclusion data.
The validation of fluid-inclusion data has been drawing more
and more attention.

The classification of fluid inclusions into primary,
secondary, and pseudosecondary continues to be widely
used, with the discrimination criteria of Roedder (1984)
being commonly cited. However, these terminologies are
It is not uncommon that some fluid
inclusions are claimed to be without any
petrographic description. It should be emphasized that the
terminologies  are

commonly abused.
‘ primary’

¢ primary-pseudosecondary-secondary’
interpretative, and not descriptive. For example, the four
types of occurrences of fluid inclusions shown in Figure 2
may all be interpreted as primary. However, in the cases of
Figures 2B, C and D, the possibility of secondary or
pseudosecondary origin cannot be ruled out, and it is wrong
to simply claim these inclusions as primary.

Probably the single most important advance in fluid-
inclusion petrography in recent years is the development of
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the concept of ‘fluid-inclusion assemblage’ or ‘FIA’
(Goldstein and Reynolds, 1994). An FIA is a group of fluid
inclusions that were entrapped at the same time and that are
petrographically distinguishable (e. g., all the inclusions
along the same growth zones in a single crystal or all
inclusions along a single healed fracture) (Goldstein and
Reynolds, 1994). It differs from a ‘population’ in that the
latter is less restrictive in terms of contemporaneousness. It
is also different from the term °‘generation’, which implies
broad contemporaneousness and does not emphasize spatial
continuity. For example, a generation of fluid inclusions may
include all primary fluid inclusions in all crystals that were
formed at the samc period of time, vwhereas an FIA refers to
one specific group of fluid irclusions in one sypecific growth
zone in one specific crystal. A particularly useful tool in FIA
studies is the Scanziug Electron Microscope-
Cathodclumirescerce (SEM-CL) and the optical high-power
CL-micrcscope which can reveal detailed microtextures in
quartz (Kerkhof and Hein, 2001).

The concept of FIA is very useful in avoiding the bias of
fluid-inclusion data and in evaluating the validity of the data,
especially in discriminating the so-called ‘three devils of fluid
inclusions’;  necking, trapping, and
stretching. In principle, if fluid inclusions in one FIA were

heterogeneous

entrapped from a homogeneous fluid phase and were not
modified after trapping, their microthermometric attributes
should be the same. In practice, if the variation of
homogenization temperatures of fluid inclusions within an
FIA is less than 15C, the FIA may be considered
representing homogeneous trapping without significant post-
trapping modification ( Goldstein and Reynolds, 1994;
Goldstein, 2001). In this case, the average of the
microthermometric data of all the fluid inclusions within the
FIA may be used to represent the FIA, and only one datum
(i.e. , the average) should be included in statistics (e. g. , a
histogram) ( Fig. 3A). Conversely, if the variation of
homogenization temperatures of fluid inclusions within an
FIA is larger than 15°C, the FIA may have been subject to
post-trapping modification (necking or stretching) or.may
represent heterogeneous trapping. In the former case, the
microthermometric data are unusable (Fig.3B), and in the
latter case, the minimum homogenization temperature should

be used to represent the FIA (Fig. 3C).

PVTX studies

Knowledge of the PVTX properties of fluids is essential
for understanding the phase behaviour of fluid inclusions in
laboratory conditions and for estimating the P-T conditions at
entrapment, There are generally two approaches for PVTX
studies: experiments and theoretical modeling, the latter
being partly based on data obtained from the experiments.

The results of experiments and theoretical modeling of
common geological fluid systems prior to the early 1980’ s
have been reviewed by Burruss (1981), Crawford (1981),
Holloway (1981), and Roedder (1984). Major progress has
been made since then, largely due to the application of
synthetic fluid inclusions starting in the mid 1980’s (Sterner



Chi G et al.

An overview on current fluid-inclusion research and applications 203

i . il i

Fig. 2 Photomicrographs showing various occurrences of fluid inclusions that may be interpreted as primary inclusions.
(A) Fluid inclusions occurring in growth zones in ankerite. (B) An isolated fluid inclusion in sphalerite. (C) Clusters of
fluid inclusions in quartz. (D) Randomly distributed fluid inclusions in quartz, Although these fluid inclusions are likely
primary, the possibility that some of them are secondary or pseudosecondary cannot be ruled out. Therefore, it is more
informative and less subjective to describe these fluid inclusions by their modes of occurrence instead of simply calling

them primary fluid inclusions.

and Bodnar, 1984; Bodnar and Sterner, 1985), and in part
due to the application of the hydrothermal diamond-anvil cell
since the early 1990’s (Chou ef al. , 1994). In addition to
the progress in experimental methods, the development and
widespread application of computer software for modeling
PVTX propoerties, in particular Flincor (Brown, 1989) and
MacFlincor (Brown and Hagemann, 1994), have played a
significant role in the application of fluid inclusions to
geological studies,

More recent reviews on the PVTX properties of
geological fluids include papers in De Vivo and Frezzotti
(1994), Brown (1998), and papers in a special volume of
Lithos (volume 55, 2001). Table 1 lists some of the more
important references on common geological fluid systems.
Most experimental work earlier than the 1980’ s are not
listed, but they can be found in the selected references, some
of which are review papers. Some of the systems (e. g.,
H,0-NaCl-CO,) are better studied than others (e. g. » HO-
NaCl-MgCl, and H; S-bearing systems).

While new

increasingly refined data sets for various aqueous = volatile

experiments will continue to provide

systems over extended conditions, increased attention has

been paid recently to hydrocarbon systems. Some initial

94-2 ina Academic Journal Electroni lishing House.

rig

experiments have been carried out on aqueous-petroleum
systems using synthetic inclusions (e. g. » Teinturier et al. ,
2002). The PVTX modeling of petroleum fluid inclusions
has been the subject of a number of recent studies (see
Munz. 2001), and computer programs such as PIT (Thiery
et al. , 2000) have been developed.

Analytical techniques

Analytical techniques represent the fastest growing field
in fluid-inclusion research. The evolution of the existing
techniques and the development of new techniques are
reflected in review papers published at different times (e. g. »
Roedder, 1984, 1990; Boiron and Dubessy, 1994; Shepherd
and Rankin, 1998). It is not the intention of this paper to
review the various techniques, but a summary of them is
given in Table 2, with one or two representative references
being listed for each method.

Despite the development of sophisticated analytical
methods, indispensable
Infrared

microthermometry remains the

method for fluid-inclusion studies.

microthermometry for fluid inclusions in opaque minerals,

ts reserved //www.cnki.net
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Fig.3 A schematic representation of three situations of fluid inclusion assemblage (FIA) and data treatment. (A) The
homogenization temperatures (Ty) of fluid inclusions within individual FIAs are convergent. Only one value (the average) per
FIA is included in the histogram for the crystal., (B) The T, values of individual FIAs are divergent (variation more than
15C), indicating post-trapping modification. The microthermometric data are unreliable, and should not be included in
statistics. (C) Some fluid inclusions homogenize into the liquid phase, and some homogenize into the vapour phase,
suggesting the existence of two immiscible fluid phases. The large variation of T, values results from heterogeneous trapping.
If there is a convergence at the lower end of the T} spectrum for individual FIAs (a, b, ¢, and e), the minimum (represent
the trapping temperature) should be included in statistics. If there is no convergence at the lower end of the T, spectrum for
individual FIAs (d), even the minimum values may have been affected by heterogeneous trapping, and should not be included
1n statistics.

first used in the late 1980’s (Campbell and Robinson-Cook, mass spectrometry (GC-MS) have been increasingly applied

1987), has received renewed attention in recent years, with to analysis of hydrocarbon fluid inclusions (George et al. ,
application to common sulfides such as pyrite (Luders and 1997).

Ziemann, 1999). Furthermore, commercial instruments are In solute analysis, although conventional bulk analysis
now available, of leachate is still the main method, the laser ablation-

In volatile analysis, although bulk analysis by gas mass inductively coupled plasma-mass spectrometry (LA-ICP-MS)
spectrometry (MS) and gas chromatography (GC) is still has been increasingly used to obtain quantitative data for

widely used, the Laser Raman microspectrometric technique individual fluid inclusions ( Gunther et al,, 1998). This
has become a standard method for quantitatively analyzing technique is one of the most hotly studied fields of fluid-
volatile compositions of individual fluid inclusions (Burke, inclusion analysis, and will probably become a key method
2001). One of the current research efforts in Raman for analyzing solute composition of single fluid inclusions, as
microspectrometry is to quantify trace amounts of gases such Laser-Raman does for volatiles, The scanning electron
as methane in aqueous fluid inclusions (Dubessy et al. , microscopy-energy dispersive spectrometry ( SEM-EDS )

2001). Gas chromatography (GC) and gas chromatography- analysis of fluid-inclusion decrepitates or broken frozen
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Table 1  Selected references on PVTX studies of fluid-inclusion related chemical systems
Systems Experiments Theoretical Modeling
HO 20, 26, 79 16, 26, 31, 40, 41, 45, 46, 54, 63, 64
CO, 1, 26, 68 13, 16, 26, 31, 44, 46, 54, 57, 64, 72, 75
CH, 2, 26 26, 31, 39. 44, 46, 48, 54, 64, 73
HO-NaCl 8, 11, 42, 55, 59, 82 7,9, 10, 14, 15, 17, 19, 69, 82
HALO-KCI 42, 71, 82 42, 69, 71
H0-CaCl; 36, 59, 60, 61, 82, 83 69, 82
HAO-MgCl, 37, 80 34, 69
H.0-CO;, 23, 27, 70 4.5, 6, 14, 16, 18, 23, 24, 75, 27, 33, 46, 34
HAO-CH, 21, 27, 56 1. 24, 27, 22, 35, 48, 81
CO;-CH, 27 1%, 27, 32, 43, 44, 48, 59, 52, 53, 73, 74
HA-NaCl-KCl 42, 71, 82 12, 17, 1%, (1, 82
H:0-NaClI-CaCl; 36, 59, €1, 76 87 69, 78, 82
HA-NaCl-MgCl; 27 34, 69

HA-NaCI-CO; 23, 35, 38, 58, 65, 66, 67 6,4, 14, 17, 22, 23, 24, 29, 33

HA-NaCl-CH, 56 4, 24, 28

HAO-CO:-CH, 84 4, 24, 27, 30, 48, 47

HA-CO.-CH,-NaCl 58 4, 24

N,-bearing systems 3, 58 4, 24, 30, 31, 32, 33, 44, 46, 49, 50, 52, 53, 64, 73. 74
H; S bearing systems 62, 77 24, 31, 51, 85

(1] Angus etal., 19765 (2] Angus etal., 1978; [3] Angus etal., 1979; [4] Bakker 1999; [ 5] Bakker and Diamond 2000; [ 6] Bakker et
al., 19963 [7] Bischoff, 1991; [8] Bischoff et al. , 1986; [9] Bischoff and Pitzer, 1989; [10] Bodnar, 1993; [11] Bodnar ez al. , 1985; [12]
Bodnar et al, , 1988; [13] Bottinga and Richet, 1981; {14] Bower and Helgeson, 1983; [15] Brodholt, 1998; [16] Brown and l.amb, 1986;
[17] Brown and Lamb, 1989. 18] Burruss, 1981; [19] Chou, 1987; [20] Chou et al. , 1998; [21] Chou et al, , 2001; [22] Darling, 1991;
[23] Diamond, 1992; [24] Diamond, 1994; [25] Diamond 2001; [26] Duan et al. , 1992a; [27] Duan et al. , 1992b; [28] Duan et al. ,
1992c¢; [29] Duan etal., 1995; [30] Duan et al. , 2000; [31] Dubessy. 1994; [32] Dubessy and Thiery, 1994; (33] Dubessy et al. . 1992;
(347 Dubois and Marignac, 1997; [35] Frantz etal. , 1992; [36] Gibbard and Fong, 1975; [37] Gibbard and Gossmann, 1974; [38] Gibert
etal., 1998; [39] Grevel, 1990; [40] Haar etal. , 1984; [41] Halbach and Chatterjee, 1982; [42] Hall ezal. , 1988; [43] Herskowitz and
Kisch, 1984; (447 Heyen et al. , 1982; {457 Hill, 1990; [46] Holloway, 1981s [47] Huizenga 2001; {48] Jacobs and Kerrick, 1981; (49]
Jacobsen et al. , 1986; [50] Kerkhof, 1990; [51] Kerkhof and Hein, 1992; [52] Kerkhof and Thiery, 1994; [53] Kerkhof and Thiery 2001;
[54] Kerrick and Jacobs, 1981; [55] Knight and Bodnar, 1989; [56] Lamb ez al. , 1996; [57] Mader and Berman, 1991; [58] Murphy and
Roberts, 1997; [59] Qakes ez al. , 1990a; [60] Qakes ez al. , 1994; [61] Oakes ez al. , 1990b; [52] Prausnitz et al. , 1986; [63] Saul and
Wagner, 1989; [64] Saxena and Fei, 1987; [65] Schmidt and Bodnar 2000; (66 Schmidt et al. , 1995; [67] Shmulovich and Graham, 1999;
[68] Shmulovich and Shmonov, 1975; [69] Spenser et af. , 1990; [70] Sterner and Bodnar, 1991; [71] Sterner et al. , 1988; [72] Sterner
and Pitzer, 1994; [ 73] Swanenberg, 1979; [74] Thiery et al. . 1994; [75] Touret and Boitinga, 1979; [76] Vanko et al., 1988; [77]
Vargaftik, 1975; (78] Williams-Jones and Samson, 1990; [79] Withers et al. , 2000; [80] Wolf et al. , 1986; [81] Zhang, 1997; [82] Zhang
and Frantz, 1987; [83] Zhang and Franiz, 1989; [84] Zhang and Frantz, 1992; [85] Touray and Guilhaumou, 1984.

inclusions (cryogenic method) is a fast and economic way of

obtaining semi-quantitative data of major elements of

individual fluid inclusions, and the use of environmental
scanning electron microscope (ESEM) has produced accurate
quantitative data ( Timofeeff 2000 ).  The
synchrontron X-ray fluorescence (SXRF) microprobe is a
highly sensitive non-destructive method for detecting trace
elements in individual fluid inclusions (Menez er al. , 2002).

With the development of the third-generation synchrontron

etal.,

radiation sources, this technique will potentially become one
of the most important methods of solute analysis.

Stable isotopes, and oxygen
isotopes, of fluid inclusions have long been used as tracers of

especially hydrogen

geological fluids (Kesler et al. , 1997). Halogens and noble
gases and their isotopes in fluid inclusions are increasingly
studied (Villa, 2001). Rb-Sr isotopes of fluid inclusions have
been used in determining the age of sphalerite from
Mississippi Valley-type deposits (Christensen et af. , 1995).
The major problem with all these methods is the same for any
bulk analysis method: the results commonly reflect mixtures
of multiple generations of fluid inclusions, The solution of
this problem lies in the development of new mass-
spectrometry technique that requires a very small sample so
that different generations of fluid inclusions can be analyzed

separately.
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Table 2 Summary of fluid inclusion analysis techniques and selected references

Single inclusion techniques Reference
Non-destructive methods
Volatile analysis
Microthermometry (MT); Estimation of compositional systems and density of gases. [20]
Infrared Microthermometry (IRMT); Study of fluid inclusions in some opaque minerals. [15]
Laser Raman Microspectroscopy (LR): Semi- to quantative analysis for gas mixtures. 5], (8]
Fourier Transform Infrared Microspectroscopy (FTIR): Compliment. to Raman. Hydrocarbons. [16]
UV Fluorescence Microspectroscopy (UVF) ; Liquid hydrocarbons. Estimation of API values. [26]
Solute analysis
Microthermometry (MT) ; Estimation of compositional systems. Salinity 1 ion ratios. [12], [20]
Infrared Microthermometry (IRMT); Study of fluid inclusions in some opaque minerals. [15]
Synchrontron X-ray Fluorescence (SXRF): Trace element analysis. Depth of FI critical [17]
Proton Induced X-ray Emission analysis (PIXE): Similar to SXXF but lower sensitivity. [17. [22]
Proton Induced Gamma-ray Emission analysis (PIGE): Compleraent. ¢y FIXE for light elements. [1]
Other analysis
Transmission electron microscopy (TEM): Nano-scale structures and FI shapes. [29]
Confocal Laser Scanning Microscopy (CLSM): :D imaging ot FI and Lubble, esp. petroleum, [2]
Destructive methods
Volatile analysis
Laser-Tnduced Mass Analyzer (LIMAJ. Potentislly powerful. vet to be developed. [21]
Solute bnalysis
Laser A blation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS): Trace elements. [11]
LA-ICP Atomic Emission Spectrometry (LA-ICI-AES) ; Similar to LA-ICP-MS. cation only. [19]
Laser Ablation Atomic Emission Spectrometry ( LA-AES): Similar to LA-ICP-AES. simple. T9]
Secondary Ion Mass Spectrometry « SIMS); Trace and light clements, near-surface Fls, melt Fls, [7]
Cryogenic Scauniug Electron Microscope Energy Dispersive Spectrometry (C-SEM-EDS) . [27]
Decrepitation SEM-EDS (I>SEM-EDS); Semiquantitative analysis of major elements. [13]
Electron Microprobe Analysis (tEMPA): Major and minor elements, mainly for melt Fls, [31]
Bulk sample techniques
Non-destructive methods
Solute analysis
Instrumental Neutron Activation Analysis (INAA): Host mineral free of target elements, [30]
Destructive methods
Volatile analysis
Gas Mass spectrometry (MS). Quantitative analysis of various volatiles except high HC. [18]
Gas Chromatography (GC): Quantitative analysis of various volatiles including high HC [24]
Gas Chromatography Mass Spectrometry (GC-MS) : High hydrocarbons including biomarkers. [10]
Solute analysis
Ion Chromatography (IC): Best for anions, some cations. May be integrated with GC. (6]
ICP-AES and ICP-MS; Major and trace cations, some inions. [3]
Isotopes
H and O isotopes: Tracing the origin of water. (14], [25]
Rb-Sr isotopes: Dating sphalerite from Mississippi Valley-type deposits. [23]
Noble gas and isotopes: Tracing the origin of volatiles. [28]
Cl isotopes; Tracing the origin of salinity. [4]

[1] Anderson et al. , 1989; [2] Aplin ez al., 1999; [3] Banks ¢t al. , 1994; [4] Banks et al. , 2000; [5] Burke, 2001; [6] Der Channer et
al., 1999; [7] Deloule etal. , 1995; (8] Dubessy etaf. , 2001; [9] Fabre etal. . 1999; [10] George, 1997; [11] Gunther etal. , 1998; [12]
Haynes, 1985; [13] Haynes etal., 1988; [14] Kesler ezul. , 1997; [15] lLuders and Ziemann, 1999; [16] Pironon etal. , 2001; [17] Menez
etal., 2002; [18] Moore etal. , 2001; [19] Ramsey ezal., 1992; [207] Roedder, 1984; [21] Roedder, 1990; [22] Ryan ezal. , 1993; [23]
Pethke and Diamond, 1995; [24] Salvi and Williams-Jones, 1997; [25] Simon. 2001; [26] Stasiuk and Snowdon, 1997; [27] Timofeeff et
al., 2000 [287 Villa, 2001; [297 Viti and Frezzotti, 2001; [30] Wilkinson. 1990; [31] Belkin et al. , 1998.

Application of fluid inclusions

The trends in the application of fluid inclusions in recent
years may be divided into three categories: (1) the increasing
application to additional branches of earth science., (2) the
continued dominant application in ore-deposit research, and

(3) the rapidly increasing application in petroleum geology

and the study of magmatic and earth interior processes.

The widespread application of fluid inclusions in earth
sciences is a logical consequence of the fact that fluids are
involved in most geologic processes, and fluid inclusions are
the only samples of the actual ancient fluids. Thus, fluid
inclusions have been applied to such variable fields as the
study of the upper mantle processes ( Anderson and
2001 ), deep fluid in
(Scambelluri and Philippot. 2001), magmatic processes (Li,

Neumann, subduction

Zones
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1994 ; Frezzotti, 2001), the composition of ancient seawater
(Kovalevich et af. , 1998), paleoseismic processes (Boullier
and Robert, 1992), and the occurrence and nature of ancient
micro-organisms ( Vreeland et al., 2000; Hazen and
Roedder, 2001).

The research of ore deposits, especially hydrothermal
ore deposits (Roedder and Bodnar, 1997; Wilkinson. 2001),
continues to be the most important field of application of fluid
inclusions. In most studies, fluid-inclusion data serve as a
major constraint on models of ore genesis, especially on fluid
compositional systems and temperature-pressure conditions.
In some cases, fluid inclusions provided key evidence of a
mineralization process and resulted in a breakthrough of
genetic models. For example, the study of the fractionation
of trace elements between coexisting immiscible brine and
vapour inclusions in magmatic mineralization systems using
the LA-ICP-MS method revealed that Au, As, Cu and Sb
may be strongly partitioned ints tne vapour pna<: (Heinrich
et al., 1999). This may exoliin the genetic relationship
between some Cua-A.u porphyry deposits and  epithermal
deposits, and represents a major breakthrough in this field.
In another example, the study of melt inclusions in volcanic
rocks associated with a modern seafloor hydrothermal system
revealed that magmatic fluids may be a major contributor for
the metals in VMS deposits ( Yang and Scott, 1996), which
was merely a speculation before the report of the evidence
from fluid inclusions. A final example is the determination of
the ages of some Mississippi Valley-type deposits by the Rb-
Sr dating method of fluid inclusions in sphalerite, which
provided important constraints on the relationship between
orogenies and MVT mineralization (Nakai et al. , 1990).

Hydrocarbon fluid inclusions are being increasingly used
in basin analysis and petroleum geology (Munz. 2001). The
applications can be classified into; (1) the use of
hydrocarbon fluid inclusions as direct records of hydrocarbon
migration and charge history, (2) the reconstruction of the
P-T history of a basin in relation to the development of
hydrocarbon resources using paired aqueous and hydrocarbon
inclusions, and (3) the use of bulk analyses of fluid-inclusion
compositions as a tool in hydrocarbon exploration.
Hydrocarbon fluid inclusions have been used as tracers of
hydrocarbon migration events in Paleozoic basins in eastern
Canada, and the regional scale variation of hydrocarbon
inclusion types is related to tectonic setting and thermal
conditions (Chi et al., 2000). The frequency of quartz
grains containing oil inclusions (GOI) in sandstone reservoirs
has been used to study the charge history and evolution of oil-
water contact (Lisk et al., 2002). The PVTX studies of
hydrocarbon fluid inciusions have been used to constrain the
P-T history of an oil field ( Aplin er al., 2000). Bulk
analysis of hydrocarbon fluid inclusions, or fluid inclusion
stratigraphy (FIS), has been used in petroleum exploration
related studies (Barclay et al. , 20005 Parnell, 2001).

Melt inclusions have been applied in the study of
intrusive, extrusive, and mantle environments for a long time

(Roedder,1984). Such applications have increased rapidly in
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recent years, as indicated by a simple search in “GeoRef”
using “melt inclusions” as key words. The results of the
search indicate 66 papers for the period from the year of 1975
to 1985, 198 papers from 1985 101995, and 345 papers from
1995 to 2002. As reviewed by Frezzotti (2001), most studies
on melt inclusions in the last 20 years have been on high-
temperature experiments (7. e., microthermometry). In
more recent studies, much attention has been paid to the use
of chemical analysis of melt inclusions to characterize the
chemical evolution of magmatic systems, the volatile contents
of silicate-melt inclusions, and the bchaviour of sulphur
species ( Frezzotti, 2001), Melt z2nd fiuid inclusions have
been vsed as direct =vidence of magmatic immiscibility
1592 ),

immiscibiliy in ‘he upper mantle ( Andersen and Neumann,

( Roedcer, including  silicate-sulfide-carbonatite
2001). The application of melt inclusions in the study of
earth interior processes has been one of the focuses of recent
studies, as reflected in a special volume of Chemical Geology

on melt inclusions (Volume 183, 2002).

Concluding remarks

In summary, there have been significant advances in the
last two decades in fluid-inclusion research and its
applications, especially in the development of the concept of
*fluid-inclusion assemblage’, in the use of synthetic fluid
inclusions and hydrothermal diamond-anvil cells in PVTX
studies. in the development of Laser-Raman and LLA-ICP-MS
techniques, and in the increasing applications of fluid
inclusions in various branches of earth science. The research
in recent years has emphasized, and will continue to
emphasize, the proper use of the FIA concept. The PVTX
properties of aqueous-hydrocarbon systems will also be one of
the focuses of research in the future. The Laser-Raman and
LA-ICP-MS techniques will continue to be improved. and
techniques enabling isotope analysis of single-generation fluid
inclusions will be developed. Fluid inclusions will continue to
be an important material for ore deposit research, and its
usage will continue its expansion to other fields of earth
science. especially in petroleum geology and the study of

magmatic and earth interior processes.
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