Mantle melting trend to high-SiO, - low
FeO*/MgO is controlled by the reaction relation
oliv + lig — opx.
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Structural and metamorphic
studies of exhumed high
pressure subduction
complexes (Enami et al.,
2004: Maekawa et al., 2004;
Kombayashi, 2004) show:

Serpentinites were formed
in the mantle wedge above

the subducted plate.

These were transported to
depth in the subduction
zone along with the
sediments and basalts
associated with the slab.

Serpentinites torn off
from the hanging wall



Serpentinite — a common product
VEMA F.Z. of ocean floor tectonic processes i

STRUCTURAL MODEL (Raneroetal,, 2003) _ :«'
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Experimental Details

Au capsules — Piston cylinder - 1.2 — 3.2 GPa
Hart & Zindler Primitive Mantle

Oxide starting mix

With MgO added as Mg(OH), = 14 wt. % H,O

Run Duration

96 — 140 hours ( a few at 24 hrs)

Experimental Products

Homogeneous olivine, opx, cpx, spinel and/or garnet
Melt or vapor phase (supercritical fluid)

Equilibrium

QUILF used to check Temp. from Opx-Cpx — within 1
sigma of uncertainty

and f,, from oliv-opx-spinel (Ballhaus et al., 1994) =QFM +
0.8




PREVIOUS STUDIES

Run Times H,O added Capsule
High — T melting

Kushiro et al. (1968)

5 — 30 min 30% Mo & Pt
Millhollen et al. (1974)

0.5— 3 hrs. 5.7 % Pt

Green (1973)

1—6 hrs. 10 % AgPd alloy

Low — T melting

Mysen and Boettcher (1975)

24 — 64 hrs. 20- 30 % AgPd alloy
THIS STUDY

48 — 120 hrs 14 -30 % Au

Al
OO} .
Silver and Stolper
1000 (1985) speciation
T(C) =i model for melting in
300 simple two
ol component systems
1 1 .
1000 mineral — H,O
P=5kb
i Includes molecular
T(°C) : iy H,O — OH speciation
800} Sl and leads to a planar
T—-P — Xy, solid —
700 | | L WA | H20
melt boundary
P=10kb
220 > Note linearity of
LS liquidus boundary.
700} S+L L+V
557 This melting behavior

e e is “adjusted” for perid.



Depth (km)

Symmetry in melt % and H,O content in A

upper part of wedge In this region temperature

9 B decreases in overlying
‘. % RIS mantle wedge.
%O OZ/ S X | Melt amount decreases, melt
%5 ROAS  crystallizes. Oliv + liquid
50 — x . react and form pyroxene.

OR Diapiric flow?

H,O content increases —
; . 8 latent heat is released =
Melt NG \ increasing T.

e
distribution OR Diapiric flow?

1 OO B : T decreasing \
10-15 %
5-10 %
3-5 %
2.5-3 %
150

The melting model:

We use our phase diagram & measured H,O solubility vs.
pressure in forsterite — H,O to predict the peridotite — melt
boundary in T — P — XH,O space. The expression is:
7290*P - 810*T - 24600*H,0 + 1093500 =0

where T is in °C, P is in kilobars and H,O content is in wt. %.

At P2, T2 the amount of melt (Fp, 1,) is given by:

Froto = ((Kinit = Xp2 12/ Xinit) * Finit + Finit




Map of Mt. Shasta Wilderness Area Lava Flows
modified from Christiansen et al. 1977
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Note the proximity of the Mt. Shasta — Medicine Lake systems to the
projection of the Blanco Fracture Zone on the Juan de Fuca plate
beneath western edge of North America.



Shasta from the N. side looking S.




Climbing Shasta from the S. side. At the Red Banks.




Just below Mt. Shasta summit — Steve
Parman and boiling sulfur springs.
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Sampling of Mt.
Shasta stratocone
, oy and surrounding
S S volcanic vents
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Minerals in Shasta
mixed andesite and
dacite lavas




200 MPa, HZO-saturated, Ni-NiO buffer
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Miyashiro (1974) established the existence of multiple types of liquid lines of descent

in sub-alkaline rock series and that these were found in distinct tectonic settings.
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Here are crustal level liquid lines of descent defined by experiments.
Galapagos trend is the so-called iron-enrichment trend from Juster et al.
(1989). H,O-bearing experiments are from Sisson and Grove (1993),
Medicine Lake and Mt. Shasta experiments discussed on previous days.

Plag
A
The oliv+opx melting reaction
followed during
200 MPa hydrous mantle melting after
& Zi‘“ra"".“ cpx + sp are exhausted is
undaries
1.2 GPa shown by
?gpoxf)ép\ The gray arrow and defines
+Lig@ the trend of increasing degree
6% Hp0 of mantle melting.

Circle shows compositon of
hydrous mantle melts from
Gaetani & Grove (1998).
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Here we compare the distinct suites of lavas at Setouchi and Adak with the Mt.
Shasta lavas and hydrous experimental liquids lines of descent.
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flows.

Major element compositional
variations in Mt. Shasta
region lavas.

Also shown are
compositions of BA and
PMA lavas and
experimentally determined
liquid lines of descent from
200 MPa, NNO buffered,
H,O-saturated crystallization
experiments on 85-44 and
85-41c

and 0.1 MPa QFM-buffered
anhydrous experiments on
85-41c

Spidergrams for Mt. Shasta
lavas and a comparison of a
calculated fractional
crystallization model from a
primitive magnesian andesite
(PMA) parent.

Absense of compositional zoning

in Mt. Shasta andesite lava
Mixing is very efficient.
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Amphibole in Shastina lava in overgrowth reaction with rthopyroxene. ~ 0.5 mm FOV

Backscattered images of
magnesian amphbole
overgrowing Mg-rich pyroxene
and olivine in Mt. Shasta
andesites.
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Phase relations at 200 MPA
for the primitive lavas at Mt.
Shasta.

Projection schemes use
oxygen units.
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Magma Processing in the Lower
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Map of Mt. Shasta Wilderness Area Lava Fiqws
modified from Christiansen et al. 1977
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Textural variability in quenched magmatic inclusions in Mt. Shasta lavas
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INFLUENCE OF SODIUM
ON HORNBLENDE
STABILITY

Distributary reaction
relation that leads to the
appearance of
amphibole.

Hbl & PI

From Sisson and Grove
(1993).
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