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Introduction

Antigorite [~-Mg;SI,0;(OH),)] is theHP andHT serpentingolymorph and one
of the major constituents of subducting slabs.

Thestructural reasonsof this higher stabllity field are onlyoor understood

Containing up tal2-13% of water and stable up ta50-200 km it is the most
hydrated mineral going down to the mantle duringdsiction.

Its dehydration is believed to be one of the majauses ofmantle wedge
hydration and partial melting processes (e.g. Ulmer and Trommsdorff 1995),
and ofdeep focus earthquakesge.g. Peacock 2001).

Powder (Hilairet et al. 2006) and single-xx (Neatat al. 2009) DAC-XRD
experiments evidencechange in compressionabehavior at P > 6 GPa.

The lack of crystal structural refinements prevents a reliable structural
Interpretation.

We usedheoretical methodsto model the structural evolution of antigonte=
17 up to a pressure80 GPa

Resultsinclude the predictedoS lattice parameters andinternal structure
parameters




Methods

We useddensity functional theory (DFT) (Hohenberg and Kohn 1964; Kohn
and Sham 1965).

Static calculations were performed with fflane-wave pseudopotentiamethod
(Heine 1970) implemented in théASP code (Kresse and Hafner 1993; Kresse
and Furthmuller 1996).

We usedultrasoft Vanderbilt pseudopotentials (Vanderbilt 1990; Kresse et al.
1992).

We exploit theLDA and GGA approximations to exchange and correlation
(Lundgvist and March 1987; Perdew et al. 1996).

Computations were performed in thetigoritem = 17 primitive unit-cell 291
atoms I.e., one unit formula of MgSi;,Og(OH);.).

We used an energy cutoff 500 eV, and a Monkhorst-Pack (Monkhorst and Pack
1976)1 x 2 x 2k-point mesh.

Convergence tests yield total energies and pressapnverged within0.6
meV/atomand0.4 GPa respectively.
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the agreement between LDA and experiments and autgrmgethe discrepancy
between GGA and experiments.



Linear Compressibllity
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e The axial compressibility givgsa: Bb: c=1.11:1.00: 2.07
« It appears reasonable if compared with that afrdize
= 2.78(Mookherjee and Stixrude 2009).

Ba: fBc

* Indeed, the compressibility ofin antigorite should be lower than in lizardite dae

the presence of stiffeonic bondsin the interlayer at reversal lines.




Polyhedral Compressibility

Volume (A3)
300029002800 2700 2600 2500 2400 2300 2200
1047 | | 1 1 | 1 | 1 |
1.02° A ViV Vo = 11.565 As
1.00- —BM3;
e ¢ VN Kyo = 137.679 GPa
] VY] MO
0.98- _ ama
5 0.96- MA Ky' = 3.966
< 094
0.92- e
0.90- Vi = 2.166
0.88- Ko = 247.312 GPa
0.86- ‘
o84+ K = 40.139
-5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0

Pressure (GPa)

 When compared with the bulk modulus, gayhedral modulii aremuch larger.
e Most of the unit-cell shrinkage is accomplishedcbwtraction of the interlayer.

 This is also consistent with the observation thataxial compressibility is higher
across the TO-layerthanwithin the TO-layer.
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From 3 GPa onward, the increasing ditrigonal digino becomes more pronounced in
the short-halfwave than in the long-halfwave.

An “anomalous ring’ with distinct shape can be recognized in the lbaffwave

It “migrates” upon compression from the 6-revefeahtion towards the center of the
halfwave.

Ditrigonal distortion is thus one major mechanisynwhich the T-sheet readjusts to
maintain the linkage with the O-sheet during coragian.



...as seen down [001]
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...as seen down [010]
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Up to 3 GPa, the
halfwaves become
flatter...

Above 17 GPa, the short-
halfwave becomes very
curled

The bending of the
halfwaves is thus a second
major mechanism of unit-
cell contraction,
especially at HP, when
the linear compressibility
alonga exceeds that
across the TO-layer.
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Above 3 GPa, T-sheet
flattening is another
mechanism by which
antigorite acts in
response to compression
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Hydrogen Bonding

Hydrogens do not seem to change
proton acceptors after
discontinuity, but very locally.

Overall, behavior indicative of a
weak hydrogen bondingat
volumes above the theoretically
determined equilibrium volume,
and absence of hydrogen bonding
at lower unit-cell volumes.



Conclusions

Major changes in the compression behavior wenetifiked at~3 GPa(4% of unit-cell
volume contraction) andl7 GPa(8% of unit-cell volume contraction).

Up to ~3 GPa, most of the unit-cell contractiomesomplished bthinning of the
interlayer: thec-axis results much more compressible ta@amdb, and the halfwaves
become flatter.

This mechanism lessens progressively its effec@ss, and from 3 GPditrigonalization
of the T-sheet and halfwawending are more effective.

From 3 GPashort- and long-halfwave behave differentlyupon compression, namely
the halfwave bending, the T-O bonding, the T-sflagening and the H-bonding are
different.

One may wonder whether “even” antigorite polysomvébh symmetrical halfwaves, as
= 16 for instance (Capitani & Mellini 2006), may hadifferent structural behavior under
compression and, eventuallydéferent stability field in subduction zones.

Antigorite can rely upomore degrees of freedonto act in response to an increase in
pressure than lizardite: the two halfwaves can lagmbicontract and can accommodate
different degree of ditrigonal distortion. Moreoyadditional strain can be accommodated
at the reversals.

These additional means to face a P increase psobaitribute to thdnigher stability
field of antigorite among the serpentine minerals (evgni et al. 1976).



Serpentine [MgSi,O(OH),)]
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Serpentinization of Oceanic Plates
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From D. Kerrick (2002) Science, 298:1344

Serpentine Is widespread in oceanic
plates undergoing subduction.

It forms by hydration of peridotite by
hydrothermal circulation of seawater
directly atocean ridges

Or by seawater Iinfiltration along deep
outer rise faults.

Upon subduction water is released
from serpentinites by dehydration
reactions.

— Dehydration embrittlement...

— Mantle wedge metasomatism...
— Serpentine seamounts...

— Calc-alkaline volcanism...



Phase Diagrams for Ultramafics
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