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[ Previous experiments J

published re-equilibration experiments in the H,O-NaCl system

> AP |
> Af - changesin T,

> f-quartz stability field |:> tnegtsua[ﬁlrl]ict:hiﬂgﬁse
> short experimentation time Yy g

20 mass% NaCl

Sterner & Bodnar (1989)

host quartz
> Nf « preferential H,O loss/gain only
> a+p-quartz stability field |:> in f-quartz
> short experimentation time  insufficient experimental data
Argon or H,0 * inconsistent T, - T, pairs
Sterner et al. (1995)

host quartz
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Research Topic J

» Can H,0O-NaCl rich fluid inclusions change their properties
in varying geological environments?

» Which processes are responsible for post entrapment alteration?

» How efficient are these processes at a variety of T-P conditions?

BT n
: : Water-diffusion through "E
For example: Diffusion 4| quartz at 337 MPa a
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Temperature / °C
Doppler et al. (2013) Contrib Mineral Petrol, vol. 165
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[Experimental procedure}

SyntheS|S Experimental P-T
» 337 MPa
> 600 °C
» 19 days
1) H,O-NaCl fi‘s 1) pure H,0O fluid inclusions
GMRO005 - 20 mass% NacCl GMRO004

GMRO003
GMRO014 - 16.4 mass% NaCl

GMRO11 > 10 mass%

Analysis
numbers: ~100 fi ‘s per experiment

inclusion depth, size and shape

microthermometry (T,,and T )
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[Experimental procedure}

Re-equilibration

Re-equilibration equal T and P
Original synthesis

20 mass% 16.4 mass% 10 mass% pure H,O
R005c (5d) Doppler et al.

pure HZO RO05a (19d) R0O14a (40d) RO1la (19d) 2013 (Wlth DZO)
ROO05b (40d)

16.4 mass% RO14b (170)

BLANC

R004d (19d)
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Fluid inclusion examples]

10 mass% NaC

G S ™ 500 un.
- P . " -

Relatively high solubility of host quartz

s R
. after 40 days 7
/ g ——> /
no morphological
changes!
10um
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Diffusion

pure H,O

fiH,O) = 175.855 MPa
V., =25 cc/mol
p=0.720622 glcc

->

Fugacity gradients H,O

Af
20 mass%
(NaCl-H,0)

fiH,0) = 156.1711 MPa
fiNaCl) = 0.0000562 MPa
V., =24.14885 cc/mol

p =0.865812 glcc

calculated with software package ,FLUIDS*

program Loner AP (Bakker, 2003)

R0O05a,b,c Af(H,O) =11% 2 20 MPa

RO14a
R0O14b
RO11a

RO03c
R004d

Af(H,0) = 13% 2 21 MPa Oi“
Af(H,0)=0% =0MPa Y

Af(H,0) = 4% =2 7 MPa

Af(H,0) =-12% 2 -19 MPa Oft

Af(H,0) =-12% =-19MPa
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Exp. RO03c & R004d |

298

297 1

Synth.: pure H,0
Re-equ.: 20 mass% NaCl

296 1
2951
294 1
293 1

292 1

re-aqu. T(LV-L)/"C

291 1

290 1

DRO04d
2891 AROD3C
288 ¥

288 280 200 201 202 293 294 205 206 297 298
synth. T,(LV+L)/°C

Results:
» water diffusion according to fugacity gradients
» no NacCl diffusion!
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[ Microthermometry J

- NaCl concentration by variable melting temperatures

—> fluid density by variable homogenization temperatures

7 7 _ 9
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J . '.I' i J T e L J
& 3 -,?ilrlgllrrlEZl:':-’:.NaL:I] = 3] ?_%.lrsl,‘t.lfﬁia':-gmac[. L o 7]
~ 1 / =11 |/ = 9 .
— ¥ — {} - o | Irtal
t -1+ W b 9 4| synthesis
=] ’ = Fx. RO14b = 7 4| (16.4 mass NaCl)
=31 | [rot1a K L =1
-5 1 \l : -5 1 e _ -11
74 19 days - 7 17 days - 34
g - — -0 . . - ’ . '
-6 -7 -8 89 -10 12 13 14 <15 -16 12 13 -14 -15 -16
T (lee) ! °C T.(lce)/°C T.(lce)/"C
synth. 10 mass% NacCl synth. 16.4 mass% NacCl synth. 16.4 mass% NacCl
re-eq. pure H,O re-eq. pure H,O re-eg. 16.4 mass% NacCl
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[ Microthermometry J

synthesized 20 mass% NaCl

320-————————
T.{lce) ! °C
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[ Microthermometry J

synthesized 20 mass% NaCl
re-equilibrated with pure H,O
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= 335}
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Microthermometry

synthesized 20 mass% NaCl
re-equilibrated with pure H,O

345

340

335

«L)/°C

=

=330

=
325

320

345

| R005a

340}
(& ! :
= 335 |
"'_I"" |
T |
R = 1
ROO5C =330
325
320 !
! 155 -165 -17.5 -185 -195 205 -21.5 -225
8 T.(lce) 1 °C
=]
3 o WEdB
o 5 days
00 y
o '!%u
g °
155 -165 -17.5 -185 -195 -205 -21.5 -225
TAlce) ! °C

10/ 15



Microthermometry

synthesized 20 mass% NaCl

re-equilibrated with pure H,O
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_
J
345———
R005bH !
synthesized 20 mass% NaCl 340
re-equilibrated with pure H,O © s
21330
=
345 i
1 R005a | 305
3401 | [
o —.155 -16.5 -175 -185 -195 -205 -21.5 -225
= 335 | » . T,(lce) / °C
¥ ] [
345 L . i E 1 ﬁ‘ 19 dEiy'S
ROO5C =330
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o | : |
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Microthermometry

J
345 ———— : ~
ROO5H | [
synthesized 20 mass% NaCl 340 ' 0 a“:% E
. : P 8$&” |
re-equilibrated with pure H,O © -
a P 2 2 335 °o§ o %
:—1' & o2 40days
= 4] Q
EEED o Op
345 i
e 325 _ i
1 i ® |nitial synthesis |
340 : © Re-equilibration |[
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[ Microthermometry ]

AT, (LV=L)/"C

131 |PT,
1 EDDE?C- Hﬂﬂﬂb & & y
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1 337 MPa - O &
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[ Microthermometry ]

AT, (LV=L)/"C

13 : P-Te.
11 - 600 °C
1 337 MPa
g J
7 1
9 ] Initial Initial
3 synithasis synthasis synilhesis
| (10 mass% NaCl) (16.4 mass%% Naﬂd& 120 masst Na@l]
1 -

bl

E
B

/;u

_ £ RO14D /%8 o sl
_ RO11a @ L

-5 1 /nw/

-7 : 19 days 17 days FO0a¢ 5 days

6 7 -8 9 -10 -11 -12 -13 -14 -15 -16 -17
T (Ice)/ °C

Theory:

H,O loss = decreasing density & higher salinity
NaCl gain = higher salinity & higher density
H,O gain = increasing density & lower salinity

AT (LV-L)/°C

=23
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[ Microthermometry ]

AT, (LV=L)/"C

137 P-Te
11 - 600 °C
1 337 MPa
9 1 40 days__
7] %R014
9 ] Initial Initial Initial
3 synithasis synthasis synilhesis
| (10 mass% NaCl) {164 mass NaCl) (20 masst Nall)
'1 o 4 \x RS __'_,__,-'-’,
. b
-11 °
o] RO14b ,/;m
= RO11a " o ®
-5 1 : @
.7 19 days 17 days n_ﬁ@ffg
-9 1 . . 1 . "
-6 -7 -8 9 10 11 12 13 -14 -15 -16
T (lee) /°C

Theory:

H,O loss = decreasing density & higher salinity

NaCl gain = higher salinity & higher density

H,O gain = increasing density & lower salinity

AT (LV-L)/°C

=23
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[ Microthermometry ]

AT, (LV=L)/"C

13] |PT.. -
11 - 600 °C ‘g
9 1 337 MPa g oy

] 40 days___

] e s 4 40 days
5 | — [ ROO5a 8,

. Irtial Irietial Irtial o
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T (lee) /°C
Theory:

H,O loss = decreasing density & higher salinity
NaCl gain = higher salinity & higher density

H,O gain = increasing density & lower salinity

AT (LV-L)/°C
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[ Concentration profiles J

Fluid system
Experimental conditions Synthesis: 20 mass% NaCl
P = 337 MPa Re-equilibration: pure H,O
T =600 °C
Original Synthesis
20 mass% NaCl T.(lce)/°C
Gy 8 9 20 21 22 -2
L Q
‘ 3’,? ® o g
50 1 ¢ $§ 8, © ° &
£ $2°%0 ° o “ogg
5100 :.".-.2 ¢ o &
= ° Q00
= 00 o fg
& 150 4 % ° & o
= . .O;-- 0° 0°
e < °%
200 » i.- ROO5b
on=87) o o°®° o
°(h=e6)  ROO5a
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[ Concentration profiles J

Fluid system
Experimental conditions Synthesis: 20 mass% NaCl
P = 337 MPa Re-equilibration: pure H,O
T=600"C
Original Synthesis
20 mass% NaCl T.(Ice)/°C
46 | 17 18 19 20 21 22  -28

50 1 ® 8 b © o)

Depth / pm
4
L ®
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f l.l
o o0
o ]
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150 e g0l o o
| L ‘ |
L o 1
200+ e Vo, ROO5b !
B ™ \
.{":B?} < -1.9 days o!
O(n=66)  ROO5a 40 days

No depth dependency!
Diffusion independent concentration profile!
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[ Concentration profiles J

Fluid system

Experimental conditions Synthesis: 20 mass% NaCl
P = 337 MPa Re-equilibration: pure H,O

T=600 °C

®(n=87)
- O(n=66) |

Rel. size
L ]
[ ]
(=]
o

ﬂoo 0 0,0
o
I"da gmn
o SQB
16 17 18 19 20 21 22 23
Original Synthesis T.(lce)/°C

20 mass% NaCl
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[ Concentration profiles J

Fluid system
Experimental conditions Synthesis: 20 mass% NaCl
P = 337 MPa Re-equilibration: pure H,O
T =600 °C
19 days ®(n=87)
* g 40 days ~ ©(n=68) |
Q I

Rel. size

46 § 47 18 9 20 21 22 23
Original Synthesis T.(lce)/°C
20 mass% NaCl

Size dependency!
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Conclusion J

Where is the NaCl coming from? surrounding fluid

crystal defects in synthetic healed cracks

healed crack

Check with LA-ICP-MS! ——— >
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Conclusion J

Where is the NaCl coming from? surrounding fluid

NaCl |

crystal defects in synthetic healed cracks

healed crack

Obrine
A

Check with LA-ICP-MS! ——— >

Where is the H,O gone?

crystal defects in synthetic healed cracks

Check with TEM! T >

- Independent of fugacity gradients!

—> Internal re-distribution of species!
Bakker & Jansen (1994)

14/ 15



Thank you for your attention!

Fluid Inclusion Team
University of Leoben

Amir
Azim Zadeh

Miriam

Baumgartner

Ronald J.
Bakker

Gerald
Doppler

LLIF

Der Wissenschaftsfonds.
This study is financially supported by the Austrian Research Fund (FWF): P 22446-N21



