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Diffusion of HDiffusion of H22O in O in nominally anhydrous minerals nominally anhydrous minerals ((quartzquartz))

Matter Matter is transported from one part is transported from one part of a of a system system ((higher concentrationhigher concentration) to ) to another another ((lower concentrationlower concentration))
 as a  as a result result of of „„randomrandom““  molecular motionsmolecular motions..

Definition:Definition:

HH22O O is part is part of a of a solid solid solutionsolution  in in the the SiOSiO22-H-H22O O systemsystem

SiOSiO22  lattice is lattice is a a membranemembrane through which  through which HH22O O can freely movecan freely move

How How fast fast can can HH22O O move in/through the quartz crystalmove in/through the quartz crystal??

HH22O O is not is not a a part part of of the the solid solid solutionsolution

simplified research objectivesimplified research objective::
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3. 3. fluid inclusionsfluid inclusions
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Theory Theory HH22O in O in QuartzQuartz

Qtz



Isotopic variation Isotopic variation of of quartz quartz ((oxygen isotopesoxygen isotopes))

Tracer particles Tracer particles in in quartzquartz

Deformation Deformation Phenomena Phenomena ((hydrolitic weakeninghydrolitic weakening))

What What was was measuredmeasured::

Detection methodDetection method:: Infrared Spectroscopy Infrared Spectroscopy →→  HH22O and OHO and OH--

Mass Spectroscopy Mass Spectroscopy ((secondary ionssecondary ions) ) →→  1818O and O and 1616OO

One-dimensional diffusion modelOne-dimensional diffusion model

Concentration Concentration Profile of Profile of isotopic composition isotopic composition of of quartzquartzWhat What was was modelledmodelled::

HH22O O diffusiondiffusion: : evidence from evidence from experimental experimental workwork??



Deformation Deformation experimentsexperiments

1. Diffusion of H1. Diffusion of H22O O is too slow within the is too slow within the limits of limits of experimentationexperimentation
RefRef. Kronenberg et al. (1986). Kronenberg et al. (1986)
                Gerretsen Gerretsen et al. (1989)et al. (1989)

2. 2. Synthetic quartz behaves completely Synthetic quartz behaves completely differentdifferent

grown-in water defects during synthesisgrown-in water defects during synthesis

HH22O O diffusiondiffusion: : evidence from evidence from experimental experimental workwork??

1. 1. Temperature dependenceTemperature dependence??

re-evaluated data re-evaluated data Kronenberg et al. (1986)Kronenberg et al. (1986)

Diffusion Diffusion coefficientscoefficients

2. Pressure 2. Pressure dependencedependence??

3. 1D 3. 1D diffusiondiffusion??



Mathematical Mathematical Diffusion ModelsDiffusion Models

1D1D  diffusion diffusion in a semi-infinite in a semi-infinite body with constant surface concentrationbody with constant surface concentration
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1D1D  diffusion into diffusion into aa  plane plane sheet sheet of of thickness thickness ll
uniform uniform initial distributioninitial distribution, , equal surface concentrationsequal surface concentrations
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Kronenberg et al. (1986)Kronenberg et al. (1986)small times approximation, n=1

One DimensionalOne Dimensional



New experimental New experimental set-up for diffusion modelsset-up for diffusion models

chemical chemical potential potential gradientgradient
((concentrationconcentration))

pressure gradientpressure gradient



GradientsGradients

FugacityFugacity PressurePressure



Fluid InclusionsFluid Inclusions

isolated pocket isolated pocket of of fluid fluid in in crystalcrystal

large large sized crystal-defectsized crystal-defect

1 µm 10 µm

10 µm

TEMTEM

100x 100x objobj..

40x 40x objobj..
optopt. . microscopymicroscopy



Fluid InclusionsFluid Inclusions

isolated pocket isolated pocket of of fluid fluid in in crystalcrystal

large large sized crystal-defectsized crystal-defect

optopt. . microscopymicroscopy

10 µm

10 µm



10 µm

Can fluid inclusions change their density Can fluid inclusions change their density and and compositioncomposition??

vapour = H2
liquid = H2O



Properties Properties of of fluid inclusions fluid inclusions ((alterations alterations in in composition composition and and densitydensity))

HH22O - COO - CO22

HH22O - COO - CO22
± D± D22OO

Re-equilibration experiments with fluid inclusionsRe-equilibration experiments with fluid inclusions

origorig.. reeqreeq..

600 600 ˚̊CC
500 MPa500 MPa

MicrothermometryMicrothermometry
Raman spectroscopyRaman spectroscopy



MicrothermometryMicrothermometry

change change in in densitydensity change in homogenisaton temperaturediffusiondiffusion



Raman SpectroscopyRaman Spectroscopy

change change inin  compositioncomposition change in spectradiffusiondiffusion



bulk-diffusion effectbulk-diffusion effect

additional structural effect
(nano-cracks, crystal defects)

Fluid Inclusions propertiesFluid Inclusions properties: distance to : distance to surfacesurface



New New mathematical diffusion modelsmathematical diffusion models

1. 1. diffusion diffusion porespores  →→  quartzquartz

2. 2. diffusion diffusion quartzquartz  →→  inclusionsinclusions

infinite infinite external sourceexternal source

instantaneous instantaneous point point sourcesource
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For For exampleexample::  3D 3D diffusiondiffusion



ConclusionsConclusions

FWF FWF project project P22446-N21P22446-N21

Fluid inclusions are suitable Fluid inclusions are suitable to to characterize diffusion through quartzcharacterize diffusion through quartz
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