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©  Fluid inclusions - Petrography and genetic interpretation b
of fluid inclusions. Application of Cathodoluminescendé\i;a;“'
techniques

Monday, August 27 until Friday, August 31, 2012

Departamento de Ciencias Geoldgicas. Facultad de Ciencias Exactas y
Naturales. Universidad de Buenos Aires

Dr. Alfons M. van den Kerkhof, and Dr. Graciela M. Sosa
(Geoscience Center, University of Gottingen, Germany)

Fluid inclusions are small volumes of paleofiuid trapped in minerals and the only direct
evidence of the role of the fluid in geological processes. This short course gives an
overview of fluid inclusions in different disciplines of earth sciences and related analytical

techniques.

The textural relationship between fluid inclusions and the host rock is the subject of “fluid
petrography”, an essential part of any rock study and an important issue in this course.
Cathodoluminescence techniques have shown to be helpful in the study of paleofluids and
are also included here. -

Attention is paid to the physico-chemical properties of the most important geological fluid
systems, which are essential for interpreting fluid inclusion data sets. Microthermometry,
the study of phase transitions in fluid inclusions at varying temperature under the
microscope is fundamental for any fluid inclusion study. Therefore the principles of this
technique and related computer programs are explained in more detail. Special attention
is also paid to Laser-Raman microspectrometry, a technique which has proved to be
highly powerful for fluid inclusion analysis.

Fluid inclusions provide indispensable information about geological processes, from high
temperatures at depth towards low temperatures near the Earth’s surface. Discussed are
examples of magmatic fluids, hydrothermal ore deposits, metamorphism, and diagenesis.

The course is meant for any earth scientist, student or professional, who has not been in
touch with fluid inclusions so far and wants to include this interesting and varied topic in
her/his future research. :

Program

Monday, August 27, 2012

9:00-13:00 Introduction. Definitions, historical notes, literature, classification of fluid
inclusions, daughter phases, mechanisms of fluid inclusion forming, Roedder’s rules,
) primary and secondary inclusions, fracture healing, post-trapping modification of fluid
| inclusions, autoclave experiments

14:00-18:00 Training: microscopy exercises.

Tuesday, August 28, 2012

9:00-13:00 Working procedure (sample preparation, equipment), destructive and non-
destructive fluid inclusion analysis, crushing stage, acoustic emission analysis, Laser

ablation ICPMS, principles of.microthermometry, isochore definition, computer programs,.
Raman analysis '




i SORBY HC (1858) On the microscopic structure of crystals, indicating the ornglt‘P fLw )
‘ minerals and rocks. Geol. Soc. London Quart. 1., 14, pt. I, 453-500. s,j?q

Regular issues

FLUID INCLUSION RESEARCH: - Proceedings of COFFI (1968-1998) Roedder E &
Kozlowski A (eds.) Ann Arbor. The University of Michigan Press.

ECROFI Abstracts (biannual from 1970). Abstract volumes Selections of contributions
o published in special issues of Eur. J. Mineral.

[L PACROFI Abstracts (biannual from 1984). Abstract volumes (some published in special
issues of Geochim. Cosmochim. Acta).

Literature selection "geofluids”

BODNAR RJ] (1983) A method of calculating fluid-inclusion volumes based on vapor
bubble diameters and P-V-T-X properties of inclusion fluids. Econ. Geol. 76, 535-542.
DUBESSY ], POTY B., RAMBOZ C (1989) Advances in C-O-H-N-S fluid geochemistry
based on micro-Raman spectrometric analysis of fluid inclusions. Eur. 1. Mineral. 1, 51 7-
534.

HALL DL, BODNAR RJ (1990) Methane in fluid inclusions from granulites: A product of
hydrogen diffusion? Geochim. Cosmochim. Acta 54, 641-651,

HUIZENGA JM (1995) Fluid evolution in shear zones from the late Archean Harare-
Shamva-Bindura Greenstone Belt (NE Zimbabwe). Thermodynamic calculations of the
CO-H system applied to fluid inclusions. Ph.D. Dissertation. Free University -Amsterdam.
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Fluid systems
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14:00-18:00 Fluid inclusion petrography, fluid-rock interaction, fluid-induced textur
14:00-18:00
Water-salt (ionic) systems with KCl, NaCl, and CaCl; in different geological envuronmen@

Training: Microthermometry, crushing stage, software (isochore calculation), videos.

Wednesday, August 29, 2012

9:00-13:00 Water-gas systems. Clathrate hydrate stability, fluid-mineral equilibria and
graphite stability, oxygen fugacity in rocks, COHN equilibria calculations, non-aqueous
systems CO,-CH4 and CO,-N, working with VX diagrams

14:00-18:00 Training: Microthermometry, software (COHN), videos.

Thursday, August 30, 2012

9:00-13:00 Basic principles of cathodoluminescence microscopy and application to fluid
petrology. Equipment. "Cold” and “hot” cathodoluminescence. Crystalline materials.
Activators, sensitizers, quenchers. Wavelength, energy.

| 14:00-18:00 Microstructures as a result of fluid-rock interaction: fluid pathways, paleo-
porosity, diffusional textures, healed microfractures. Examples.

il Friday, August 31, 2012

9:00-13:00 Fluid inclusions in the granitic-pegmatitic system, fluid inclusions in ore
deposits, fluid inclusions in metamorphic rocks (examples).

14:00-18:00 Free exercises, presentations of participants and discussion. Examination.
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solid-liquid equilibria at elevated PT conditions. Geochim. Cosmochim. Acta 56, 2281-
2293,
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Universidad de Buenos Aires
Facultad de Ciencias Exactas y Naturales

Referencia Expte. N° 501.207/2012

Buenos Aires, o § AGO 2012
VISTO:

la nota 21/06/2012 del Dr. Pablo R. Leal, Director Adjunto del Departamento de Ciencids Geoldgicas, mediante
la cual eleva informacién sobre el curso posgrado Fluid inclusions- Petrography and genetic interpretation of fluid
inclusions. Application of cathodoluminescence techniques, que sera dictado en el Segundo Cuatrimestre de 2012
(27 al 31 de agosto 2012) por el Dr. Alfonsus Martinus Van den Kerkhof y la Dra. Graciela Miriam Sosa (Geoscience
Center, University of Géttingen, Germany) .

la nota de la Dra. Teresita Montenegro obrante a fs 18 del expediente de la referencia,

Los CV de Alfonsus Martinus Van den Kerkhof y Graciela Miriam Sosa

CONSIDERANDO:

Lo actuado por la Comisién de Doctorado el dia 10/07/201 2,

lo actuado por la Comision de Ensefianza, Programas, Planes de Estudio y Posgrado,
lo actuado por la Comision de Presupuesto y Administracion,

lo actuado por este cuerpo en Sesién Ordinaria realizada en el dia de la fecha,

en uso de las atribuciones que le confiere el Articulo N° 113° del Estatuto Universitario,

EL CONSEJO DIRECTIVO DE LA FACULTAD DE
~ CIENCIAS EXACTAS Y NATURALES
RESUELVE:

Articulo 1° Autorizar el dictado del curso de posgrado: Fluid inclusions- Petrography and genetic interpretation of
fluid inclusions. Application of cathodoluminescence techniques, de 40 hs. de duracion.

Articulo 2°: Aprobar el programa del curso de postgrado Fiuid inclusions- Petrography and genetic interpretation
of fluid inclusions. Application of cathodoluminescence techniques obrante de fs 6 a 10 del expediente de la

referencia.
Articulo 3°: Aprobar un puntaje maximo de un (1) punto para la Carrera de Doctorado.

Articulo 4°:  Aprobar Ins sinuientes aranceles: 100 médulos para docentes de dedicacion simpie de la UBA; 250
moédulos para doctorandos de otras Universidades Publicas Nacionales, 400 médulos para Profesionales de
Organismos de Ciencia y Tecnologia y 1000 médulos para profesionales de empresas privadas y disponer que los
monts recaudados sean utilizados conforme a lo dispuesto en ia resolucion CD N° 072/03. :

Articulo 5°: Comuniquese a la Direccién del Departamento de Ciencias Geoldgicas, a la Biblioteca de la FCEN yala
Subsecretaria de Postgrado (con fotocopia del programa incluida fs 6 a 10). Comuniquese a la Direccion de Alumnos
(sin fotocopia del programa) Cumpiido, archivese: :

14 N 1
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Resolucién D N°

SPlmed / 13/07/2012
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ZWART EW, TOURER JLR (1994) Melting behaviour and com'position of aqueous ﬂq'l_di

inclusions in fluorite and calcite: applications within the system H,0-CaCl,-NaCl. Eur. Jo) Lkt

Mineral. 6, 773-786.
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BAKKER RJ (1997) ‘Clathrates: computer programs to calculate fluid- inclusion V-X
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BAKKER RJ, DIAMOND LW (2006) Estimation of volume fractions of liquid and vapor
phases in fluid inclusions, and definition of inclusion shapes. American Mineralogist 91,
635-657.

BOWERS TS, HELGESON HC (1985) Fortran programs for generating fluid inclusion
isochores and fugacity coefficients for the system H,0-CO,-NaCI at high pressures and
temperatures. Computers R Geosciences 11(2), 203-213.

BROWN PE (1989) FLINCOR: A fluid inclusion data reduction and exploration program
(abstr.). 2nd Biennal Pan-American Conf. on Research on Fluid Inclusions Abstr., 14.
BROWN PE, LAMB WM (1989) P-V-T properties of fluids in the system H;0+CO,+NaCI:
New graphical presentations and implications for fluid inclusion studies. Geochim.
Cosmochim. Acta. 53, 1209-1221.

HOLLOWAY JR (1977) Fugacity and activity of molecular species in supercritical fluids. In:
DG Frazer (ed.) Thermodynamics in Geology, D. Reidel - Dordrecht, 161-181. ~
MACDONALD AJ, SPOONER ETC (1981) Calibrations of a LINKAM TH600 programmable
heating-cooling stage for microthermometric examination of fluid inclusions. Econ. Geol.
76, 1248-1258.

SHEPHERD TJ (1981) Temperature-programmable heating-freezing stage for
microthermometric analysis of fluid inclusions. Econ. Geol. 76, 1244-1 247.

ZHANG YG, FRANTZ JD (1987) Determination of homogenization temperatures and
densities of supercritical fluids in the system NaCI-KCI-CaClI,.H,O using synthetic fluid
inclusions. Chem. Geol. 64, 335-350. i

Fluid inclusion experiments

BAKKER RJ, JANSEN JB (1990) Preferential water leakage from fluid inclusions by means
of mobile dislocations. Nature 345, No.6270, 58-60.

BODNAR RJ], STERNER SM (1985) Synthetic fluid inclusions in natural quartz. - IL
Application to PVT studies. Geochim. Cosmochim. Acta 49, 1855-1859.

BODNAR RJ, BINNS PR, HALL DL (1989) Synthetic fluid inclusions. -VI. Quantitative
evaluatian of the decrepitation behavior of fluid inclusions in quartz at one atmosphere
confining pressure. ]J. metamorphic Geol. 7 (2), 229-242.

CORDIER P, DOUKHAN JC, RAMBOZ C (1994) Influence of dislocations on water leakage
from fluid inclusions in quartz: a quantitative reappraisal. Eur. J. Mineral. 6, 746-752.
STERNER SM, BODNAR RJ (1989) Synthetic fluid inclusions - VII. Re-equilibration of fluid
inclusions in quartz during laboratory-simulated metamorphic burial and uplift. J. metam.
Geol. 7 (2), 243-260.

WATSON EB, BRENAN JM (1987) Fluids in the lithosphere, 1. Experimentally-determined
wetting characteristics of CO,-H,O fluids and their implications for fluid transport,
hostrock physical properties, and fluid inclusion formation. Earth Planet. Sci Letters 85,

497-515.




