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///// What are geological fluids?

The chemist’s fluid:

— Water-based

— Room temperature

— Eqg. atmospheric gases
— Low salt concentration
— Easy to sample

e Chemistry of diluted media
e Classical analytical techniques

_ Raman scattering cross sections CO, H,O Experimental devices Examples



///// What are geological fluids?

The geologist’s fluid :

— 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?

e Specific chemistry (Pitzer, etc.)
e Specific analytical tools

_ Raman scattering cross sections Co, H,O Experimental devices Examples
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Entrapped in fluid inclusions = pvolumes

e Raman spectroscopy of geological fluids:
— Molecular composition = f(P,T,V)

‘ — Water structure

— Localized: pvolumes
— Non-destructive
— ~ Quantitative

_ Raman scattering cross sections Co, H,O Experimental devices Examples
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Relative differential Raman scattering
Cross sections



///// Relative differential Raman scattering cross sections

doc  (2m)*b7g;(45a} + 7y} )(vo — )
Gas: Q0

45 [1 — exp(— hcv])]

Geological fluids _ Co, H,O Experimental devices Examples



Wy

gy (2331 TR 1150 T) s {2331 T 4155 T)

- m——
o

C
5 1
_—
E 0.9
E 08
[~ —
07 4 - :
250 450 650 850 1050

T(K)

S0,

1250

Variation of RDRSCS with T

Raman scattering cross sections

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




/// Differential Raman scattering cross sections

4p2 2 2 _ )
dg — (2m) bj Y (45&1 w1 )(VO V]) Schrotter & Kléckner 1979

Gas: 00 hcv;
45 [1 — exp(— k—Tf)]
0j
e For one gas: Ay =Io X G X =5 X T X &
: Ci Ai/(%xai) Ai/ o} Wopenka & Pasteris, Appl. Spectr. 1986

e For a gas mixture: = ST 2N = 347 P PRI SPECEr

2 C; ZAi/(a—Q‘xEJi) YAi/0;

. 9o 1. . do n(n +2)%(ng +2)? (g +2)*
: — = — L= 2
* Inliquid: == (liquid) ~ (gas) X L S -
L: internal field effect factor Eckhardt & Wagner, J Mol Spectr 1966

Raman scattering cross sections
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CO, and water
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The Raman spectrum of CO,

2V,

vV

Fermi resonance

\

Bending
~ 667 cm

co,

Stretching
~ 1337 cm
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TaeLe II. Some CO; transitions giving bands
in the 4.3-4 region.
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// Density effects on Fermi diad splitting and intensity
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Geological fluids

Raman spectroscopy of liquid water and aqueous solutions
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Co, - Experimental devices

Examples
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Geological fluids Raman scattering cross sections Co, - Experimental devices Examples
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Geological fluids Raman scattering cross sections
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Experimental devices for the study of
geological fluids by Raman spectroscopy



1. Synthetic fluid inclusions

='02% Qf

26°C L 28.0°C
@% B —9 260
4 350% — 18 \
@% 15- %
375°C 0.0°C 260t 30.5%C
! 22 24
9 " 280%

?\10?\11?\129\13 ‘Q @ 26 27 — ;3
382880050 B

From natural or lab-growth crystal (crack & heal)

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

Creation of microcavities by laser ablation



2. autoclaves

With immersion probes

5-200 bar
25-300 °C

Geological fluids Raman scattering cross sections Co, H,O _ Examples




///// Chou et al., GCA 2008 3. Silica capillary cells 1-2000 bar
-196 — 400 °C

capillary fixing system

Y-axis heating

entrance adjusting screw  stage

= -
RINnney,
| = T

X-axis adjusting screw
Experimental devices



thermocougll
wires{

Up to ~1000 °C
1-20 GPa
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Some examples of geofluid studies by
Raman spectroscopy



/// Gas solubility: CO,

to Raman spectrometer

to temperature f
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Caumon et al., JGGC 2016
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Optical fiber coupled
ta the Raman
spectrometer

Connection to o high impedance
oH-meter

Zr,-based pH probe

Corr Instruments®@
Raman probe

Eaiser Optical

Systems Inc. 0 External Pressura Balanced Reference

(EPBRE} Ag/AgCl probe
Carr Instruments®

Coaling jacket
— wiater clrculation

Pre
Magnetic stirrer ‘1— ressure gauge

Fluid sampling ———=

’ _ wi— Gas sampling

_‘}* ‘-1

Bolt-closure hydrothermal cell

made of titanium grade 3
Parr Instrament®

CO, solubility & pH vs. temperature and salinity
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///// Sulfur speciation vs. temperature

Host mineral : fluorite
Aqueous phase
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Geological fluids Raman scattering cross sections CO, H,O Experimental devices



=
=

Fluorit ; -
et Host mineral : fluorite
VG2 Agqueous phase
(40'7 -442 cm™) S,
(1068 cm)
vSa' '

= I(532 cm) |
= | | 3v 33‘ 4v S3‘
= | (1608 cm™) (2133 cm™)
> | I - +
@© |
= | I l |
o]
. ] I I I
P L | | |
c i | | ' 4. .
E I | | |

| L 3-1 150°C

N | | I

N 0 | 100 °C

I I | I

LE 1 Gl - | L. 25°C

200 600 1000 1400 1800 2200 2600 3000 3400 . 3800

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

Geological fluids Raman scattering cross sections CO, H,O Experimental devices

Wavenumber (cm)




Iy

Standard solutions :
SO,* - Na,SO,
HSO, - H,SO,

H,S - Thioacetamid (C,H:;NS)
Sy —> given by Pokrovski and
Dubessy (2015)
0,04 -
~_ ( 2
0,035 - : . . o
Sulfur species calibration at 200°C
Caumon et al., 2013 1cm
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I
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T 002
o) —
2 _— C; (mol/L) = ki(T) x A,
C, = specie concentration
0,01 4 k, = calibration coefficient
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) ¢
Barré et al., SGA 2015 0 o2 o o6 o8 :

& Geology (Su bmitted ) S0O,Z concentration (mol/L)



//// / Natural fluid inclusions
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Diffusion of CO, in water
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Pressure gauge
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Belgodere et al., ) Raman Spectr 2015
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/// Salinity of fluid inclusions

backscaterred Raman intensity / a.u.
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salinity / massi MNaCl
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Salinity of fluid inclusions must
be measured putting the host
crystal at its extinction position.
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