Geochemical signature of a
serpentinized mantle wedge
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Presentation Notes
Interest in serpentinization over the last 20 years largely due to its ability to hold up to 13wt% water and stability to significant depths in subduction zones.  Mechanism to bring water (and FME) to sub-arc depths.  But much of this interest has focused on serpentinite in the subducting slab.  How much is there?  Etc.
More recently we have seen a surge in interest in serpentinite in the mantle wedge.  Fluids from the subducting slab hydrate the overlying mantle and subduction of the oceanic lithosphere cools the forearc such that serp is stable.  so why do we care?



Implications and consequences of a
serpentinized mantle wedge

1) Rheologically weak
-Aseismic forearc (stable sliding impedes rupture)

-May control the down-dip rupture limit of
subduction thrust earthquakes

-Influence the nature of mantle flow (coupling
depth)

-Influence thermal models

2) “Sponge” for FME (e.g., As, Sb, B, Li, Cs, Pb, U, Ba,
Sr) = dragged down & contribute to arc
magmatism

3) Buoyant = mechanism of exhumation
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Presentation Notes
Weak (even at low levels of serp 10-15%). Serp undergoes stable sliding which would impede rupture.  Downdip rupture limit often corresponds with the intersection of the thrust and the forearc mantle.  Maybe due to aseismic behavior serpentine?
Also positive buoyancy and weak rheology would isolate the nose from corner flow and possibly allow basal portions to get dragged down.



Evidence of Serpentinization

Direct observations- serpentine seamounts
Geophysical evidence- seismic velocity
Magnetic anomalies

Others (reduce amplitude of seismic
reflections from the Moho; gravity anomalies;
heat flow; increase in electrical conductivity;
anisotropy)
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Presentation Notes
Others people have used as evidence for or additional support for serpentinization of wedge- not going to discuss
(Serpentinization will also reduce the amplitude of both wide-angle and near-vertical reflections from the Moho.  Brocher et al. 2003)
And also use low heat flow data in the forearc as evidence (or support) for serp.- need to be “cold” for serp to be stable
Serp has low density
Trench-parallel anisotropy has been interpreted as serpentine deformation in the mantle wedge
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Very low S-wave velocities in the
cold “nose” of the mantle wedge.

50-60% serpentinization of the
wedge in Cascadia.

Bostock et al. (2002) Nature
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Bostock et al  Cascadia
Increasing serpentinization  decreasing shear-wave velocity
Very low velocities observed in the cold “nose” of the mantle wedge.  
Coincident with eclogitization of the subducting crust (and significant loss of fluids at this point)

Others note serp mantle wedges based on low seismic velocities in Chile, Alaska, Japan, and Central America.  Estimates of serp range for 10-60%.
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Serp has unusual property of being low density but has very high magnetization.
Large magnetic anomaly in central Oregon in the forearc region.  Previously interpreted as being due to crustal rocks (basalt basement, granodiorite intrusions), but these are typically higher density.  There is a positive gravity anomaly but it is to the west.  Interpret as low-density, high magnetization of the mantle wedge
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eLow-T serpentinization:
olv + H,0 = serp + brc + mgt +H,

eHigh-T serpentinization:
Fo + H,0 = atg + brc

Fo +tlc+ H,0 - atg

Fo +en+H,0 = atg

Fo + SiO, (aq) + H,0 = atg
Fo + tr + H,0 = atg + di
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High-T >300degC
Antigorite and lizardite are not true polymorphs of one another.  Tend not to get mgt forming reactions with the growth of atg from olv.  Something we see in obducted rocks as well that were thought to be serpentinized to atg in the mantle wedge (Navajo antigorite-rich metaperidotite, Marianana seamounts, Guatemala, Happo in Japan)- see Evans 2010.
FeMg diffusion is slow in olv at low T, so produce Mg-rich liz but olv cannot accommodate the Fe fast enough so mgt is produced.  At higher T, diffusion is faster, so olv can accommodate Fe, eliminating the need to precipitate mgt and evolve H2.


Look at the rocks! = ExTerra



ExTerral
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Yucky serpentinite
Use geochemistry to answer this question.


Establishing the baseline
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Mantle wedge serpentinites are characterized by low Al/Si weight ratios (<0.03),
enrichments in FME compared to abyssal peridotites, U-shaped REE patterns,
and slight enrichments in LREE relative to HFSE.
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Forearc- strong enrichements in Cs, Rb, Sr, Sb, Li


Sample/Primitive mantle

Sample/ MORB

-

(=]

(=1

o
L

100 ¥

—
o
L

Fluid-mobile Elements

Primitive

Conyi
ntmenta, Crus

Himalayan
serpentinites

01 %

mantle

100-[

Arc magmas

L L M
AsSb PbS CeNd erm'ﬁ AlCa S¢ S 9
. >
Incompatible, Moderately Highly
fluid soluble compatible compatible

forearc
Trench

Partial
melting

H20
As,Sb,

Pb, Sr
LREEs

Phlogopite

> sedimen

100 Km

Hattori & Guillot (2003) Geology


Presenter
Presentation Notes
(e.g., enrichments in Cs, Rb, Ba, U, Sr, and Li could be from either slab-derived fluids or seawater)
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Serpentinites from the marianas and guatemala are significantly enriched in I and Br compared to MORB.  Iodine low in seawater- argue from sedimentary porefluids.

Higashi-akaishi peridotite- mantle wedge serp in Japan. Serpentine (antigorite) microinclusions trapped in olivine.  Sample heated and crushed.  Large circles are the crush extraction Higashi-akaishi peridotite slab fluids.  Small squares are pore fluids.  
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In addition, the chemical composition of relict minerals can “see through” serpentinization effects, providing information about the pre-hydration evolution of the protolith, including partial melting process and degree of melt extraction, which can be related to the original tectonic location of the protolith (e.g., Arai, 1994; Dick and Bullen, 1984; Hellebrand et al., 2001; Johnson et al., 1990).  The Cr# (Cr/(Cr+Al)) of spinel is sensitive to the degree of partial melting with increasing Cr# reflecting an increase in melting.  Low Cr# spinels are documented in abyssal peridotite; whereas, higher Cr# spinels are found in SSZ peridotites (Fig. 4A) (e.g., Arai, 1994; Dick and Bullen, 1984).  Ternary plots of spinel trivalent cation compositions can also be used for discriminatory purposes (Fig. 4B) (Dick and Bullen, 1984).  REE concentrations in relict clinopyroxene grains are also used to determine the degree of melt extraction and tectonic setting (Hellebrand et al., 2001; Johnson et al., 1990).  Clinopyroxenes from mantle wedge peridotites have lower HREE and minor element (Al, Ti, Na) contents than those from abyssal peridotites (Fig. 4C) (Johnson et al., 1990; Parkinson and Pearce, 1998; Pearce et al., 2000).  Hypotheses about serpentinizing fluid sources can be evaluated in the context of the tectonic setting of the protolith using relict mineral geochemistry.



. . Arc volcanism
Geochemical Characteristics of

Serpentinites in Subduction Context
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1. Abyssal Serpentinitas:
- Medium Ti content (10-103 ppm)
- Relatively comstant Y content (0.005-0.05 ppm}
- FMC to FMO-2
- Positive Eu anomaly generally well-marked
- Chromian spinels: Cri<0.6, XMg=0.4
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Exhumed mantle wedge (forearc; SS7)
serpentinites

Examples: Himalaya, Cuba, Guatemala, Trinity
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Case study:

Franciscan Complex,

western California

e Accretionary Wedge

e Shale melange containing
nigh-P blocks of

low-T,

blueschist, eclogite,
amphibolites, and
serpentinites

Jess
Errico
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Case study:
Franciscan Complex,
western California

Franciscan Serpentinites:

e Abyssal = low Cr# of spinel
and LREE depletion in cpx

from one body near Monterey
(Hirauchi et al., 2008; King et al., 2003)

e Altered and scattered
remnants of the CRO (ingetal,
2003; Wakabayashi, 2004)

Coast Range Ophiolite:
o Ma ntle Wedge (e.g., Saleeby, 1982;

Shervais, 2001; Shervais and Kimbrough, 1985; Stern and
Bloomer, 1992
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Samples 12 samples from the franciscan complex
3 samples from CRO (Cuesta Ridge and HWY41)

There’s been a lot of work on CRO, less on F, most of the work has been structural or field, however the serp get a lot of attention because they’ve been proposed as a mechanism to exhume high grade blocks to the surface. However, there’s very little geochemistry work on the serpentinites in the Franciscan other than what I’ve mentioned here.
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High-Grade
Blocks:
Interaction wit
serpentinites
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Don’t have to just focus on serpentinites.  Other evidence that rocks interacted with serpentinites (or serpentinite-derived fluids) in the mantle wedge.
Mg, Cr, Ni-rich actinolite rinds.


Errico et al. (2013) CMP
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Outstanding Questions

How prevalent is serpentinization of
the mantle wedge?

How extensive is serpentinization of
the mantle wedge?
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1) Are all forearcs serpentinized?  Variations by subduction zone related to thermal structure?

2) Within a given wedge, how extensive is the serpentinization?  10%? 60%?  Channelized, etc.  Just in the Franciscan you have blocks with lots of relict grains and others that are 100% serpentinized.


	Geochemical signature of a serpentinized mantle wedge
	Implications and consequences of a serpentinized mantle wedge
	Evidence of Serpentinization
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Look at the rocks!   ExTerra
	ExTerra!
	Establishing the baseline
	Fluid-mobile Elements
	Halogens
	Relict minerals
	Slide Number 14
	Exhumed mantle wedge (forearc; SSZ) serpentinites
	Case study: �Franciscan Complex,�western California
	Case study: �Franciscan Complex,�western California
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	High-Grade Blocks:�Interaction with serpentinites
	Slide Number 26
	Slide Number 27
	Outstanding Questions

