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Background Excitation amplitudesThermaleffects Conclusion

The «Slichter» mode,;S

Translation of the inner corein the liquid outer core

 period between4h - 6h for realistic Earth models
(e.g. PREM 5.42h) (Rieutord2002 Rogister2003;

* perturbssurfacegravity: inertial 3% + free-air 96% +
potentialperturbationl% of the total effect (Dahlenand
Tromp,1998

Impacts in :

Information on theviscosity wseismology,

and density jump at the ICE
(Archimedean feedback)

wgeochemistry,

wgeodynamic,

wgeomagnetism.

[Slichterl961;Smith 1976
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The «Slichter» mode,SY ! 1] dz

At Slichter frequency (~ 5 h) SGs are instruments with the lowest noise levels
A Search for,S,; signal in SG time-varying gravity data from the GGP network

Controversiabletection No detection

Smylie (1992, Courtier et al. Hinderer et al. (1995, Jensenet al. (1995,

(2000, Pagiatakistal. (2007 Rosatet al. (2003 2006 2007, 2008, Guo et
al. (2006 2007 , Abd EI-Gelil and Pagiatakis
(2009, Ding andShen(2013

Rieutord (2000: such an
observation incompatible Combination of more and less noisy
with theory SG data

What is the expected Slichter mode
surface amplitude?

Depends on the excitation process and damping mechanism
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The «Slichter» mode,S;: Damping

seismicanelasticity
Crossleyetal. (1990) A Q ~5000

Outercoreviscosity.

MathewsandGuo(2005 A Q ~ 5000 —Q O 20C¢C

Magneticdamping

BuffettandGoertz(1995 A 2200<Q<5.810°

What excitation

processes?
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1S Which excitation mechanisms?

e Smith(1976);
e Crossley(1987 1992);

* Rosat(2007;

 Greff-Lefftz andLegros(20079);

» RosatandRogister(2012);

* Rosatetal. (20149.

- Seismic excitation

Pressure flow at core boundaries

1 Pressurdlow at coreboundariesmeteoroid

" impact,surfacepressurdoad

| ECMWF and NCEP/CFSR(meteorological

] center data) surface atmosphericpressure

load

Severine.Rosat@unistra.fr

Colloquedu G2,17-19nov.2014, Strasbourg



Background Excitation amplitudes Thermaleffects Conclusion Seismicexcitation Atmospheridoad Coreflows

1S: Seismic excitation amplitude

A () = a2| D (r.Q,F)AQ.F) [Dahlen&. Tromp, 1998]
¢ 4/9
A(Q,F) = A cosQ+ A sinQcosF + BsinQsinF

Ao=M U +M, +M, @ —%kVo,

The effect of the source depth is representedby 1/r,, while the
seismianomentM directly scaleghe excitationamplitude
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[Rosat& Rogister2012]
A small excitation amplitude expected
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Atmospheridoad

Coreflows

Seismiexcitation amplitude

hil §
Event | Chile1l Chile2 €| Alaska |Bolivia | Pery|ANdaman- | Maule-| o\
1+2 Sumatra | Chile
Date 1960 1960 1960 1964 1994 | 2001 2004 2010 | 2011
M,, 9.5 9.6 9.8 9.2 8.2 8.4 9.3 8.8 9.1
Ref f K i and Ci K '
eference for anamori and Cipar anamori Global CMT*
the source model (1974) (1970)
Surface gravity effect inGal (= 102 nm/<)
Smith (1976) | 0.94 1.2 - 0.58 - - -
Crossley (1992) 0.724 0.835 1.52 0.34 0.02 - -
Rosat 2007 0.656 0.853 1.51 0.19 0.007 | 0.010 0.29 0.095 | 0.145
1 Stein and Okal (2005) (é surface
2 personal communication diSp|. ~1 I»lm)
Vertical dip-slip My, > 9.7A A> 1 nGal
[Rosat2007]
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Coreflows

Collisionwith a meteoroid(seismiampact)

. Diameter| Density Ag
Location Date M —
(m) (kg/m®) | W] (nmis?)
Ries Crater 15.1+0.1 2700 6
Germany vy ep | 1500 (ock) | 74| 3.910
Rochechouart | 214+8 3350 6
France My BP 1500 (stony-iron) 751 4910
Chesapeake Bay35.5+ 0.3 2700 5
USA My BP 2300 (rock) 7.8| 1.410
Chicxulub 65+ 0.05 2700 3
Mexico My BP 17500 (rock) 26| 6.710
Basedon simplified computation®f Collins et al. (2005, Meteoritics& PlanetaryScience
[Rosat &Rogister2012]
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Collisionwith a meteoroid(seismiampact)

. . A
Location Date Diameter)  Density Seismic efficiency
(m) (kg/me) 10° <k < 103

Ries Crater 15.1+0.1 2700 | (Schultzand Gault, 1975)
Germany My BP 1500 (rock) Herek = 104
Rochechouart | 214+8 1500 3350 BUT if k= 10°
France My BP (stony-iror M,, = 10.2
Chesapeake Bay35.5+ 0.3 2700 — 0.7 10° nm/s?

yoo.0x 0. E
USA My BP 2300 (rock) 7.8 1.41\10
Chicxulub 65+ 0.05 2700
Mexico My BP 17500 (rock) 9.6

Basedon simplified computation®f Collins et al. (2005, Meteoritics& PlanetaryScience

[Rosat &Rogister2012]
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Surfaceatmospheridoad

.?.2']-”( :l
.0, 0t) = [U(ra)go + P(rs)] Degreeone surfacéoad (from international
11/ /
meteorologicatenter)
[/ e [ o10(t') cos B + o5, (t') sinfl cos ¢ + o7, (t') sinf sin ¢ |dt’]
2 2
[~w?U(r,) + _QE]E (rs) + —P(rs)]
L . J [ . J \_'_I
inertial free-air potential

August 2008 hourly ECMWEF (European Centre for MediumRange Weather
Forecastsglataavailablein the frameof the CONTOS8 intensiveVLBI measurements
(usually3 h temporalresolutior)

[Rosatet al. (2014 PEPI]
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Surfaceatmospheridoad
ECMWEF and NCEP/CFSR

B Lowest SG noise level Maximum AQ (”3 NCEF’/CFSR)
-140 = _ 1 [Rosat& Hinderer (2011) BSSA] _ . .
b Sub seismic band /
‘ | S, 7 — : : f
é T
< -160 T : / (D) 0.5 et
: e 0. 3nGaI A V! MM{
i‘; -180 05 neal {/ DW'L ILN]'NW MQMW ’W‘N
E I
g o — . Jan-2000 Jul-2005 Dec-2010
A\ i owest SG noise level
2 00 11 R Ag at BFO (ECMWF-IB) | | Maximum Ag (Non-IB - NCEP/CFSR)
g R Ag at Djougou (ECMWF-IB) 1 | |
R 0.7 nGal
5 TP 1L
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Forcing
» Hourly degreeoneECMWF atmospheri@ressurdield duringAugust2008

» Hourly degreeoneNCEP/CFSRrom 2000until 2011

Responsef theoceansinverted(IB) andanoninvertedbarometefNIB). [Rosatet al.(2014) PEPI]
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Surfaceatmospheridoad
ECMWEF and NCEP/CFSR

PREM Lowest SG noise leve| Maximum Ag (IB NCEF’!CFSR)

140 — T=542h : [Rosat& Hinderer (2011) BSSA]

h Sub seismic band 4
-\; S ? |

~ -160 o0&

< e 0. 3nGaI | Stacking of 10 SGs with similar
g 1o low noiselevel would increasethe
Lo ‘ _gg"é?iéi(%s%(:ﬂ:\é{?jégm) | SNRby afactor3é butonly 1 SG
2 e with suchlow noiselevel (heavier
% 290 bl 4 N sphereSG atBFO Germany)

!
AY " ] f\ ;‘ll‘J} a ‘A.\ Ay 1: ‘-
A b ) Ny
N 3““ /"Ij :; wl:\,\‘ G :\;‘j"‘: L A T 5 ..................................
41 I h R Canyhy I
) ! “'j ,?\"; L M ,1\! l",'l . f-\ . b Hl
( W o ‘F 0 M My /;? P ‘ . [
240 L U i VL e Yfudte o N
- T T L) L} L} T T T | L L L L) LI L L L I TrrrrrnTry I TrrrrrrrprrrrrTTy

N Jan 2000 Jul 2005 Dec-2010

Forcing
» Hourly degreeoneECMWF atmospheri@ressurdield duringAugust2008

» Hourly degreeoneNCEP/CFSRrom 2000until 2011

: : [Rosatet al.(2014) PEPI]
Responsef theoceansinverted(IB) andanoninvertedbarometefNIB).
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Pressure flow at theoreboundaries
analyticalmodel

100% 'S/ichter/4 7-S/ichter/z \ 7-S/ichter nGagloo

™
“Boo— M300 ‘
Wb

700
600
[\ Zonal degreene
| %\ 500 pressure flow at CMB
1400 ,
\\\ ‘ _‘ =Ty ’-
~~— i, |[W300 | ptMB _ P,cost) e *
-1200
; B Y 1100 [Rosat& Rogister2012
0 " —+—710 10 Results analog tGreff-Lefftz
1 2 3 4 5 6 7 andLegros(2007)

Characteristic time t (hour)
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Pressure flow at theoreboundaries
analyticalmodel

1000 | LS/ichterM 7-S/ichter/2 : 7-S/ichter nGagloo

L o
o M800 @
700 _

600

Zonal degre@ne
pressure flow at CMB

a 10 Pa degree-one

pressure flow at CMB :
(81 Pa at ICB) __ _‘f =7 *-’~

A al0nGal surface P“ME _ p¢ g ¢ * T/
gravity perturbation -

~TZUU
o R 100 [Rosat& Rogister2012]
0 = | £10 Results analog tGreff-Lefftz
1 2 3 4 5 6 7 andLegros(2007)

Characteristic time t (hour)
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Maximum surface amplitudes for the Slichter moc
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Possible sources of excitation
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Thermaleffects

Earthquake
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Thermaleffects

Introductionof phasdransformationst ICB:
Grinfeld & Wisdom201Q Coyetteetal. 2012

Instantaneous phase transformations

|

Slichtermode periods of the
order of ten minutes
(instead 065.42h for PREM)

E>
%.
(€4

Inner core

Outer core
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Thermaleffects

During translation, Lagrangean

ICB pressurehangeyp
T (K) 1 : |
¢ i i
0 : '
solid
mantle ' liquid outercore ! innercore
. - >
Pressure

- At thelCB, T, = T, critical temperaturdéor phasechangebetweerliquid andsolid.
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Thermaleffects

During translation, Lagrangean

T )4 ICB pressurehangep
a.nl
DT=_P Opp| Adiabaticity
rCCp

a, : coefficient of thermaéxpansion
C, : specificheat at constairessure
I fluid coredensity

solid
mantle liquid outercore innercore
>
Pressure

- At thelCB, T, = T, critical temperaturdéor phasechangebetweerliquid andsolid.
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Thermaleffects

During translation, Lagrangean

pressurehangeyp
a T . . .
DT=_P Opp| Adiabaticity
rCCp
VTC :
OTC= 19 Dp Claus_lusCIapevron
L equation

solid
mantle liquid outercore innercore
>
Pressure

- At thelCB, T, = T, critical temperaturdéor phasechangebetweerliquid andsolid.
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Thermaleffects

During translation, Lagrangean

R ICB pressurehangep
T(K) - 2T
DT=_P Opp| Adiabaticity
rCCp
| | vTC ClausiusClapeyron
: | DTC=17 pp -
| | ] equation
5 i o, or| . .
: : —*—1 Y supercoolingatICB
: : b p
solid
mantle ' liquid outercore ! innercore
- - >
Pressure

- At thelCB, T, = T, critical temperaturdéor phasechangebetweerliquid andsolid.
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Thermaleffects

supercoolingat ICBA development of dendritdsamified
crystalline structureat ICB

Speedof solidificationatthe |ICB = speedf growth of dendrites

v, = X(DTC - DTY (Wu ar\dRochesteﬂ99zp
(Flemings 1974

x=0.222,h=1.84

Speeof translatiomatthe ICB:

V. = fu u: IC displacemenfa few mm)
t 0 f,: ;S frequency~ 5.12510°Hz
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Thermaleffects

Max. IC DTe-DT | Pressure ICB Growth
Excitation source displacement ) change at | Velocity | Velocity
(mm) ICB (hPa) | 1, (m/s) | v, (m/s)

Pressure flows in the core 775 54107 115

(CMB: 150 Pa, ICB: 1217 Pa)
Pressure flows in the core 57 3.6 10° )8
(CMB: 10 Pa, ICB: 81 Pa)
ECMWE - IB 0.5 3.310° 0.25
(Aug, 2008)
NCEP - non-IB 32 22107 1.7

(2000 - 2010)

NO phase changeluring IC oscillation
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Thermaleffects

[ —e8) -1 ] ICB = phasetransition - no mushy or slurry
T8 abinito } } i 1 layerabovethelICB; - adiabaticprocess- no
oo == (0) 7 (%) =%t 1 changeof compositionduring the motior; use
B LG bodd -‘;?%w’e* * £t 1 of Clapeyronequation(only valid for 1t order
o [ >"ﬁf 2{ |1 phase transformations), simple dendritic
~ growth theory (transition interface,interfacial

shapé ) from an unstable crystalmelt
interface(but presenceof impurities S, Si, O
in themelt), eta@

This Study:
—— phase boundaries ]
= = extrapolated melting line _|

2000 | LU=
. e-Fe -~ .- fast recrystallization threshold

R T T (T O T O NSO S S N Y S I N U AN H
0 100 200 300
P (GPa)

Phase stability domains fée.
Anzellini et al. 2013 Melting of Iron at Earth's

Inner Core Boundary Based on Fast X-ray
Diffraction, Science
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Summaryon the Slichtermode

Maximum surfacegravity effect for known sources< 1 nGal and
lowestSG noiselevel at Slichterfrequency ~2 nGal;

Stacking 10 worldwide SGs of 2 nGal low noise levels would
Improvethe signalto-noiseratio by a factor 3 (but todayonly SG at
theBlack ForestObservatoryGermanyhassucha low noiselevel);

Largestexcitationamplitudesare reachedor pressurdlow actingat
the core boundariesbut actual flow amplitudesat suchtime-scales
areunknown

Speedof translationof the IC >> growth velocity of dendriteseven
for a 1-meterlIC displacement no phasetransformation during
the oscillation.
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THANK YOU |
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Densityjump at ICB ?

D (ICB) ?

- Ratio of PKiIKP/PcPwaveamplitudes:
A <450 kg m*[Koper& Pyle 2004]

A <520 kg m?[Koper& Dombrovskaya200]
- PREM model 600 kg n#

- Normal modegy 820 kg m® [Masters &Gubbins2003]

Gubbinset al. (2008)A model with large overall density jump betwee
IC and OC of 800 kg/dgand a sharp density jump of 600 kg/at ICB

D rg — energynecessaryto maintain the geodynamoprocessif driven
by compositionalconvectionlinked to the ICgrowth 'hageof the IC

D rglargerbslowergrowth rate of the IC
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