Effect of Sediments on Aqueous Silica Transport in Subduction Zones
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Where sediments are present at the slab-mantle interface in subduction zones, most migration
paths of aqueous solutions will result in chemical interaction between sediment and fluid. The abil-
ity of sediment to influence fluid composition can be appreciated by examining aqueous Si concen-
trations with a model chemical system, Kp0-Al,03-5i03-HpO, for three subduction-zone pressure-
temperature trajectories (PT paths). Analysis of mineral-melt-H,O phase relations as a function of
aqueous Si concentration shows that metasedimentary mineral assemblages fix dissolved silica
contents at or near those required by quartz saturation, even in the absence of quartz. Changes in
dissolved silica content with pressure and temperature are much greater than those required by the
range in plausible mineral assemblages. Sediments thus influence Si transport in subduction zones
by buffering fluids at the slab-mantle interface at or near quartz saturation as pressure and tempera-
ture change, and, as a result, maximizing aqueous Si concentrations along the slab-mantle interface.
Changes in pressure and temperature along model slab trajectories result in increases in 5i content
of pore fluids by ~103 and ~10° times along the lowest and highest temperature paths, respectively.
The spatial gradient in dissolved silica concentration also increases with depth, and is greater for
higher temperature PT paths. Most Si redistribution will occur in the deep portions of high-
temperature subduction zones, and fluid-sediment interaction dictates that the amount of aqueous
silica transported from the slab to the mantle wedge at any point along the slab-mantle interface is

maximized if equilibrium is attained.

1. INTRODUCTION

Subduction zones can be divided into those that accumu-
late, or accrete, sediments, and those that do not [vor
Heune and Schell, 1991]. In non-accreting margins, all
ocean-floor sediment transported to the trench is subducted;
in accreting margins, a décollement develops in the sedi-
mentary section, below which all material transported to
the trench is subducted. The décollement most likely
develops near the interface between ocean-floor sediments
and the overlying clastic wedge {Moore, 1975, Plank,
1993; Plank and Langmuir, 1993]. Downgoing slabs are
therefore mantled by a veneer of ocean-floor sediments,
which may be hundreds of meters thick [Plank and
Langmuir, 1993].
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Studies of volcanic arcs and subduction complexes sug-
gest that sediments exert an important control on the
petrology, magmatic evolution, and aqueous geochemistry
of convergent margins [e.g., Church, 1976; Kay et al.,
1978; Sun, 1980; Whitford and Jezek, 1982, White and
Dupré, 1986; Tera et al., 1986; Morris et al., 1990; Ernst,
199¢; Peacock, 1990; Bebout and Barton, 1993; Philippot,
1993; Plank and Langmuir, 1993]. The physical and chem-
ical mechanisms by which sediments influence subduction
processes remain poorly understood, but redistribution of
chemical components by aqueous fluids provides a viable
hypothesis for material transport in this environment [e.g.,
Tatsumi, 1989; Bebout and Barton, 1989, 1993; Bebout,
1991; Davies and Stevenson, 1992]. As illustrated in Figure
1, sediments may mix mechanically with mantle material

along the slab-mantle interface, or with other components
of the subducting lithosphere. Fluids will be liberated by
metamorphic devolatilization reactions in either sediments
or mafic and ultramafic portions of the subducting plate.
Wide variations in possible pressure and temperature gradi-
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ents in subduction zones, coupled with strongly heteroge-
neous permeability-fields, imply that low-density fluids
may have flux vectors with directions ranging from subver-
tical to updip along the slab. Figure 1 shows that of the po-
tential flux directions, only fluids liberated in, and remain-
ing in, oceanic basement rocks will not interact with sedi-

ments. In cases where the slab melts, movement of the re- -

sulting magma into the mantle wedge will also require
chemical interaction with subducted sedimentary material.

Recent studies have addressed the role played by sedi-
ments in the redistribution of chemical components by
aqueous fluids during subduction [Bebout and Barton,
1989, 1993; Ernst, 1990; Peacock, 1990; Bebout, 1991]. As
noted by Bebout and Barton [1993], such studies are hin-
dered by the lack of experimental data or theoretical
models for mineral solubility at subduction-zone
conditions. However, new experimental developments now
allow the acquisition of these data [Ayers and Watson,
1991, 1993; Brenan and Watson, 1991; Brenan, 1993;
Manning, 1994, Manning and Boettcher, 1994], which can
be incorporated into coupled reaction and fluid-flow
models of subducting slabs and the mantle wedge [e.g.,
Manning, 1995]. I have combined this approach with phase
equilibrium calculations in the model system K20-AlpQa-
3i07-H20 (KASH) to illustrate how sediment may control
the concentration and transport potential of a major
element, silicon, in subduction zones.

2. METHODS

As a model for sediment-fluid interaction, I evaluated
phase relations in the KASH system assuming the presence
of an Al or Al-Si mineral and HyO. This provides an ap-
proximation of subducting Al-rich pelagic sediment, which
is dominated by micas, aluminosilicate clays, and quartz,
and allows illustration of the first-order consequences of
subduction of this sediment on element transport by aque-
ous solutions.

Analysis of phase relations in a model system is a simpli-
fication limiting the bulk compositions addressed by the
calculations. For example, subducting sedimentary material
may be a mixture of pelagic, terrigenous, and arc-derived
sediment {e.g., von Heune and Scholl, 1991]; such sedi-
ments would be better approximated in the KASH system
by assuming the presence of K feldspar instead of an Al or
Al-Si mineral. In addition, this analysis ignores biogenic
carbonate, which could lead to significant dissolved carbon
species. This is reasonable for modern subduction, in which
little biogenic carbonate is consumed [e.g., Plank, 1993];
but it Iimits applicability to subduction environments rich
in COy. Finally, pelagic sediments range widely in com-
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Fig. 1. Schematic illustration of the effect of sediment on material
transport in subduction zones. Bold arrows are schematic HyO
flux vectors; crosses denote magma. The only transport path that
does not involve interaction with sediment is agueous fluid liber-
ated from mafic crust and migrating updip within its source. This
conceptual model is based on Bebout and Barton {1989, 1993]
and Bebout [1991].

position [e.g., Kyfe et al., 1993; Plank and Ludden, 1992;
Plank and Langmuir, 1993]. Important components not
considered here include Na and Mg. On average, pelagic
sediments have subequal molar concentrations of Na and
K, and increasing Mg leads to the formation of chlorite,
smectite, and/or phengite rather than aluminosilicate clays
and muscovite. Model KASH sediment therefore corre-
sponds to an aluminous, potassic, Mg-poor end member of
the spectrum of pelagic sediment compositions. Similar
analyses of phase relations in Mg- and Na-bearing model
systems (C. E. Manning, unpublished data) shows that
varying chemical components does not significantly alter
conclusions about Si dissolution, transport, and precipita-
tion.

Phase relations were computed for three model subduc-
tion zones from Peacock [1993]. The steady-state increase
in pressure and temperature at the slab-mantle interface
with depth in the subduction zone, or PT path, was calcu-
lated for subduction at 10 cm yr-1 at an angle of 20° for
rock densities of 3000 kg m™3 (Figure 2). The three PT
paths are distinct in that temperature at a given depth from
0 to ~70 km decreases from Path 1 through Path 3. They
can be viewed as illustrating the range in pressure and tem-
perature conditions resulting from different subduction sce-
narios. For example, Path 1 represents the PT regime to be
expected when young oceanic crust is subducted, whereas
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Fig. 2. Pressure-temperature diagrams with PT paths 1-3 (bold arrows) from Peacock [1993] (see text). (A) Phase rela-
tions in the system K;0-Al705-8107-H-O and in the presence of H20. All phases assumed to be stoichiometric, with
unit activity. Mineral-H20 equilibria calculated using Berman [1988 (1992 extension)] and Haar et al. [1984]; mineral-
melt-HpO equilibria are from Storre and Karotke [1972] and Huang and Wyllie {1974]. Abbreviations: and, andalusite;
co, corundum; di, diaspore; ka, kaolinite; ky, kyanite; qz, quartz; sil, sillimanite; w, water. Reaction boundaries labeled
with circled letters keyed to Table 1. (B) Isopleths of logm $i02(aq) calculated using the equation of Manning [1994].

Path 3 probably best reflects conditions likely in a long-
lived, steady state subduction zone. Although different,
more complex PT paths may result from consideration of
the brittle-ductile transition {Peacock et al., 1994] or alter-
native numerical analyses of heat and mass transfer [e.g.,
Davies and Stevenson, 1992], the paths used here serve as a
simple framework to illustrate how changes in pressure and
temperature influence aqueous mass transfer of Si from the
Earth’s surface to 2 GPa.

3. PHASE RELATIONS IN THE MODEL SEDIMENT

Figure 2a shows equilibria relevant to high pressure
metamorphism and melting in the KASH system, with the
PT paths of the three subduction zones. Equilibria in Figure
2a are listed in Table 1. Not shown for simplicity are the
«—P quartz transition, low-pressure high-temperature
equilibria involving leucite and melt, and low-pressure
low-temperature reactions invelving silica and clay
diagenesis.

Each path traverses different regions of the PT
projection, which resulfs in contrasting phase relations.
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Along Path 1, dehydration of hydrous Al and Al-Si
minerals occurs at low pressures in the upper levels of the
subduction zone, such that muscovite + kyanite will be the
stable mineral assemblage in the presence of quartz and
H20 from ~0.4-1.1 GPa (14-37 km depth). Below this
point, a KASH melt forms (equilibrium m, Table 1). Note
that the assumption of the presence of an aluminosilicate
mineral prevents the stable existence of K feldspar with
muscovite at high pressures, which leads to the water-
saturated solidus geometry defined by equilibria k and m
(Figure 2a, Table 1). Melting in the presence of K feldspar
instead of kyanite would produce the more familiar solidus
geometry and would occur at 32 km, which is 5 km
shallower, or 15 km updip, of the melting position in
Figure 2a. Neither case corresponds to the temperature of
melting of natural pelagic clay in the presence of HpO
(~650°C, Nichols et al. [1994]); but, despite this
discrepancy, the effect of melt on metasomatic phase
relations can still be evaluated from the equilibria in Figure
2a (see below).

Along Path 2, the maximum depth of dehydration of hy-
drous Al and Al-Si minerals (equilibria e, f, and &, Table 1)
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TABLE 1. Relevant Equilibria in the KASH System

AlsSinQ5(0H)4 + 28107 = AlpSi401p(0OH), + H20  (a)
kaolinite quartz pyrophyllite

2A1,5i,05(0H)4 = 2AI00H + AlySisO1p(0H);z + 2H0 (b)

kaolinite diaspore pyrophyllite
AlySin05(0OH)4 = 28i07 + 2A100H + HyO (c)
kaolinite quartz  diaspore
2AIQ0H + 45i03 = AlpSi401p(CH)a (&)
diaspore  qguartz pyrophyllite

6AI00H + AlySi401(0H), = 4A 8105 + 4H20 (e)

diaspore pyrophyllite
AlrSig010(OH)2 = 35107 + AlzS5i05 + HyO §3]
pyrophyllite quartz
2AI00H + 8i07 = AlSi05 + HoO (2)
diaspore quartz
2AI100H = AlOs3 + HoO (h)

diaspore corundum

KAl38i30g(0H); + Si07 = KAlSizOg + ARSiOs + HO (i)
muscovite quartz K feldspar

KAl38i3019(0H), = KAISi30g + AlpO3 + HyO @)

muscovite K feldspar corundum
KAISizOg + AlpSi05 + 8i0p + HyO= Melt k)
K feldspar guartz
KAlSi3Og + AlpO3 + HyO = Mekt (D

K feldspar corundum

KAI3Sig010(0OH); + Si02 + HyO = AlpSiO5 + Melt  {m)
muscovite quartz

KAl38i3070(0H); + HpO = KAISizOg + AlyOq + Melt  (n)
muscovite K feldspar corundum

Phase assemblage on left-hand side of equilibrium is stable at low
temperature relative to assemblage on right.

is greater than along Path 1 by a factor of about two.
Melting in the model system in the presence of aluminosili-
cate and H2QO occurs at >2 GPa because of the lower tem-
perature intersection of Path 2 and equilibrium m. Path 3 is
characterized by such low temperatures to 2 GPa that wa-
ter-rich aluminous minerals (kaolinite and diaspore) are
stable to great depths, and melting in the model system will
not occur. As noted above, an analysis allowing for com-
positional and structural variations in white micas and

silica polymorphs would include stability fields for illite
and amorphous silica at shallow levels along all paths;
these would be limited to temperatures of less than ~200°C.
In general, the change in thermal regime from Path 1 to
Path 3 makes the path of the slab-mantle interface similar
to the Clapeyron slopes of dehydration equilibria (e.g., e-A,
Table 1). This means HoO may be stored in sediments to
greater depths along cooler PT paths [Peacock, 1990,
1993]. Since HyO is the principal solvent for material
transport, this will result in metasomatic reactions proceed-
ing at substantially greater depths when physical conditions
favor cool PT paths. However, mineral solubilities gener-
ally decrease with decreasing temperature at constant
pressure, so the extent of metasornatisin may be low.

4. PHASE RELATIONS AS A FUNCTION OF
DISSOLVED SILICA CONTENT

The concentration of aqueous silica (Si07(aq)) in H20 in
equilibrium with quartz has been determined experimen-
tally by Manning [1994} at 0.5-2.0 GPa and 500-900°C.
These experiments, combined with previous work, allow
calculation of the concentration of Si03(aq) in equilibrium
with quartz from 25°C, 1 bar to >2 GPa and ~1000°C.
Predicted SiOg(aq) molality (m§i0)(yq) at quartz saturation
are shown as a function of pressure and temperature in
Figure 2b with the three PT paths. Below ~0.6 GPa and at
high temperature, 78i02(aq) is sensitive to small changes in
pressure at constant temperature because of correspond-
ingly large changes in the density of HyO with pressure.
Above 1 GPa, isopleths of 5i02(aq) concentration have
steep negative slopes. This indicates that high-temperature
paths, which traverse isopleths at a high angle, will result in
larger changes in quartz-saturated SiO7(aq) concentration
along the slab than low-temperature paths.

By computing M8i02(aq) along Paths 1-3, the Si concen-
trations required by specific mineral assemblages may be
determined, even if they do not include quartz. The
concentration of SiOz(aq) in equilibrium with quartz
(Figure 2b) can be used to constrain such an analysis
because equilibrinm between pure quartz and aqueous
silica,

8107 = 5i07¢aq) (1
quartz

requires at constant pressure and temperature that
AG°8i07(aq) = AG°quartz - RT In asi0nag) @

where AG® is the standard molal Gibbs free energy differ-




ence between a reference state (25°C, 10° Pa) and the P
and T of interest, R is the gas constant, ¢ is activity, In this
study, standard states for minerals and water are unit activi-
ties of the pure phases at any pressure and temperature.
Thermodynamic properties of the aqueous solution are
taken to be those of pure H70.

The activity of SiOp(ag) can be equated to its molality
because Si forms a neutral hydrated species with an activity
coefficient of one over a wide range in pH [Walther and
Helgeson, 1977]. Equation (2) thus becomes

AGOSiOz(aq) = AG®quartz - RT In MSi02(ag) 3

which allows calculation of the standard molal Gibbs free
energy of aqueous silica at the P and T of interest from
AG°quartz and M8i0(aq) 85 given by experiments and com-
pilations of thermodynamic data. The valae of AGOSiOz(aq)
may then be combined with thermodynamic data for min-
erals and Ho( to determine metasomatic phase relations as
a function of silica concentration in the fluid. For example,
the equilibrium between kaolinite and pyrophyllite at a
given Pand T,

AlpSip0s5(0OH)4 + 25i02(aq)
kaolinite
= Al»Si4010(OH)2 + H2O {4)
- pyrophyllite

leads to

1n m8i0y(aq) = (ArG°(a))/2RT
= (AG®py + AG°H,0 - AG%ka ,
- 2AG05102(aq))/2RT &)

where A, G°(4) is the difference between standard molal
Gibbs free energies of reactants and products for equilib-
rium (4).

Figure 3 shows calculated phase relations along Paths 1-3
assuming the presence of an Al- or Al-Si-bearing mineral.
These phase diagrams differ from conventional diagrams
describing Si metasomatism [e.g., Hemley et al., 1980] in
that pressure and temperature covary along the ordinate.
The diagrams illustrate stability boundaries among both K-
bearing phases (heavy lines) and K-absent phases (light
lines). Thus, fields in Figure 3 represent the range of pres-
sure, temperature, and fluid composition over which a K-
bearing and a K-absent phase coexist with aqueous solution
of varying Si concentration. Fields in Figure 3 are
divariant, because pressure and temperature are not
independent, and the system has four components.
Similarly, phase boundaries represent the addition of a
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Fig. 3. Phase relations in the system Kp0-Aly03-8i02-Hz0 as a
function of 8i07(aq) concentration and PT path. Light lines repre-
sent phase boundaries between stable minerals in the subsystem
Aly03-8i07-HoO; heavy lines represent phase boundaries be-
tween stable K-bearing phases. The phase boundary involving
KASH melt (heavy dashed line) is inferred from Huang and
Wyllie [Figure 3, 1974]. Abbreviations as in Figure 3, except: mu,
muscovite; py, pyrophyllite.

phase to the assemblage, and are therefore univariant.
Fluids coexisting at equilibrium with three additional
phases must adjust their composition as pressure and
temperature change, if they are to remain on the phase
boundary. Finally, four phases coexist with aqueous
solution at phase-boundary intersections, which are
invariant: any change in pressure, temperature, or fluid
composition requires loss of one phase from the as-
semblage.

Melting in the KASH system occurs along Path 1 at <2
GPa (Figure 2a). The stability of a KASH melt as a func-
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tion of SiOj(aq) concentration along Path 1 is shown
schematically in Figure 3a. Si-rich bulk compositions con-
taining quartz have the lowest solidus temperature in this
system (reactions m and #n, Figare 2a). Melting will there-
fore occur at the shallowest levels of warm subduction
zones where aqueous fluids contain high dissolved silica
contents (Figure 3). The depth of melting increases as
MSi02(aq) decreases, and the total melting interval defined
by variations in MSi07(aq) COrresponds to a depth range of
~10 km, or 29 km of slab length. Note that, unlike minerals
in Figure 3, the KASH liquid has variable composition.

Figure 3 represents a set of chemical maps that show how
phase assemblage and fluid composition must change in
model metasediments at the slab-mantle interface for dif-
ferent subduction scenarios. Along each path, the
maximum molality of Si02(aq) is defined by quartz
saturation. Any metasediment containing quartz must lie on
the phase boundaries labeled “quartz saturation,” along
‘which muscovite or KASH melt coexist with quartz and a
K-absent, Al-bearing mineral at equilibrium (Figure 3).
Fluids with greater Si contents are metastably
supersaturated with respect to quartz, and must precipitate
sufficient quartz to decrease MSi02(aq) until they lie on the
quartz-saturation boundary. Fluids with MSi02(ag) below
guartz saturation can not coexist with quartz at ethbnum
These fluids will be in cthbrlum with quartz-absent
phase assemblages, such as muscovite + corundum, or
kalsilite + diaspore. Note that Figure 3 illustrates the well-
known incompatibility certain mineral assemblages at
equilibrium; for example, the Si-poor phases kalsilite or
corundum will never be in equilibrium with quartz under
the conditions considered, as they will react with quartz to
form intervening muscovite or kyanite instead.

For any bulk composition, MSi02(ag) in coexisting fhuid
increases strongly with increasing depth (and correspond-
ingly, temperature) along each subduction path. For exam-
ple, MSi02(aq) in equilibrium with quartz-bearing assem-
blages anng Path 3 will increase by a factor of ~103 (10-4
to >10°1 mol kg HpO1) between 0 and 70 km; along Path
1, an even greater increase of ~10° times will occur (Figure
3). Below quartz saturation, all univariant phase boundaries
buffer MSi02(aq) along the slab-mantle interface, and their
positive slopes mdlcase that they similarly require increas-
ing MSi02(aq) with depth for quartz-absent assemblages.

Figure 3 shows that the presence of two or more Si-bear-
ing minerals in the KASH system requires 5i02(aq) con-
centrations within several tenths of a log unit of quartz
saturation. This implies that at a given pressure and
temperature, the absence of quartz, or its loss through
dissolution, will result in only minor changes in S]O;)_(aq)
concentration compared to those attending variation in

pressure and temnperature. Si mass transfer in sediments in
subduction zones can therefore be reasonably assumed to
occur at, or very close to, quartz saturation, which means
that m§i0y(aq) Will be maximized in the presence of
sediment. The rarity of silica undersaturated phases, like
corundum and kalsilite, in exposed metasediments from
subduction-zone settings supports this conclusion.

5. IMPLICATIONS

Phase relations among model KASH sediment and aque-
ous fluid (Figure 3} illustrate three important points about
material transport and metasomatism in subduction zones,
The first is that, for Si redistribution, the dissolved silica
content of pore fluids in metasediments, and its change as
subduction proceeds, depends strongly on the PT path fol-
lowed by the subduction zone. As shown in Figure 3,
MSi02(aq) in equilibrium with quartz-bearing assemblages
increases with temperature. This indicates that conditions
which lead to high temperatures in subduction zones (e.g.,
young oceanic crust, incipient subduction, high shear
stress, low slab velocities) maximize the potential for
aqueous transport of silica. A particularly well-documented
natural example illustrating this observation is described by
Bebout and Barton [1993] on Santa Catalina Island,
California.

The second implication of Figure 3 is that increases in
Si02(aq) must be achieved by dissolving silica from coex-
isting minerals. Thus, as model KASH metasediments are
subducted along different PT paths, their bulk compositions
will become progressively depleted in Si with depth in the
presence of a static pore fluid. Like the amount of
dissolved silica, the magnitude of the shift in bulk
composition will be greater for higher temperature paths. In
addition, if metasediment is returned to the surface,
dissolved silica in static pore fluids must decrease, leading
to precipitation of silica-rich phases such as quartz.

Finally, along with lithologically controlled bulk compo-
sitional differences, the changes in dissolved silica with
path and depth represent the driving potential for Si meta-
somatism by flowing fluid (Figure 1). As pore fluids mi-
grate independently of the rock matrix in a model KASH
metasediment, their compositions must adjusi at equilib-
rium as required by the relevant phase relations [e.g.,
Figure 3}. This will lead to shifts in bulk composition of
varying magnitude in the rocks through which the fluid
flows. For fluids migrating from the slab-mantle interface
into the mantle wedge, the presence of sediment will max-
imize the amount of dissolved silica redistributed form slab
to mantle, regardiess of the depth at which the fluids leave
the slab [see Manning, 1995].




Fluids may also migrate updip along the slab-mantle in-
terface, The potential for Si transfer back up the slab along
a sediment veneer can be assessed by evaluating the change
in MSi0(aq) At quartz saturation along each path. Figure 4a
shows the quantity deiOz(aq)/dZa where z is distance in
kilometers along the subducting slab for Paths 1-3. This
quantity was obtained from finite difference derivatives of
quartz solubility as a function of pressure (Figure 3), with
pressure transformed to distance using a rock density of
3000 kg m-3 and a 20° slab angle. The change in quartz
solubility with position in the slab is greater for higher tem-
perature paths, just as absolute solubilities are higher along
higher temperature paths (Figure 2b). Because the change
in solubility will require guartz precipitation or dissolution
at equilibrium, higher temperature paths have a signifi-
cantly greater capacity to redistribute Si than cooler paths.

The magnitude of this difference can be appreciated by
integrating dmsjoz(aq)/dz over the length of the flow path
along the slab. For example, assuming that quartz-saturated
H7O begins migrating updip in sediments at a depth corre-
sponding to 185 km along the slab surface, and that this
fluid remains in equilibrium with quartz along its flow
path, the volume of quartz precipitated during upward flow
to the Earth’s surface will be ~0.4 cm® kg HoO!, ~0.1 em3
kg HoO1, and ~0.01 cm3 kg HyO"1 along Paths 1, 2, and
3, respectively (Figure 4b). In addition, most of the
increase in the amount of quartz precipitated occurs in the
deep parts of the slab. Veins of quartz, which are common
in subducted metasediments [e.g., Bebout and Barton,
1989; Ernst, 1990), require removal of Si from the fluid in
response to solubility decreases along its flow path. Figure
4 implies that for constant flux, the greatest volume of vein
quartz should be expected to originate in the deeper parts of
any given subduction zone, and that high-temperature paths
will result in larger volumes of precipitated quartz.

In conclusion, this analysis shows that because most flux
trajectories carry aqueous fluids through sediment at the
slab-mantle interface (Figure 1), chemical interaction be-
tween sediment and fluid must be taken into account in
considering aqueous mass transfer. For Si, it is likely that
sediment-fluid interaction will result in high Si02(4q) con-
centrations, at or near quartz saturation. If this fluid mi-
grates back up the slab, the decrease in quartz solubility
with pressure and temperature will lead to precipitation of
quartz in fluid conduits such as fractures. If the fluid mi-
grates into the low-5i environment of the mantle-wedge,
the result may be substantial increases in the mantle SiOp
content near the slab through conversion of olivine and or-
thopyroxene to, for example, talc and Fe-Mg amphibole
[e.g., Bebout and Barton, 1993; Manning, 1995}
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Fig. 4. (A) Change in concentration of aqueous silica in equilib-
rium with quartz (deiOZ(aq}/dZ) with distance along slab for
different PT paths (1-3). (B) Volume of quartz produced by
quartz-saturated HpO migrating updip along Paths 1-3 185 km
from the trench.
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