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Homogeneous Fluid Inclusion AssemblageHomogeneous Fluid Inclusion Assemblage

calcitecalcite

QuartzQuartz
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expected histogramexpected histogram

synthetic fluid inclusion assemblagesynthetic fluid inclusion assemblage
normal normal distribution distribution ((Gaussian or LorentzianGaussian or Lorentzian))
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Gaussian :

y = 17.0877 "exp #
x #275.818
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TH = 276 ± 1 ˚C

statistical approachstatistical approach
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Homogeneous Fluid Inclusion AssemblageHomogeneous Fluid Inclusion Assemblage



Natural Natural SampleSample

statistical approachstatistical approach
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Gaussian :

y = 9.8877 "exp #
x # 311.66
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TH = 312 ± 16 ˚C
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distribution functions are not appropriate distribution functions are not appropriate to to described described TThh

variationvariation:: 1. multiple 1. multiple fiafia
2. 2. variation variation in in pore fluid propertiespore fluid properties
3. 3. re-equilibrationre-equilibration



Re-equilibration ProcessesRe-equilibration Processes

1. total 1. total volume changesvolume changes

2. 2. diffusion diffusion of of fluid componentsfluid components
((changes changes in in amount amount of of substancesubstance))
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4. 4. Inclusion Inclusion wall wall recrystallizationrecrystallization
((change change in in shapeshape, , texturetexture))

wrongwrong: : stretch stretch = l/l= l/l0  0  (1 (1 DimDim))

Dilation Dilation = = ΔΔ = (V-V = (V-V00)/V)/V00    (3 (3 DimDim))

Measures Measures of of StrainStrain::

Contraction Contraction = - = - DilationDilation

3.3.  Necking after phase separationNecking after phase separation



TrendsTrends  Microthermometry FIAMicrothermometry FIA

Goldstein & Reynolds (1994)Goldstein & Reynolds (1994)

Trends:Trends:
Number Number of of measurementmeasurement

ECROFI XXII, 4-9 June 2013, Antalya (Turkey)

dilation

dilation

mixing?

mixing?

HH22O-salt O-salt systemssystems



TrendsTrends  Microthermometry FIAMicrothermometry FIA

Bakker & Jansen (1991)Bakker & Jansen (1991)
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HH22O-COO-CO22  systemssystems

1. best fit through lowest Th values
3, 4. preferential leakage H2O
hor. arrows = dilation

approximate modellingapproximate modelling
((graphical interprgraphical interpr. of . of phase diagramsphase diagrams))



Unary Unary System HSystem H22OO

Volume Volume ((dilationdilation)) Diffusion (Diffusion (loss loss HH22O)O)

calculated with software package calculated with software package „„FLUIDSFLUIDS““: : program program „„Loner Loner HGKHGK““  or or „„Loner Loner 1414““ (Bakker, 2003) (Bakker, 2003)
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Binary Binary System HSystem H22O-COO-CO22

Vx diagram after Vx diagram after Bakker & Diamond (2000)Bakker & Diamond (2000)
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a. pref. loss H2O
b. pref. gain H2O
c. pref. loss CO2
d. pref.gain CO2
Vi dilation
Vd contraction

Combination Combination of of processesprocesses



Binary Binary System HSystem H22O-COO-CO22
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Binary Binary System HSystem H22O-NaClO-NaCl
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calculated with software package calculated with software package „„FLUIDSFLUIDS““: : program program „„Loner Loner APAP““ and  and „„AqSo AqSo WNKWNK““ (Bakker, 2012) (Bakker, 2012)

Preferential loss Preferential loss of Hof H22OO

10 10 massmass% NaCl% NaCl
VVmm  = 31.89 cm= 31.89 cm33·mol·mol-1-1

TTmm ( (iceice) = -6.6 ) = -6.6 ˚̊CC
TThh (LV (LV→→LL) = 400 ) = 400 ˚̊CC
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Ternary Ternary System HSystem H22O-COO-CO22-NaCl-NaCl

Fluid InclusionFluid Inclusion::

bulk propertiesbulk properties

x(Hx(H22O) = 0.7297O) = 0.7297
x(COx(CO22) = 0.2571) = 0.2571
x(NaCl) = 0.0132x(NaCl) = 0.0132

VVmm  = 28.77 cm= 28.77 cm33·mol·mol-1-1

ρρ = 0.8496 g·cm = 0.8496 g·cm-3-3

high high temperature phase changetemperature phase change



TTMM ( (clacla) = 7.0 ) = 7.0 ˚̊CC
TTHH (CO (CO22) = 25.0 ) = 25.0 ˚̊CC

ϕϕ  ((aqaq.) = 50 %.) = 50 %

partial partial propertiesproperties::

VVmm  (CO(CO22) = 61.94 cm) = 61.94 cm33·mol·mol-1-1

calculated with software package calculated with software package „„clathratesclathrates““: : programs programs „„Q2Q2““ and  and „„CURVESCURVES““ (Bakker, 1997) (Bakker, 1997)
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Ternary Ternary System HSystem H22O-COO-CO22-NaCl-NaCl
low temperature phase changeslow temperature phase changes



Ternary Ternary HH22O-COO-CO22-NaCl FIA-NaCl FIA
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re-equilibration processesre-equilibration processes
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Ternary Ternary HH22O-COO-CO22-NaCl FIA-NaCl FIA

re-equilibration processesre-equilibration processes
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Ternary Ternary HH22O-COO-CO22-NaCl FIA-NaCl FIA

re-equilibration processesre-equilibration processes



Ternary Ternary HH22O-COO-CO22-NaCl FIA-NaCl FIA
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Dilation-ContractionDilation-Contraction DiffusionDiffusion

calculated with software package   calculated with software package   „„clathratesclathrates““: : programs programs „„Q2Q2““    (Bakker, 1997) and(Bakker, 1997) and
                                                                                                                                                                              „„FLUIDSFLUIDS““: : program  program  „„BULKBULK““ (Bakker, 2003) (Bakker, 2003)



Ternary Ternary HH22O-COO-CO22-NaCl FIA-NaCl FIA
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calculated with software package   calculated with software package   „„clathratesclathrates““: : programs programs „„Q2Q2““    (Bakker, 1997) and(Bakker, 1997) and
                                                                                                                                                                              „„FLUIDSFLUIDS““: : program  program  „„BULKBULK““ (Bakker, 2003) (Bakker, 2003)

Re-equilibration trendsRe-equilibration trends



ConclusionsConclusions
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combined trends in Th, Tm ,ϕvap

histograms

Thermodynamic modelling:

1. reconstruction possibilities

2. process identifications

?


