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“Equilibrium”

\1/50um Porosity = ~ 1.0%
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Figure 17.6 Phase 600 |-
diagram for H,0 at
relatively low pressures.
The solid-liquid boundary 500 -
is very steep, but in fact o
has a negative slope. ﬁi}ﬁ :374 C, 221 bar
400
<]
o
[
s 300 L
& - &
i3 = &) B Critical point
= S Liquid water
FERM I EE#Tt 2—HP 200
Ice
40+ Figure 17.7 Phase 100 -
diagram for H,0 at high
pressures. Ice IV, not
shown, is a metastable or
SO Vil form of ice in the region /, V. V\{atervap?r )
o2 of lce V. 0 100 200 300 400

Temperature, c

Pressure, kbar
n
o

Anderson (2005)
Thermodynamics of Natural system, Cambridge

- To critical point ﬁﬁﬁﬁﬁiﬁk i&ﬁ@ﬁt‘ﬁ;ﬁﬁ&
TR SEOREVD FEBTRILF—ERLIMHAD

Temperature,°C

Liquid




i

R LR

LTy
P.=48.00 atm

/e=1.8839cm3/g

Te=150.72 'K

1-4 FrEy ORBHEKXOV ) -7

KRAELSKRDIREFFEKXDBH (van der WaalsD =)

a

P
+ 173

(V —b) = RT

AR

3|

EfEEF LR TR

# 1-3 MWkl LURBHEAHORAER (1atm = 101325Pa)

AR

1.00
1.0j
0.8] 75°C
2 50°C
0.6 ¢
25°C
0.4 Se
0.2
—25°C
SR | . Ny
0 100 200 300 400 500 0 0.2 04 06 08

P/atm —>

P/atm —>
(a) (b)

M 1-3 (a) ERRETFOENZEL (REX=2>v (37°C) L4HL0°C)
(b) 7vE=7OEMBEATFOREKRFHE

. [ P v PoVe PcM
e | % | e el | S
Ar 1224 | 481 | 0.53 0.201
Bry 31l 102 1.2 0.288
co —140.24 | 3453 | 0.301 0.204
CO, 31.0 72.8 0.468 0.274
s, 279 78 0.44 0.208
Cl, 144 76 0.573 0.275
D, —234.9 | 16.3 | 0.0660 0.313
F —128.85 | 5147 | 0.574 0.288
HBr 2.0 | 84.4 — -
HCI 5.5 | 82.0 | 0.5 0.219
HI 150.8 | s2 = =
H, —210.17 | 12.76 | 0.0314 0.303
HO 373.99 | 217.6 | 0.32 0.230
S 1000 | ss.2 | 0.316 0.283
He —267.96 | 2.24 | 0.0698 0.303
NH, 12.4 | 113 | 0.285 0.212
NO -03 64 0.52 0.250
NO, 158 100 0.55 =
N -u7.0 | 33.5 | 0313 0.202
Ne —28.75 | 21.2 | 0.484 0.312
0, —u8.57 | 49.77 | 0.436 0.288
0 —121 | 5 0.54 0.228
PH, 5.6 | 645 = —
SF, 45.54 | 3710 | 0.738 0.282
S0, 157.6 | 77.81 | 0.525 0.306
Xe 16.583 | 57.64 | 111 0.200

MIBEORRE FI-ED FHRE 1979

2012/11/19



izl

Specific volume

MIEDERNFRNE

Entropy
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Fig. 3. Schematic P—T projections of phase relations illustrating contrasting behavior of simple two-component systems. Grey lines indicate
phase relations for one-component systems H,O and hypothetical composition 4: black lines represent relations for 4-H,O mixtures.
Labeling of fields is for HyO-rich systems. (A) The system 4-H>O, in which the critical curve and solubility curve do not intersect. NaCl—
H,0 is an example of such a system. (B) The system 4-H,0, in which the critical curve and solubility curve intersect. This yields two
critical end points (C1 and C2). Short dashed lines denote metastable portions of curves. Albite—H>O is an example.
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BRRIGTABIEAILRE
hydrous fluid D;EF0 :
SNEDACEER

Air bubble

T =899 °C

P=146Kb

Fig. 1. The system haplogranite-H2O in an externally heated diamond cell, from room temperature to $99°C and 14.6 kbar. The bulk
density of water in this experiment was 0.95 g cm . For further explanations see text.

H. Bureau, H. Keppler/Earth and Planetary Science Letters 165 (1999) 187-196
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Diamond Trap

Fig. 5 MgO and SiO; (wt%)
in the fluid as a function of
temperature (calculated from
Table 1). Solute contents in the
fluid increa

steps ¢
(1,150 °C) and at 9 GPa
between 1,050 and 1,100 °C
(clinohumite + enstatite — for-
sterite + fluid). The steps at
1,150 °C indicate that a
distinction between fluid and
melt is still possible. Errors are

within the size of the symbol if i
not otherwise indicated MgO Fo En SiO2
Capsule (Au) wt.%

Fig. 9 Fluid and melt compositions (wt%) at the respective solidus
temperature for several different pressures (summarised from
Fig. 8). Both fluid and melt exhibit an enhanced Mg/Si with
urs cxperiments. The Auig asing pressure. Probably the fluid approaches the composition
p facilitates the analyses by of the melt at pressures significantly higher than 10 GPa. Note that
L s with increasing pressure the solute content of the fluid changes

much more than the water content of the melt
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MgO-SiO,-H,0: 20 GPa, 1150°C
Contrib Mineral Petrol (2001) 140: 607-618

Lhez-COZ-HZO: >7.5 GPa, lOOOOC DOI 10.1007/5004100000212
(Wyllie &Ryabchikov, 2000, J. Petrol)
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Fig. 4. (a) PT diagram illustrating phase relations near the second critical end point (C2) in the system albite—H,O. Critical curve, solubility
curve, and isopleths of albite solubility (dashed, in wt.%) from [71,72]. Thick solid lines represent two schematic subduction paths passing
below (1) and above (2) the critical end-point. Shading indicates the region of greatest change in fluid composition. The Jd + Q solidus is queried
because it is not known how it is affected by C2. Abbreviations: Ab, albite, Jd, jadeite; L, liquid; Q, quartz; Sf, supercritical fluid; V, vapor. (b)
Phase relations of albite—H,O along Path 1 as function of H,O concentration. (c) Phase relations of albite—H,O along Path 2 as a function of
H,O concentration. Light shading represents the region shaded in (a). In (b) and (c), the dark shaded band represents typical H,O contents of
geologic systems. (d) Comparison of the variation in dissolved silicate in the phase coexisting with albite along Paths 1 and 2.
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Table 1
Compositions of the starting glasses in wt.%
Fig. 5. Location of the critcal curves in various silicate melt
50 sy: conditions of amphibole dehydration Haplogranite Cabearing granite  Dacite Tholeiite Nepheline Jadeite
[24). the P.T regime of old oceanic lithosphere [27]. and the P.T N 58 39 4 68 46
gi of as d sla Ne phel S
T i }',';L“‘:"h'_‘p'lll_mm o = mephelin: 4D $10y 7365£032 7160062 64514026  51.09+034  3942£023 5880 £028
e A10s 11774019 13294015 1620011 1478010  3035+019 2294 +015
N0 466£008  394£010 407£009  286+008  4IS£015  1418£017
X0 426£006  354£006 117003 046£002  914£009 0
a0 0 193 %004 641£010  1508£015 0 0
MgO 0 0 326+005  1068+010 0 0
Total 9434 9430 9562 9495 93.06 95.92
H0° 502 489 380 462 42 3.06
Total (with water) 9936 99.19 99.42 9957 9738 9858

 Number of microprobe analysis.” Water contents were determined by Karl Fisher titration (£0.2 wt. %),
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haplogranite-H,0%solvus ( 12.5~16.9 kb)

Supercritical fluid [Emelt|ZH RH20F& <OH{E L\

850 supercritical fluid 2
—612°C
800 | 18 | —7620C
o L6 7——8%"(3
°E 750 L
| Hy0+0H
E 700 12 |+
2 melt+fluid 1t
E Aqueous fluid phase
5] 08
= 650 [
06 Supercritical Fluid
600 04 |-
02
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Fig. 4. Phase diagram of the system haplogranite—H>O under . . - )\ sen
1sochoric conditions for a bulk density of water of 1.016 g cm—3. ) Hydrous fluid q: 0)5|I|catemn =
The compositions of the coexisting phases were derived from J'EI;H&L\

ig-sim FTIR spectra. Open and closed symbols refer to two 'solvuslﬁﬁﬂhfflat
different sets of measurements.
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Vapor £ Melt -~
Solution
Sassolite
(H;BO,
25 ym " Solids -

25 um Vapor

Fig. 1 Meltinclusions in pegmatite quartz from Ehrenfriedersdorf,
Germany. a A-type melt inclusion. Solids (feldspars, quartz, mica,
and others) occupy about 80% of the total inclusion volume. b
B-type melt inclusion. Solids (feldspars, quartz, mica, and others)
occupy about 60% of the total inclusion volume. ¢ A-type melt
R. Thomas - J. D. Webster - W. Heinrich inclusion, completely rechomogenized at 650 °C and 1 kbar. d
Contrib Mineral Petrol (2000) 139: 394-401 B-type melt inclusion, completely rehomogenized at 650 °C and

1 kbar. Phase separation into glass, liquid, and vapor occurred
during quenching

pegmatited M melt inclusion
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1 kb CTMsolvus yEL=EmiER)

Table 2 Representative oxide and clement concentrations in the
A-type and B-type melt indusions homogenized at 650 °C and
1 bar. d.I. Detection limit, n.d. not determined

single phase melt

7501 A-type ind : inc -type incl
o) ype melusion  B-type inclusion  B-type inclusion
(supercritical) (glass portion)  (glass + solution®)
7004 109 6108 + 1.2 37.98°
o fluid-rich 0o di. -
5 silicate 02 080 £ 006
< 6501 melt melt (B) 1169 = 0.52 1404 £ 0.77
- 0.2(°F n.d.
= 029 + 0.0
- 4 004 = 0.01
g 600 di
003 = 0.01
g‘ 550- melt A + melt B 320 + 0.14
] 301 & 0.55 3
= 044 £ 004 055
01z 149 + 0.24
500+ 3.20 £ 0.31 0.92
i . . - v » 450 £ 0.25 4.19
- 0.14 + 0.02 0.35 + 0.02
0 10 20 30 40 50 H-0 980 + 1.2 90 +0.T
L% Sum  101.28 101.27
H,0 (wt.%) ASI 132 1.42

ig. 3 Pscudobinary wt% H>O versus temperature plot of “The aqueousphase contains 8.5 £ L1 wi% NaCleq: NaCl/KCI
= = ~1 (from cryometric measurements)

rchomogenized A-type (closed circles) md B-lypc mcl} mcluslon:s B efialied asiniing Presence: pily. b the:elans portion
(open circles) in pegmatite quartz Qu8 from Ehrenfriedersdorf, “Determined by ion microprobe (SIMS) at Woods Hole Oceano-

Erzgebirge, Germany. Pressure 1s ~1 kbar graphic Institution, MA, USA, as a maximum (sec Webster et al.
= = . 1997)
S, .. “ ” 4 Cakulated from the boron acid {H,BO,) concentration in the
" 'i 'almmlsclble melts liquid of B-type melt inclusions. According to the melting tem-
) P B B
N perature of 51 = 1.5 °C of the sassolite daughter crystals, a con-
" soIvusTE.‘:.‘Il?‘J\ﬁL\ centration of 10.5 wt% H,;BO, in the liquid was estimated

“Value from Table |

= HEAFEMFIEDH

Il

A starting glass with the bulk composition (in wt%): SiO,
58.7, Al,O3 = 16.5, B,03= 5.0, Na,O = 2.9, K,O = 3.7 Rb,O
1.1,Cs,0=1.0,Li,0=0.5,P,05=4.2, F4.6, and H,O = 1.5 was

. aluminosilicate melt
O hydrosaline melt ——>contains (in wt%): SiO, = 23.2, ALO; = 21.4, B,O; = 15.6,
O aqueous fluid Na,0=5.1,K,0=24,Rb,0=1.1,Cs,0=1.0, P,05=2.6,F=

? 17.5, the remaining 18% being mostly H,O and minor Li,O.

(550°C, 0.2GPa)

FIGURE 1. Photomicrograph (a) and explanatory sketch (b) of a
plan view into the sample chamber of HDAC during slow cooling from
830 10 810 °C and ~0.4 GPa. Globules of hydrosaline melt and fluid
bubbles nucleated and grew inside aluminosilicate melt while beads of
the aluminosilicate melt precipitated from the hydrous fluid implying
close approach to thermodynamic equilibrium. The diameter of the

sample chamber is 0.4 mm.
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Figure 3. Vapor-liquid distribution constant
(log Kp) for Cu and Zn and its dependence

Determination of liquid/vapor partitioning of Cu and Zn
by using synthetic fluid inclusion method and SR-XRF

Liquid
inclusion ~
¥ Vapor

"inc_lus_io.r_l T 10,m‘

Figure 1. Typical example of Cu and Zn

in fluid ir synthe-
sized under sulfur-rich conditions (run 18B).
A: Optical microscopic image of X-ray irra-
diated area. Both vapor-rich and liquid-rich
inclusions are present. B: Fluorescent X-ray
image of Cu showing concentration in the
vapor inclusion. C: Fluorescent X-ray image
of Zn showing concentration in the liquid
inclusion.

3 This study
500 °C, 35 MPa 2 . Simona i)
2F e Cu * & Cu@ 1420
<O Zn g% 0314
1k 1F - = O o0
! N3 -
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/ mmi-zpm <Min liquid o o i S Cu Din
ik By b Bajo de la Alumbreral
- S 1 9 . o PR
MRt tie] S a- § Rito del Medio
2 O —2F £ eCu OZn
v Canada Pinabete
5 ) X X 4 . v Cu zn
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Sulfur content (mol’kg Hz0)

on sulfur content at 500 °C and 35 MPa.

Nagaseki H.

Geology, January 2008; v. 36: no. 1; p. 27-30; doi: 10.1130/G24173A.1

Pliquid / Pvapor

Figure 4. Comparison of log Ky values for Cu and Zn obtained in this study (both S-bearing

and S-free experiments) with natural samples. Analytical data for coexisting vapor- and
id-rich inclusions in hydcothermal ore deposits are {rom the Mole Granile (Audétat et al.

e Bajo de la Alumbrera (Ulrich et al., 2001), the Rito del Medio pluton (Audétat and

Pe!lkt 2003), and the Canada Pinabete pluton (Audétat and Pettke, 2003).
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Fluid geometry calculation

SHANKLAND ET AL PARTIAL MELTING AND GEOPHYSICS

F=1%

rained peridotite. (a) Prismoidal tubulg
b (Waif and Bulau, 1979). (b) Shapes anc

Von Bargen & Waff 1986
JGR, 91, 9261

\
1000

Q00! 0 Fig. 6. Melt channel shapes at a constant melt

o or T
CONDUCTIVITY (S m™) fraction f=1.0% and wetting angles between 50°

Fig. 3. Oceanic electrical conductivity profiles with high con- and 65°, The change in shape between 20° and
uctivities at depths associated with the seismic low-velocity zone o 2 ) A
(Filloux, 1980). 50 (see Figure 05) is minor, compared to the
change close to 60",
Shankland et al.,1981, JGR, 19, 394

Equilibrium Microstructure
(“textural equilibrium”)
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Over what P-T conditions
can geometric adjustment occur?

1. > Lowest metamorphic grade
(200-300 °C)
< Existence of fluid inclusions
(Fracture healing,
Grain boundary migration)

2. Healing Rate of Fracture & Cracks

> Plastic Deformation Rate
(Watson & Brenan, 1987, EPS

3. Fluid production rate < Dispersion rate
Segregation rate

Scaling Problems

e.g. Partially Molten Peridotite

Time Scale:
Equilibrium pore geometry is maintained at all times
Basalt in dunite (e.g., McKenzie, 1984)

a=10um < 200Hr (Vaughan & Kohlstedt, 1982)
a= 1mm <103 yrs << Compaction time scale

Length Scale:
Basalt Infiltration into Dunie (12902C) : 0.04-0.08 mm/hr
W = 100m basalt sill may disperse in 200 yr (Watson 1982 Geology)

Cf. Aqg. fluid into quartzite (823°C): 0.07220.018 mm/hr
(Nakamura & Watson 2001 Geofluids)
Carbonatite melt infiltration into dunite: D=1.8x10° m?%/s
hundreds thousands of meters /0.1-1 m.y.
(Hammouda & Laporte 2000 Geology)

2012/11/19
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Fig. 8 Plot of wetting angle (quartz—fluid) variation with temper-
ature at 400 MPa from Holness (1993) and comparing angles
obtained in this study. The angles measured in this study are
plotted at estimated ranges of temperature. Solid lateral lines
correspond to ranges of peak metamorphic condition and dotred
lines indicate the possible condition of formation of the wetting
e . " angles in the samples. Since there is some deviation between the
Fig. 2 TEM images of grain-edge pores in the calcite-free sample. ak and t % f “ i ' ¥ val .
a Pore at a junction of quartz grains with a sub-grain boundary pea and the median of our wetting angles, a range of values is
(sgb). b Pore at a junction of albite grains. ¢ Pore at the junction of indicated
quartz and albite grains. d Pore at a junction of quartz and albite
grains. At the region indicated by arrows, the plane of a quartz/ Hiraga et al.
albite boundary and pore/albite surface are on a straight line. e

Pore at a junction of quartz grains with a sub-grin boundary Conlrib Mincral Pctrol (2001 ) 14] 6]3_622

formed by periodic array of dislocations

BARIZRIFESIN TV Sfossil

pore fluid geometry 2

100
- .

Figure 4. Cumulative fre- & 80
quency curve of meas- §
ured apparent dihedral £ go
angles. Median value o
(27°) represents true di- 2 40 f
hedral angle (see Riegger © ¢
and van Vlack, 1960, for g
discussion of this sta- 3 20 v
tistical approach). ! n=110

0
0 2740 80 120 160
observed dihedral angle

Cile

iS4 /4
_3}-

Figure 3. A: Micrograph of sample 9403 (location in Fig. 1) showing
quartz grains with interstitial feldspar. Black arrows point to interstitial .
feldspar at quartz triple-grain junctions. B: Backscattered electron

image of sample 9403 showing interstitial feldspar (light gray) at quartz y PI 270
(dark gray) triple junctions. Note curved phase boundaries between A )—N/
quartz and feldspar. Black arrow points to grain boundary entirely

coated by feldspar. FRRERESE EAEEER

Rosenberg & Riller (2000) Geology, 28, 7-10 (EAL 2002 EHiLKIER)

2012/11/19

16



S2mEEREY Dpore fluidfZ 4k

Quartzite Dunite

Fig. 5. Selected dary-electron ph icrographs of regions in synthetic quartzites where grains have been plucked Lo reveal
porosity features in three dimensions. Photo (a) is of run 3 (pure H,0, # = 57°); note the numerous surface dimples representing
“casts™ of once fluid-filled lozenges at grain boundaries. Note also the rounded nature of the grain edges, which formed the walls of
fluid channels at run conditions (cf. Fig. 1). Photo (b} is of run 2 (X, ~ 0.5, # = 70°); note the grain-edge “footballs™ indicated by
the arrows, and compare with the right-hand drawing in Fig. lc. Photo (c), also of run 2, shows well-defined, apparently deeper
dimples than those represented in (a), reflecting the higher wetting angle. The contrast in dimple form is most apparent in a
comparison of (c) with (d), which was taken on quartz grains in run 15, in which # ~ 40°. Note that all photos include some of the
epoxy used to impregnate the samples. The white scale bars are 10 pm long. Watson & Brenan, 19871 EPSL

FLoEA b~z EETRIL)
“ A)LE: [FIX60LLT
7K : 60SEEE~60%L L (BLIEEEDEEK)

volatiles

0 20 40 60 80 100 120 140 160 180
fluid-solid dihedral angle

Figure 9.7 Experimentally determined fluid—solid dihedral angles in geological systems. Data are taken from
Tables 9.2 and 9.3. Dots represent single reported values, lines show the ranges observed in systems as a
function of pressure, temperature and fluid compositional variation. All melt data are <60° apart from 2
isolated pyroxene values (Toramaru and Fujii, 1986) which were later shown to be too high (Fujii, Osamura
and Takahashi, 1986; von Bargen and Waff, 1988). All volatile angles occupy a tight group between about
40° and 100° apart from one study (Hay and Evans, 1988) with angles ranging from 97° to 171°. They
probably used an inappropriate measuring technique on poorly equilibrated samples (Holness and Graham,
1995). The only study with volatile angles almost exclusively < 60° was Lee, Mackwell and Brantley (1991)
and their experiments were probably not fully texturally equilibrated (Brantley, 1992).

Holnes$1997)In: Jamtveit B. & Yardley, B., Fluid flow and trangp@ rocks:
Mechanisms and Effects, Chapman & Hall, 1977
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Fig. 3. Wetting angle (#) vs. CO; mole fraction for “ CO,-H,0"
fluids in equilibrium with quartz. Strictly speaking, the fluids

QUARTZ-FLUID QUARTZ - NaCl FLUID

10 T T r & 60 —T—rT—T—T—

L ° | [ ]
8ot 4 @° sor °

+ A u 1 I °
60§ ] 40 3

0 0z 04 06 08 10 0 oz 04 06

X, mg NaCl__
co, mg Sol'n

Effect of fluid chemistry

are not binary mixtures, but contain some CO at the oxygen
fugacity intrinsic to our piston-cylinder assemblies (just below
FMQ). The Xcq, values are based on the calculations of
Holloway and Reese [21). Triangles: 950°; squares: 1000 °;
circles: 1150 ° C. See text and Fig. 2.

characteristics of CO,-H,O fluids and their implications for fluid transport,

Earth and Planetary Science Letters, 85 (1987) 497-515
Fluids in the lithosphere, 1. Experimentally-determined wetting

host-rock physical properties, and fluid inclusion formation

E. Bruce Watson and James M. Brenan

Fig. 12. Wetting angle (#) vs. NaCl concentration in aqueous
fluids in equilibrium with quartz at 1000° C and 1 GPa.

Dihedral angles in the upper mantle 1
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Figure 3 The aqueous fluid—forsterite—forsterite dihedral angle as a function of
temperature and pressure. a, Temperature; b, pressure. The solid lines in b do not
represent a fit to the data but are merely intended as a guide to the eye. The 800 °C and

1,200°C curves in b are drawn to be consistent with the shape of the 1,000°C curve.
Large solid circle: this study. Large open circle: data from ref. 11. Small open circle: data
from ref. 10.

Mibe et al., Nature, 1999
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Figure 4 The 60° isopleth of the dihedral angle in aqueous fiuid—forsterite—forsterite in
P-Tspace. The phase relation in the system peridotite—H,0% is also shown. The
downdragged hydrous peridotite (DHP) would be formed at the base of the mantie wedge
by the H,0 supplied from the oceanic crust**. The mechanisms of this migration of H,0
from the oceanic crust to the slab/mantle interface has not yet been clarified, but possible
mechanisms include: (1) dihedral angle may also become <60° at higher pressure for
minerals which constitute the oceanic crust, although water is non-wetting against those
minerals at low pressure™; (2) fiuid migrates by hydrofracturing™; or (3) fluid rises as a
diapir within the oceanic crust as a result of inherent buoyancy. The possible P- Tpath?®%'
of the upper surface of DHP is within the shaded region denoted P-T path. The thickness
of DHP is set to be 3km as an example. Note that the P-T path of the upper surface of
DHP intersects the isopleth at depths corresponding to the top of the deep seismic zone
(Wadati-Benioff zone) just beneath the volcanic front (range bar denoted VF). The
uncertainty in the point at which the 60° isopleth intersects the P-T path of DHP is +
0.5GPa, which corresponds to a +2 km in the DHP thickness. Because olivine is
anisotropic and the actual mantie is a polyphase mixture rather than pure olivine, an
uncertainty of ~+10° in the 60° isopleth is estimated. The shift of the intersections by
these effects is indicated by the 50° and 70° isopleths. Abbreviations: Fo, forsterite; Opx,
orthopyroxene; Par, pargasite; Chl, chlorite; Ant, antigorite.

Dihedral angles in upper mantle 2

S. Ono et al. | Earth and Planetary Science Letters 203 (2002 ) 895-903
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Fig. 3. Dihedral angle versus pressure diagram. The plotted
value of the dihedral angle 5 the median angle. Squares,
900°C; circles, 1000°C; triangle, 1100°C; diamond, 1200°C.
The contours are schematic.
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Fig. 4. 60° isopleth of the dihedmal angle in fluid-pyrope-pyrope in P-T space. The limit of lawsonite and phengite breakdown
in the system MORB-H.O [11.15] is also shown. The possible P-T path of the upper part of the subducted oceamic crust i

shown as the shaded region.
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Requirements to Minimize
Total Interfacial Energy

Dihedral angle

Equilibrium fluid fraction
Uniform mean curvature

¢ Minimum interfacial area

Texture Rearrangements
» GB grooving

e Fluid infiltration/ Expulsion
* Grain size effect
 Grain growth / Ostwald ripening

Minimum EnergyFluid Fraction

(MEMF, equilibrium melt fraction)

ZEAMNPIN=EFREIRILF—HUPEN
=HRARICHRAENZETEERDIRILE—DLTHINS

Equilibrium melt fraction (vol%)

wet

FIABHFRADRE
35
30:. ~ <

Laporte & Watsop
b 1995)

25t

bee model
20t
15k

| Jurewicz & Watson
10~ - {1989
~

Park&Yoon (1985)
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“Grain Size Effect” on
the Equilibrium Porosity

Large Curvature Small Curvature

\ |
- “ /4',",,',“:3\

- . - fluX .
Precipitation <——  Solution

ucoarse < p‘fine

Wark & Watson, 1999
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Pervasive

Localized

(Channelized)

2APDRABENFR

i23E 7k (Permeable Flow, Darcy’s Flow ) :
FRAEDEHBDEICEREBISh=Fih
‘BAC-RTRER(BEINIR)DEBENDBE
B RAKSBEETDIBETRAENRET HIHE
(Pressure gradient-driven flow)
RERBR RETFLF—EIEBENI
WELERANDRB
=Hk—EEOBRE

(Interfacial energy-driven redistribution)

F)N B ( crack, Vein, Dike ) [Z &k 5F8ED

TIRENLE ‘BB (T TIZLHKDER)
(FERERF I K Z URIR - EIFERRIZHUH)

ERELFRICE T HMEHEDFHETE

AR NZRIRAN (flow)
>> RARY T DHLER
>> i1 524 8R (grain boundary diffusion)
>> SR D HiL AR (lattice diffusion)
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FILo—DEE

MR o FIAKRDENBE

k: ;2B 1%R 5 Permeability
7 iRIADFE

Large scale fluid migration

...should be rate-limited by

permeability, fluid viscosity, pressure gradient

deformation rate of solid matrix
(interfacial energy-driven fluid redistribution is not effective for km-scale fluid
migration)

If so,
What is the principal effect of surface energy?
= Controlling melt interconnectivity and permeability

Indirect, but major influence on the large scale fluid motions (e.g., Waff, 1980, McKezie,
1984, Stevenson, 1986)
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Theory (Geometric Adjustment )

* Pressure difference across a curved surface
(Kingery et al., 1975)

1 1 ot orinG .
— » T, - principal radii of
AP = ‘{_ +t— curvature

r1 r2

* Solubility increase due to an applied pressure

(Thomson-Freundlich equation)

In Xk _My1
X Ko ,oRT r
Solubility, Activity coeff. M: molecular weight
over y: interfacial energy
p: density

X, K: curved surface

) r: radii of curvature
Xy, Ko flat surface

Theory (Grooving Kinetics)
Triple Junction

2-D Grain Boundary

d=113 (At)2 Dissolution-Precipitation
©
tan /2 Control
d= 0937——=— (Bt)4 Surface Diffusion
taney Control (Mullins, 1957)

2012/11/19

24



Geofluids (2001) 1, 73-89

Experimental study of aqueous fluid infiltration into
quartzite: implications for the kinetics of fluid
redistribution and grain growth driven by interfacial
energy reduction
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