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What are geological fluids?

– Water-based

– Room temperature

– Eq. atmospheric gases

– Low salt concentration

– Easy to sample

• Chemistry of diluted media

• Classical analytical techniques

The chemist’s fluid:
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What are geological fluids?

– Large temperature range (< 0°C → > 1000 °C)

– High pressure (atm. P → > 2 GPa)

– Complex chemical systems (large salt concentration, 

organic species, dissolved gases…)

– Low water content (silicate fluids)

– Samples?

• Specific chemistry (Pitzer, etc.)

• Specific analytical tools

The geologist’s fluid :
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• Raman spectroscopy of geological fluids:

– Molecular composition = f(P,T,V)

– Water structure

– Localized: µvolumes 

– Non-destructive

– ~ Quantitative

Geological fluids Raman scattering cross sections CO2 H2O Experimental devices Examples

Entrapped in fluid inclusions = µvolumes

20 µm



Relative differential Raman scattering

cross sections



Relative differential Raman scattering cross sections

Gas:
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Garci Baonza et al., EMU Notes vol.12, 2012



Differential Raman scattering cross sections

• For one gas:

• For a gas mixture:          
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Eckhardt & Wagner, J Mol Spectr 1966

Schrötter & Klöckner 1979

Wopenka & Pasteris, Appl. Spectr. 1986

L: internal field effect factor



CO2 and water



The Raman spectrum of CO2
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Fermi resonance

Bending

~  667 cm-1

Stretching

~ 1337 cm-1
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Fall et al. GCA 2011



Tourin, JOSA 1961
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92%

At room temperature, 92% of CO2

molecules are in the ground

vibrational state.

92%



Density effects on Fermi diad splitting and intensity
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Garrabos et al. J Chem Phys, 1980 Fall et al. GCA 2011



Hacura, Phys Lett A 1997

Pure CO2

CO2:N2 1:1

50°C

Effect of gas mixture composition



Raman spectroscopy of liquid water and aqueous solutions
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Garcia Baonza et al., EMU Notes vol.12, 2012
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Garcia Baonza et al., EMU Notes vol.12, 2012
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Rull & Saja J Raman Spectr 1986
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Chlorinity effect

on H-bonds.
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Garcia Baonza et al., EMU Notes vol.12, 2012



Experimental devices for the study of 

geological fluids by Raman spectroscopy



1. Synthetic fluid inclusions

Creation of microcavities by laser ablation
From natural or lab-growth crystal (crack & heal)

Sterner & Bodnar, GCA 1984 Dubessy et al., EJM 2000



2. autoclaves
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With sapphire windows

With immersion probes

5-200 bar

25-300 °C



3. Silica capillary cells
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1-2000 bar

-196 – 400 °C

FSCC

Chou et al., GCA 2008



4. HDAC
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Up to ~1000 °C

1-20 GPa Schmidt & Chou, EMU Notes 12, 2012



Some examples of geofluid studies by 

Raman spectroscopy



Gas solubility: CO2

In autoclave
Using capillaries

Caumon et al., IJGGC 2016 



Caumon et al., IJGGC 2016 



CO2 solubility & pH vs. temperature and salinity

Truche et al., 

GCA 2016



Sulfur speciation vs. temperature
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25°C

Fluorite BO3
3-

Barré et al., SGA 2015

& Geology (submitted)
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200 °C

150 °C

100 °C

25 °C

Barré et al., SGA 2015

& Geology (submitted)



Caumon et al., 2013

Standard solutions :
SO4

2- � Na2SO4
HSO4

- � H2SO4
H2S � Thioacetamid (C2H5NS)
S3

- � given by Pokrovski and 
Dubessy (2015)
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Sulfur species calibration at 200°C 

Ci (mol/L) = ki(T) × Ai

Ci = specie concentration
ki = calibration coefficient
Ai = H2O-normalized Raman peak

Barré et al., SGA 2015

& Geology (submitted)
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Barré et al., SGA 2015

& Geology (submitted)



Uranyl speciation in LiCl solutions

Dargent et al., EJM 2013



Speciation diagram vs. temperature

and LiCl concentration

Calculation of equilibrium constants Kn+1

UO2Cln
2n

(aq) + Cl-(aq) = UO2Cln+1
1n

(aq)

Dargent et al., EJM 2013



Diffusion of CO2 in water

Belgodere et al., J Raman Spectr 2015



Belgodere et al., J Raman Spectr 2015



Salinity of fluid inclusions 

FSCC

Fused Silica Capillary Capsules

Caumon et al., EJM 2013



Salinity meas. in birefringent minerals

Caumon et al., J Raman Spectr 2015

Salinity of fluid inclusions must 

be measured putting the host 

crystal at its extinction position.



Salinity of metastable inclusions

Tarantola & Caumon, J Raman Spectr 2015

Distorsion of H-bonds in the metastable state.
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