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Ammonite, Recon

Ammonites were an abundant

extinct about the same time as

structed > >

marine organism that
the dinosaursNroughly

million years ago. Although their shells make good fossils,

other ammonite structures are rarely discelkeda et al. ¢
¢ have used synchrotron-/

(p. 70; see the Perspectivelapab
based x-ray microtomography to
mouthparts of three specimens.

visualize and reconstruct the
The morphology of the jaws

and radula suggests that ammonites fed on small marine in®
vertebratesNindeed, tiny crustaceans and snail-like gastro-
pods were found among the jaws of one specimen.

Heating the Solar
Atmosphere

The question of why the SunOs outer atmor

sphere, or corona, is much hotter than its s
face is one of the main unresolved issues i
lar astrophysics. By combining measureme
from NASAOs Solar Dynamics Observatory
the Japanese Hinode satellRe, Pontielet
al. (p. 55) show that jets of plasma propelled
upward from the region immediately above the
Sun's surface are implicated in the heating of
the solar corona. The results challenge current
models for coronal heating and show that the
interface region between the surface of the Sun
and its corona plays a crucial role in energizing
the solar atmosphere.

Spinning the Unspinnable

Weaving and spinning can take a weak mate-
rial like straw or yarn and turn it into a much
tougher rope. Limaet al. (p. 51) found that
by using carbon
nanotubes as a
support mate-
rial, they could
spin and weave
a range of
materials that
otherwise are
considered in-
tractable to such
manipulation, ranging from superconductors
to sutures containing biomedical agents. The
desired materials were deposited onto a web of
multiwalled carbon nanotubes, using an electro-
static powder coating gun, and then twisted into
yarns, which could be knotted and sewn, and
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showed excellent retention of the guest particles
when subjected to solvents or a mechanical
washing cycle.

jjoc_)wa rd Perfection?

nt&hen physicists tried to re-create the conditions
dretleved to have existed microseconds after the
Big Bang, they found, to their surprise, that the
resulting “soup” of quarks and gluons behaved
not like a gas, but like a perfect (frictionless)
liquid. Caoet al. (p. 58, published online 9
December) have studied one such candidate for
a perfect liquid at a convenient scale—a dilute
gas of fermionic Li-6 atoms—and measured
its viscosity in a wide temperature range. The
results were consistent with expectations that
a resonant Fermi gas would have properties
dependent only on density and temperature.
Although the estimated viscosity/entropy ratio
approached the perfect fluid limit, it still ex-
ceeded it by fivefold. Nevertheless, these mea-
surements can now be compared with advanced
theoretical models.

Spinning for Naught

Large-scale structures or discontinuities in
Earth’s interior are typically caused by transfor-
mations in the physical or chemical properties
of minerals that occur when pressure increases
with depth. For example, an electronic spin
transition in iron atoms within minerals that
are stable at high pressures and temperatures
has been predicted to influence some miner-
als’ compressibility and, hence, the speed of
sound waves passing through the lower mantle.
Using an inelastic x-ray scattering technique

at high pressures, Antonangeliet al. (p. 64)
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show that the spin transition in fact does not
influence how ferroperriclase (a major lower-
mantle mineral) is compressed, but it does
appear to affect anisotropy (i.e., directionally
dependent properties) within ferroperriclase,
which may account for the observed directional
dependence of some seismic waves in the lower
mantle, even though the spin transition itself,
which should occur at a defined depth, does not
correspond to any specific structure or anomaly
in the lower mantle.

Seasonal Behavioral
Plasticity

The African butterfly Bicyclus anynanhows a
sex-role reversal in courtship behavior, which is
set during larval development and controlled
by larval rearing temperature. In the wet
season form, the males court and the females
choose, while in the dry season form, females
court and males choose. Prudicet al. (p. 73)
show that these changes in mating behavior
correlate with a cryptic change of the sexual or-
nament in both sexes. In the wet season, males
have brighter sexual signal in the ultraviolet
(UV) range, and in the dry season, females
have a brighter sexual signal in the UV range.
These changes in both sexual roles and signal
are also correlated with a change in costs

and benefits to mating among the different
seasonal forms. Females have both increased
longevity and reproductive output if they mate
with dry season males, but dry season males
have a reduced life span when mated, while
wet season males do not. Thus, reciprocal pat-
terns of sexual selection through the seasons
result in mutual ornamentation.
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3C) quantitatively reproduce the main featuresan be sufficient to focus the returning wavell
discussed above. Inspection of the trajectorigmcket onto the ion. 1
responsible for the side-lobes shows that these In our model study on the ionization of meta-;5
trajectories can indeed be considered as a retable xenon, we have experimentally shown thes
erence and scattered wave packet, creating a hgi@ssibility to record holographic structures.
gram (Fig. 4A).
The efficiency of electron-ion recollisionthat the hologram stores spatial and temporal,
drops dramatically with increasingse,because information about the core- and electron dy-

of spreading of the wave packet betweenamics. This offers opptoinities to extend strong- 17.
ionization and recollision. Still, a clear hologranfield holography to more complicated systems and®-

can be observed atpim. Two effects make this to use it to time-resolve electron-dynamics. A
possible. First, the hologram results from a hetevealed in recent experiments 26), electron-
erodyne experiment, in which a weaker signal i®n recollision phenomena encode hole dynamics

mixed with a stronger signal. Second, to createthat occur in ions during the first few femto- 2;-

clear reference a large-impact parameter s&conds after strong-field ionization. When?

Coulomb field. For largé,ser @ smallp, al-  wavelength-driving laser, photo-electron holog-

ready leads to large-impact parameters becausphy appears especially well suited for studyings.

of the long excursion time between ionizatiorihis type of dynamics, in particular in molecules2: L
27. We acknowledge R. Kemper, H. Schoenmaker, A. de Snaijersd

and recollision. with a low binding energy that cannot easily |
Inspection of the electron trajectories constudied by other means.

tributing to the transverse structures (Fig. 3)
reveals that they are due to recollision events in
which the scattering does not occur on the first,
opportunity but on the second or thigf)(24, 25). 2.
Typical examples of these trajectories are showrs.
in Fig. 4, B to D. One, respectively two glancing
electron-ion collisions can be observed before the,’
real recollision takes place. Usually, these rare
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Spin Crossover in Ferropericlase at
High Pressure: A Seismologically
Transparent Transition?

Daniele Antonangelt;?* Julien Siebert;? Chantel M. AracngDaniel L. Farbe?;® A. Bosak,
M. HoescH, M. Krisch: Frederick J. RyersénGuillaume Fiquet, James Badro

from a high-spin to a low-spin st&tén both
ferropericlase 2) and perovskite 3, the two
main phases of the lower mantle, does not clearly
relate to any seismic signature, although effects
on mantle density and seismic wave velocity
have been anticipatedEg). In ferropericlase, the
spin transition occurs vibut structural changes
(4, 9), but experimentallQ) and theoreticall()
studies suggest large softening of all the elastic
moduli and, consequently, a major decrease in

Downloaded from www.sciencemag.org on

the aggregate sound veta@s. Thus, at pressure
Seismic discontinuities in Earth typically arise from structural, chemical, or temperature vamatitamperature conditions of the lower mantle,
with increasing depth. The pressure-induced iron spin state transition in the lower mantlesoayan effect should be associated to a broad

influence seismic wave velocities by changing the elasticity of iron-bearing minerals, but sei

smic anomalyl@) that, conversely, is not ob-

seismological evidence of an anomaly exists. Inelastic x-ray scattering measurements onserved 13, 14).

(Mg .sF&.17)O-ferropericlase at pressures across the spin transition show effects limited to tiere we present inelastic x-ray scattering (IXS)
only shear moduli of the elastic tensor. This explains the absence of deviation in the aggneeggarements on (Mgfe 1)O-ferropericlase
seismic velocities and, thus, the lack of a one-dimensional seismic signature of the spin across the spin transition and up to 70 G (
crossover. The spin state transition does, however, influence shear anisotropy of ferroperi¢lesebtaided the complete elastic tensor (that is,

should contribute to the seismic shear wave anisotropy of the lower mantle.

T

seismic discontinuities aid in the understandesponsible for the main seismic discontinuitie%
ing of Earths interior. In this sense, the seriesn the upper mantlelj.
of phase transformations that occurs in olMine

he characterization of pressure- andown into ferropericlase and perovskitis em-

A

Linstitut de MinZralogie et de Physique des Milieux CondensZs,
. - h ) UMR CNRS 7590, Institut de Physique du Globe de Paris,
temperature-induced transformations iblematic. These phase changes are accompanigflersitZ Pierre et Marie CuriejdkitZ Paris Diderot, 75005

mantle minerals and their connection tdyy density and sound-velocity variations that arBaris, Frandeawrence Livermore National Laboratory, Livermore,

94550, US?Department of Earth and Planetary Sciences,

niversity of California, Sante,Santa Cruz, CA, 95064, USA.
. . _ “European Synchrotron Radficifity, BP 220, 38043 Grenoble
In contrast, the recently discovered iron spincedex, France.

which with increasing pressure first transforms tetate transitiol where compression favors thesto whom correspondence should be addressed. E-mail:
wadsleyite, then to ringwoodite, and then breaksectron spin pairing, with the system changinganiele.antonangeli@impmec.upmc.fr
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all of the independent moduli that linearly relateslastic tensor to be directly determined from theaves at the interfaces and input of external
stress and strain) and derived the aggregatstial slope of the phonon dispersion of selectegarameters to obtain bulk properties. Brillouin
sound velocities, the aggregate elastic modulgngitudinal acoustic (LA) and transverse acousneasurements, which also directly provide sound
and the shear anisotropy at corresponding deptfit (TA) modes, without any external input orvelocities, were limited in the case of ferroperi-
IXS has proven to be a useful technique for tha priori model {5). Thus, IXS overcomes the clase to the only shear velocities and the lon-
high-pressure and high-temperature study of eldawitations of previously used surface-sensitivgitudinal moduli computed after input of the
technigues [such as impulsive stimulated lighindependently measured) bulk modul@®)(
and single crystalsl®, 20). In particular, IXS scattering (ISLS)§ 21)] that require a complex IXS allows for the in situ determination of sam-
allows all of the independent elements of theata inversion, involving modeling of the soundple density 15), which is an important parameter

ticity and sound velocities of powders6pL8)
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in the mixed-spin region. Furthermore, whereas
Brillouin scattering is restricted to transparent
samplesZ2E24), IXS is not. Thus, we have been
able to investigate hi@iron-content ferroperi-
clase [17 mole percent (mol %) Fe], which is
more relevant to the lower mantle than that used
in recent work §, 22E04).

Up to ~40 GPa, all the elastic moduli exhibit
a monotonic increase with pressure (Fig. 1 and
table S1), as is expected with compression. In
the 4@0oB60-GPa pressure range, where the
spin transition occur2( 4, 25), we observe a
distinct softening of ¢, and a small variation in
C,», Whereas @ retains a continuous trend. Above
60 GPa, the usual monotonic increase with pres-
sure is observed for all of the moduli, albeit with
a larger pressure derivative. The back extrapo-
lations of our results to ambient pressure are
within a few percent of the ultrasonic determi-
nations for the same compositid6), Howev-

er, if we compare our high-pressure measurements

with ISLS (L0) and Brillouin @2, 24) data ob-
tained on samples with lower iron content, we
observe qualitative agreement fop;@nd G =
1/2(G, B Cy»), which display softening in the
pressure range of the spin transition for all
methods (quantitative differences are at least
partially due to differensein iron concentration),

Fig. 1. Pressure evolution of the singfigstal elastic moduli of (MgFe)O-ferropericlase (table S1put disagreement for;gand Gi. Whereas both
(15). Solid squares, IXS dataxor 0.17 (this work); open diamondsnbient pressure ultrasoni@ptical studiesg, 22) report a large softening of
determinations far= 0.17 @6); open triangles, Brillouin measurements#@.06 ¢3); open inverted Cia in the 4@0B60-GPa range, the direct de-
triangles, ISLS resultsxer0.06 (10); open circles, Brillouin determinations fo0.10 @2). Error bars termination of G, by IXS [via sound velocity
account for the uncertainties on the measured velocities and dessites%, atomic percent.

Fig. 2. Density evolu-
tion of the aggregate
sound velocities (Voigt-
Reuss-Hill averagép).

Solid squares, compresz=
sional sound velocity
(Vp); solid circles, shear
sound velocity/§); open

hexagons, bulk sound
velocity Wo = VKip).

The lines are linear fits
to the experimental data. g
The density range cor-%
responding to the spin-
transition zone (4750 to
5000 kg/m) is shaded.

Error bars on the ag-
gregate velocities come
from the propagation of
the uncertainties on the
elastic moduli and the
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difference between the Voigt and Reuss avésage (
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measurements of the LA[100] modkS)| does

not show any anomaly (Fig. 1). To support our
findings, we stress that in other systems where
pressure-induced, spin-pairing transitions occur
(such as the extensively investigated Fe-, Co-,
and Mn-Invar alloys), #se transitions are com-
monly accompanied by much larger effects on
the shear elastic moduli than on the longitudinal
moduli 27, 28).

From the measured single-crystalling, @e
computed the aggregate elastic properties bulk
and shear moduli, as well as the compressional
(Vp) and shear\(s) sound velocities by straight-
forward averaging [se&%)]. The values we obtain
for the bulk and shear moduli compare favorably
with the ambient-pressure ultrasonic determina-
tion (26) and with the values obtained by x-ray
diffraction @) for both the low-spin and the high-
spin state (figs. S3 and S4).

A direct consequence of the lack of soften-
ing of Cy; and of the moderate effect on Qs
the absence of any sizable deviation from a
linear density evolution of the aggregsteand
Vs (Fig. 2). In contrast to recent clain® {1, 22),

65
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neitherVp nor Vs show an anomaly due to thethe same. Accordingly, the pressure evolution abvskite @3, 34), our results suggest that the

spin-pairing transition. the shear anisotropy, definedAas 2(C BCy4)/  velocities of the two major phases of the lower
With respect to Ear lower mantle, recent (C! + Cyuy), is very different for the high- and mantle might become comparable (if not ferro-

optical 8, 22) and theoreticalll) studies pro- low-spin ferropericlase (see inset of Fig. 8): periclase faster than perovskite) in the lowermost

posed that an anomalous (albeit smooth) softeimcreases linearly with pressure in the high-spibh000 to 1200 km of the lower mantle. This could

ing of the aggregate elastic properties (especiafyhase, whereas it remains almost constant (chnallenge current compositional models of the

the bulk modulusk and the bulk velocity/y, =  slightly decreases) in the low-spin phase. Thukwermost mantle based on an extrapolation of

1 K/p, wherep is density) should occur at depth.we suggest that a seismically detectable signatuogver-pressure elasticity data. However, direct high-

The range over which this takes place has be@ifithe spin transition in the lower mantle may beressure, high-temperature measurements on both

suggested to extend from 1000 to 1500 knfpund in the shear anisotropy. Because ferropeferropericlase and perovskite (with relevant major-

based on room-temperature resuly, @nd clase is much weaker than perovskite, it can aelement compositions) are required to confirm

from 1300 to 1800 km, when including high-commodate most of the strai?9( and develop these conjectures.

temperature effect®?), such as those along astrong texture30). Our measurements indicate

mantle geothermly). Our study provides an a very large shear anisotropy, ~70% at 70 GPa

explanation for the lack of a seismic signaturéor ferropericlase with a Fe content of 17 mol %,

(13, 14) associated with the spin crossover in tha value very close to that measured for ferro-1: . , , ,

lower mantle. _ N periclase with 10 mol % Fe24) and at least 'J”_tgg‘gr(;agf’bggiiéé”é‘a Sg‘;s(sz'o%zg?blrgffi'zgfoo)'
The high-spiBtoBlow-spin transition does, 50% larger than the shear anisotropy of MgO  s¢ience.1081311.

however, have an effect on the single-crystgP4). Such a considerable anisotropy, in conjunc-3. J. Badret al, Scienc&05, 383 (2004).

elasticity of ferropericlase (when not smeared du®n with lattice-preferred orientation, supports the4. J.-F. Liet al, Nature436, 377 (2005).

to averaging over many grains as in an idealljotion that ferropericlase is the main phase® JZ'E)'EGLIM al, Geophys. Res. L88, 122304

random aggregate). The relative magnitude of tiesponsible for the seismic shear anisotropy of; E-,F ﬂ}m al, Geophys. Res. L8t L09301

shear elastic moduli & and G (corresponding the lower mantle24). Therefore, the different (2007).

to the sound velocity of the TA[11Qh,~ and shear anisotropy behavior of high- and low-spin7. S. Speziak al, J. Geophys. R&$2, B10212

TA[110].g10- modes, respectively) evolves withferropericlase should be considered together with  (2007). A

pressure (Fig. 3). At ambient and low pressureemperature and chemical variations to interpref” ébfg)ta"ﬂ al, Barth Planet. Sci. L&89, 68

C44 > Cl, but the pressure derivative of {8 local seismic heterogeneity. 9. Y. Febt al, Geophys. Res. L8#, L17307 (2007).

larger than that of £, so that the two intersect ~ Finally, the values ofVp and Vs for  10. J. c. Crowhurst, J. M. Brown, A. F. Goncharov,

around 16 to 17 GPa. At higher pressures, th#dlgogd)17)O-ferropericlase at 70 GPa (133D0 S. D. Jacobsegcienc@19, 451 (2008).

sign of shear anisotropy is reversed. This behavi800 m/s and 7360 220 m/s, respectively) are 11. R. M. Wentzcovithal, Proc. Natl. Acad. Sci. U.S.A.

is in good agreement with results of Brillouinvery close to the measur¥d (31) and computed 12 aoi 8L447 (2009).

. 3 X . J.-F. Liet al, Scienc&17, 1740 (2007).
spectroscopy on samples with 10 mol % E4.( Ve andVs (32 33) values for MgSi@perovskite 13 . mastergos Trans. ABY (53), Fall Meet. Suppl.,
Above 60 GPa, in the low-spin phase, the prest the same pressure. Because both Fe and Al are
sure derivative of the two shear moduli is almostxpected to lower the aggregate velocities of pe-4.
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Small Interannual Variability of iflerent senaiiy of [0H) 1 varatione m e

atmospheric environment than is derived in at-

G | (@) bal Atm 0S p h = rl C Hyd roxyl mospheric model2(). Year-to-year changes in

global [OH] as high as 20 to 25% have been
S. A. Montzk&* M. Krol?2 E. Dlugokencky,B. Hall! P. Jeickét J. Lelievel&® derived from analyses of GHC; observations
between 1980 and 2003, and these analyses im-
The oxidizing capacity of the global atmosphere is largely determined by hydroxyl (OH) rpljicaleean IAV of 7 to 9%16, 17). Chemistry
and is diagnosed by analyzing methyl chloroforgC@Hmeasurements. Previously, large transport models calculate a global [OH] varia-
year-to-year changes in global mean OH concentrations have been inferred from such bility of only 1 to 2%, but these models do not
measurements, suggesting that the atmospheric oxidizing capacity is sensitive to perturbatioastly include variability in all factors influ-
by widespread air pollution and natural influences. We show how the interannual variabiliypémg [OH] ROER3). Variations in [OH] of up to
OH has been more precisely estimated fra@GFheasurements since 1998, when atmosph&@®6 have been estimated frdiCO, although
gradients of GICC} had diminished as a result of the Montreal Protocol. We infer a small only over a few months and on semihemispheric
interannual OH variability as a result, indicating that global OH is generally well buffered spatial scalesl).
against perturbations. This small variability is consistent with measurements of methane andslobal mean [OH] can be estimated from
other trace gases oxidized primarily by OH, as well as global photochemical model calcutdtiamspheric observations of a trace gas whose pre-
dominant sink is reaction with OH from mass
The hydroxyl radical (OH) is the primary parameters3( 8), many of which are highly var- balance considerations by equating the rate of

on January 7, 2011

oxidant for many non-C© greenhouse iable in space and time and are relatively poorlghange in the global burdedG/d) to the differ-

gases, several stratospheric 0zone-depletingaracterized on global scales and in model cance between the global emission B)eafid loss.
substances and their substitutes, and hazardaugations. As a result, calculated sensitivities dBolving for the pseudtirst-order rate constant for
air pollutants. It is also central to atmospheric phaylobal [OH] to 1AV in the chemical and physical loss &s), which is proportional to [OH], gives
tochemistry and the regulation of tropospherimakeup of the atmosphere have yet to be ad-
ozone, and thus controls the influence of chenequately tested. 10H'v, Ko # E ., dG/dt $1%

G

ically reduced trace gases on climate, the strato- Although OH can be measured directly on G G
spheric ozone layer, and air qualitypf). The local scales, these results cannot characterize thieere G is the global burden estimated from
interannual variability (IAV) in OH concentra- integrated response of global mean [OH] to theurface measurements. AlthoughCBl; losses
tions (JOH]) on large spatial scales providesnany processes that control its formation an@nd k) are dominated by OH oxidation ac-
insight into the stability of the atmospheric oxidoss. Instead, indirect techniques are used in whiclrding tak(T) x [OH], they include stratospheric
dation capacity and its sensitivity to humanfOH]is derived from observations of OH-oxidizedphotolysis, hydrolysis in surface waters, and oth-
induced and natural perturbations. However, @ace gases such as §3Cl; and**CO ©B19).  er processes. Global mean [OH] derived in this
consistent, predictive understanding of the net re-
sponse of [OH] on broad scales to such pertur,
bations is lacking. For example, a range of negati
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% 160 F Fig. 1. (A) Observed hemispheric monthly
V! o F % NH mean mixing ratios of & [update of

[OH] feedbacks is calculated from changes in Y (14)]. NH and SH denote Northern and
atmospheric methane abundarg;ét). gg 120 Southern HemisphsreespectivelyB) Ex-
Theory suggests that the sensitivity of [OH] § 2 100 | ¢, ponential loss frequencies for;CE}
to environmental changes depends on the relat|v§ § 80 b derived from global surface means. Gray
importance of primary and secondary (recycling)s 2 o F points are independent estimates derived
OH formation pathways7). The balance be- %% : from monthly means 12 months apart
tween primary OH formation initiated by ultra- © 40 [e.9., INGan. 200/G3an. 200} plotted at the
violet light and formation by recycling is determined 20 F midpoint of this interval; the black line is

by atmospheric abundances and distributions %f the 12-month running mean.
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Sample synthesis and characterization

Oriented single crystals of (MgFe,)O-ferropericlase, were synthesized at the Lawrence
Livermore National Laboratory starting from a pre-aligned crystal of MgO (normal parallel to
[110] direction) by high-temperature Fe-Mg interdiffusion in a piston cylinder press (1400 C
at 1 GPa for 200 hours). The oxygen fugacity was buffered close to the IW (Iron-WYstite)
buffer by loading the sample in an iron capsule. The resulting crystals were of excellent
optical quality, with greenish colour, lighter or darker depending upon Fe content. Using a
focused ion beam instrument (FIB), a 40 nm thick section was cut out of the recovered sample
for electron energy loss spectroscopy measurement, and no detectable amount of ferric iron
was measuredamples with total iron conteht25 at% prepared at ambient pressure close to
the IW buffer can have B&" Fe up to 2% (S1). Since high pressure is known to destabilize
Fe*, this estimation can be reasonably considered an upper limit four our samples,

synthesized at 1 GPa.



The samples were polished to 15-20n thickness (as determined by optical
interferometry in reflection spectra) and cut by fs laser to approximataelyndid diameter.

Details of sample micro-maching are reported in S2. We prodiugdFe,)O-ferropericlase
samples with different iron contents, varying in the range x=0.13 to 0.21; the exact
composition and chemical homogeneity was determined individually for each disk by electron
microprobe analysis (operating conditions at 15 kV and 10 nA).

Samples with x=0.17 (B¥ZFe <2%) were loaded for the IXS measurements in
membrane driven diamond anvil cells, equipped with rhenium gaskets and either 300 or 250
um culet diamonds, using neon as pressure transmitting medium to ensure quasi-hydrostatic
compression. Data were collected data at 1.8, 9, 26, 34, 47, 54, 62 and 70 GPa, as determined
by ruby fluorescence (see Table STypical mosaic spread (rocking curves) yielded’ 0.2
FWHM. No degradation was observed with increasing pressure up to ~35 GPa. At higher
pressures the rocking curves got larger, with a maximum broadening teWHaM at 70

GPa.

Inelastic x-ray scattering measurements

The IXS experiment was performed on beamline ID28 at the European Synchrotron
Radiation Facility, in Grenoble. We utilized the silicon (9 9 9) configuration at 17794 eV,
yielding an overall energy resolution of 3 meV full-width-half-maximum (FWHM), and the
focusing optics in Kirkpatrick-Baez configuration with a focal spot size at the sample of
30x90 pnf (horizontal x vertical, FWHM). Beamsize was further reduced by slits in the
vertical direction to 40 um to match sample dimensions. Direction and size of the momentum
transfer,q, were selected by an appropriate choice of the scattering angle and the sample
orientation in the horizontal scattering plane. The momentum resolution was typically set to

0.28 and 0.84 nn in the horizontal and vertical plane. Further details of the beamline



configuration can be found elsewhere (S3). Examples of the collected spectra are illustrated in
Figure S1.

To redundantly constrain all the elements of the elastic tensor (namely C;;, Ci, and Ca4)
we measured the low-q portion (linear part) of the phonon dispersion of four to five modes:
longitudinal acoustic (LA) along [100] and [110], transverse acoustic (TA) along [100], and
[110], both polarized <001> and polarized <-110>. Typically, two to three IXS spectra were
recorded in the low q part of the acoustic phonon branch, and the sound velocity V was
determined by a linear fit to the E(q) values with an error of 1-2% (see Figure S2), and
related to the elastic moduli via the Christoffel equation (S4). Specifically:

ViA[100] = (Cyy /1)"?

V1a[100] = (Cus / 1)"?

Via[110] = (C11+C12+2C4s / 21 )"

Vra[110]<001> = (Caa / 1)

Vr1a[100]<.110- = (C* /1) = (C11-C12 / 21)"?

Bragg angles of the [111], [002], and [220] reflections were also recorded, in order to
provide the crystal orientation matrix and a direct determination of the density for each
pressure point. This independent measurement yielded values in agreement with published
equation of state (S5).

We collected data at 1.8, 9, 26, 34, 47, 54, 62 and 70 GPa, as determined by ruby

fluorescence. Our results are summarized in Table S1.

Single crystalline elastic moduli and aggregate elastic properties
We derived the aggregate elastic properties (bulk and shear modulus, compressional and
shear sound velocities) starting from the values of the single crystalline elastic moduli C;; both

under Voigt (iso-strain) and Reuss (iso-stress) approximations (S6,S7). The two estimates,



which provide an upper (Voigt) and lower (Reuss) bound for the aggregate, differ appreciably
(more than 2%) only above 45 GPa. In our discussion we considered the arithmetical mean of
the two (Hill approximation (S8)). The obtained values for the bulk and shear modulus are
reported as a function of pressure in Figure S3 and Figure S4, together with the ultrasonic
ambient pressure determination (S9) and the values obtained by x-ray diffraction (S5) on
samples of same composition. We can observe a kink in the pressure evolution of the shear
modulus (Figure S4) as a direct consequence of the large softening, efh@e the bulk

modulus exhibits a smooth continuous behavior (Figure S3).
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Figure S1: Representative IXS spectra. The experimental data are shown together with the
best fit results (thick solid line) and the corresponding individual components (thin dotted
lines). IXS spectra are characterized by an elastic contribution centered at zero energy and
two symmetric features, the Stokes and anti-Stokes peaks of the ferropericlase acoustic

phonons.
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Figure S2: Examples of the linear fit to the initial slope of the phonon dispersion. Top:
TA[110]<110- at 47 GPa. Bottom: LA[100] at 62 GPa. The errors on velocities come from the

statistical uncertainties of the liner fit.
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Figure S3: Bulk modulus as a function of pressure. IXS results (solid squares) are compared
to ambient pressure ultrasonic determination (S9) (open diamond) and values derived from x-
ray diffraction measurements (S5) (dashed line: high-spin state; dotted line: low-spin state).

The pressure range corresponding to the spin transition zone is shaded in gray.
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Figure S4: Shear modulus as a function of pressure. Solid squares: IXS results; open
diamond: ambient pressure ultrasonic determination (S9). The pressure range corresponding

to the spin transition zone is shaded in gray.



Supporting online table

Run P ! measured modes Cu1 Ci2 Cuas coO

a 1.8 403 LA[100]; LA[110]; TA[110]<0015 27Qt7 879 1234 9146
TA[100)-110>

a 26 4528 LA[100]; LA[110]; TA[110]<cors 47919 12115 1543 179¢12
TA[100)-110>

a 47 4829 LA[100]; LA[110]; TA[110]<cors 721+12 21140 1567 255:21
TA[110]<001>

a 54 4936 LA[100]; LA[110]; TA[110lcois;, 8019 204:20 1444 30214
TA[100)-110>

a 62 5101 LA[100]; LA[110]; TA[100], 94321 254:30 168t4 34518
TA[110]<001>

a 70 5241  LA[100]: TA[100]; LA[110],  104Q:27 297+50 19Q:+10 372:28
TA[110]<001>

b 9 4183 LA[100]: TA[100]; LA[110]; 31913 91+0 127+3 1148

TA[110]<001> TA[100)<-110>
c 34 4623  LA[100]; TA[100]; LA[110]; 590+13 133t13 162+8 2299

TA[110]<001> TA[100)<-110>

Table S1:Synopsis of the obtained results. All the values are in GPa, but for the densities,

which are in Kg/ml
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