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Fig. 1 Schematic drawing of the Earth’s interior.
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Fig. 2 A photo of the mantle xenolith from San Carlos, USA with
peridotitic composition (left), and bulk chemical composi-
tion of pyrolitic mantle (right).

(C) 2010 The Japanese Society for Synchrotron Radiation Research



R

Brillovin #EL R U X #MREHFEESAE S R T L Z AW

= B=

=) /M=)

FE&HTI(C& T 2B RERERE

HhHLEVSIEZHE, BTV EFLEDLSICE

(B Mg/Silba o) LM TH S, Lo hkEL 2
DOEFIVARIEBEIN TS (Fig. 3), i XA B54
FETIV) 1, HEROY YV FIVIIEERNCHE TH S &
DBEZHICESE, BEBEOTTIVE, X HMERIIEG
RINKIEDOMZE « EH T I N2 DTHLHDT, B
HONTWBI D RFLLBEADOFEER D B TH 58k
Ry TIVORS b, BROBEO T FIVF—IC k- Thb
N5 EEZ BN SRR 75 & w0 B 75105k - 7
LON, WIEOHERO <V bV a R ALK & 72 5
THHD EVWIEZFHICHESWTRIBEINZLDT, BA
DHEMPS AV FSA ] BTV ELMEENTWS, L
L, T~V FVOEMFHETIVEL TRAZLTED
LHREIR L VD2 &S EIZRZITHBH SN TV,
N, BHEOHERO < FIVRBETR &bk n
[ L CdhbHDPED ENDIFFICIERY ) SDEBEZFET
BY, WEROWESCOREF ZAE FCEELER Y5
ATW5S, Zhid, RO~V FIVPWETHA5ET,

HER DS 238 U T B« TaBn2l &~ v FILsii]
DEBL, <V PVEEMEEmICHaIcHEs s v
STEEBWRL, RWETHA LD T EIE, I EH -
T~V PV EhEh BB LTSI NN D7k
B TER 2~V FIVRIR) EBL TWwWioknwd Z

Homogeneous mantle Heterogeneous mantle
(pyrolitic isochemical mantle) (chondritic composition)

upper mantle upper mantle

lower mantle lower mantle

core core

Fig. 3 Compositional models for Earth’s lower mantle

BRI LENPOTH S, 2F 0, TOREDL, HERIEA:
POBMEETIC ESB< Y FIVE TV PR ED LS 7%
SRR TH - 7o &\ D HIERO B 1% L TIER IZ 5
Wi E G525 &1l 5,

LITPEFZHICT AT EDTE I WHIBRES 2 27 3 5
7= DICIE, EBEHBRERICHY 3 58 E SR O %
FRENTHILL, HIRONT TOMBEOEH *IR2 %5
EPLBEIIE D, BFEDOXAXYEVFT VE B
(DAC) %Ry & L 2o iBrE Il O & KB e
BOBEIC LD, <IVF A HN— JUERIC 31 AEE S
S TCOFERNPTRE L 72D, HEB-CWIEICB+ A8k~ 7%
WRPFEMZZT T %, CNETIC, EELL TV —
P —In#ak DAC &t X Rl G b miRmE X
BETERAE I TN TR Y, P~y FIVOEE
HREM THH EEZONTWAS T Ry AR T
TANA A, #ERE T~V VORBEETI&ML (~
1.3 Mbar, ~2600K) 125\ T, ChET&e< FHIN
T\ dp o e le@E CRA R REBT 24 FH) ~
MR+ 57 8 O N & TOMBREROMER TV L S
FOBFRREAPK % EREIN TR, 2L C,
TR E S ICHERPOBICHY I 2REE &M (~3.6
Mbar, ~6000K) OZRAHENZEESE L TRz 2D
HLHRMICD %,

RELL 72 & D e BRI O etk % LT 4 R s EE R
S, HEREBOMME # N5 L CIEFICHEERTFETH S
— 5T, BEOHIRONTRHESE 2O+ 5k EEE
DEF T8H 7—2 2R L TN A DI, #ER
Nz a2 HEHBRHTH 5 EE 2 5N T\W5, Fig.
41203, HERPES 2K L RIOEE GREpERE, Vo,
BEUREE, Vs) B L UHBEBN N SR E 25 & Mk
K (AR, G OHEEETF VAR, COEERS
DHIER OGRS L P F T T IV ORBED 7D D b FEA
BB TH Y, RITRLTV FVRBOR B IR
T 5 EARNCIE S OB T — 2 IZ&EK W TV 5,

[

15 . 20 ‘ . . . 4x10"
PREM PREM Pre Ul
_ P wave 15 13
L10r 1s | { &
2 . ¢3
g 210 1222
» '@ G g £
g S wave &
4 = «
] 4 a H N o
s density, -
5 -1
0 000 2000 3000 4000 5000 6000 0 0 1000 2000 3000 4000 5000 6000 °
Depth (km) Depth (km)

Fig. 4 Global seismological model for Earth’s interior (PREM model). G, shear modulus.
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Fig. 5 A photo (left) and the schematic cross section (right) of dia-
mond anvil cell apparatus (DAC).
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Fig. 6 Schematic layout of the Brillouin scattering measurement
system combined with synchrotron radiation and infrared
laser heating system of BL10XU beamline at SPring-8. Red,
blue and green lines indicate the incident CO, laser, X-ray
and diode-pumped laser, respectively. Light green and pale
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Fig. 7 Whole view of the Brillouin scattering measurement system
combined with synchrotron X-ray diffraction and laser heat-
ing systems at BLIOXU of SPring-8. Green, white and red
lines indicate the schematic optical paths for Brillouin scat-
tering measurement, X-ray diffraction measurement and
laser heating system, respectively. A DAC mounted on mul-
tiaxial stage is equipped with the water-circulated cooling
system for minimizing the cell temperature during laser heat-
ing.
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Fig. 8 Brillouin spectra of BK7 at ambient condition.
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Fig. 10 Photomicrographs of the H,O in a DAC at 5.5 GPa at room
temperature (A), at melting temperature (B), at 2200 K
(C) and during Brillouin scattering measurement (D). The
sample chamber is ~100 ym in size.
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Fig. 11 Brillouin spectrum of H,0O before heating, during heating
and after quenching.
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Fig. 12 2-dimensional X-ray diffraction image of MgO at 107 GPa
(A). X-ray diffraction pattern of MgO at 128 GPa. The
wavelength of the X-ray is 0.27976 A (B). Representative
high pressure Brillouin spectrum at 107 GPa (C). Vg, shear
acoustic mode of the Brillouin shift.

v T4 VT ORI, FETOMEREEE (Vs) &
FUBER (G, AMER) OEIEEOVFERR LIEHIC
RBO—F2md OIS LT, MR 5 JUOHER O
sy (W) 3, BEOFRERT -2 RIEEID VAR
IR 7R T C LB 678 - 72 (Table 1), Zhid,
BET (5GPallh) THON/FTERT —X & T~
IWENZEMT £ THIRES 5 C L ISR T %K X A i, S

T T T T T T
8.0 E

—_— I
S

=
~
e r

> 7.2 |
= L

Q
2 L

® 68 |

> [ Experiments

] [ ® This study

L 54 O Sinogeikin & Bass, 2000 i
L [ --- Zhaetal., 2000
w Theory

A Karki et al., 1999 (300 K)
6.0 7 Karki et al., 1997 (0 K) R
1 1 1 1 L

0 20 40 60 80 100 120
Pressure (GPa)

Fig. 13 Shear acoustic wave velocities of MgO as a function of pres-
sure at 300 K (black circles). Third-order Eulerian finite
strain fit is shown in black line. Open circles and dotted line
indicate previous experimental results by Brilloin scattering
measurements (Sinogeikin and Bass, 2000; Zha et al.,
2000) . Open upward and downward-pointing triangles indi-
cate the results by computational calculations using first
principles at 0 K (Karki et al., 1997) and 300 K (Karki et
al., 1999).
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Table 1 Selected aggregate elastic properties of MgO

max P

Source (GFa) Go GPA) Gl Gamle  (GPa Remarks
Experiments
This study (3rd order) 130.9(11) 1.92(2) — 6.04(2)  9.70(5) 128 Brillouin spectroscopy
This study (4th order) 130.3(25) 1.92(11) —0.020(2)
Sinogeikin and Bass (2000) 130.2(10)  2.21(10) — 6.03(2)  9.69(2) 18 Brillouin spectroscopy
Zha et al. (2000) 130.4(17) 2.85(9) —0.084 6.06(3) 9.68(4) 55 Brillouin spectroscopy
Yoneda (1990) 131.1 2.41 — 6.05 9.70 8 Ultrasonic interferometry
Jackson and Niesler (1982) 130.9 2.53 —0.033 6.04 9.69 3 Ultrasonic interferometry
Spetzler (1970) 131.1 2.45 — 6.05 9.70 0.8  Ultrasonic interferometry
Chopelas (1996) * 130.9(5) 2.56 —0.030(10) 6.05(1) 9.70(2) 37 Flourescence spectroscopy
Theory
Karki et al. (1997) 122 2.18 —0.034 5.91 9.58 — 0K
Karki et al. (1999) 128 2.44 — 5.97 9.63 — 300 K

Numbers in parentheses are standard deviation uncertainties in the last digit (s).

*Cr3+-doped MgO was used for fluorescence sideband method.

35 T T T T T 7-6 T T T T T T T T T T
® This study
30+ W Jackson et al., 2006 - -
$ ¥ Kung et al., 2002 .
R
25 + 4 £ —
£ £
o © * ;
O 20F . ] S ]
M o
[
15 - — > 4
[
©
1oL & Zha et al., 2000 A Spetzler, 1970 1 2 5.6 e @ PREM
: V Chopelas et al., 2000 O Yoneda, 1990 w >°r ". . @ Mw (G'yg0=1.92)
O Jackson & Niesler, 2000 O Sinogeikin & Bass, 2000 ./ [} — Best Fit (X5,0.92) Mw (G'yg0=2.20)
05 L 1 L L 1 L " 1 L 1 521 — Pyrolite (Xp,=0.80) @ Pv (Murakami et al., 2007) _|
O 4 8 12 16 20 1 n 1 L 1 L 1 n 1 n | n 1 1 1 n 1 1 1 " 1
(1 OO*FeI(Fe+Mg))m°| 30 40 50 60 70O 80 90 100 110 120 130

Fig. 14 The pressure derivatives of the adiabatic shear moduli at
ambient condition (Gy) of (Mg;_y, Fe,)O plotted as a
function of iron content.
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Fig. 15 Calculated shear wave velocity profiles of ferropericlase and
perovskite as a function of pressure along the representative
mantle geotherm (Brown and Shankland, 1981), along with
the PREM lower mantle seismic model. Blue circles, (Mg,
Fe)O ferroperoclase with Xy, of 0.79; black circles, (Mg,
Fe)SiO; perovskite with Xy, of 0.94 (Murakami et al.,
2007b) ; white circles with cross, PREM. Red line indicates
the best fit profile to PREM (Xp,=0.92). The shear wave
velocity profile of simplified pyrolite model (Xp,=0.80) is
also shown as green line. The dotted line shows the profile
of ferropericlase calculated from the Gy=2.20 of MgO for
comparison.
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Fig. 16 Photomicrographs of polycrystalline MgO in a DAC before
laser heating (at 45 GPa) and during laser heating (at ~
2300K) (A). Black portion in the sample chamber indi-
cates the small Pt fragments. White bar indicates 100 ym.
Brillouin spectrum of polycrystalline MgO at 49 GPa and ~
2300K (B).
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Fig. 17 Brillouin spectra of polycrystalline B2 phase of NaCl at 33
GPa (A) and 54 GPa (B).
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In-situ sound velocity measurements at high pressure
and high temperature using Brillouin spectroscopy
with synchrotron radiation and infrared laser heating
system:Application to the deep earth science

Motohiko MURAKAMI

Department of Earth and Planetary Materials Science, Tohoku University,
Sendai 980-8578, Japan

Abstract Average composition and structure of the Earth’s deep interior can be approached by comparing
observed seismic velocities to appropriate laboratory sound velocity data collected for candidate minerals un-
der relevant pressure and temperature conditions. Simultaneous measurement of sound velocities and densi-
ties also enable us to construct a primary pressure scale, which can independently determine the pressure. Our
newly developed high-pressure and high-temperature sound velocity measurement system using Brillouin
spectroscopy with synchrotron radiation and infrared laser heating techniques has proven to be highly suitable
for establishments of Earth’s mineralogical model and the primary pressure scale.
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