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Table 1 Chemical composition
of original sample
Sample

Flyer/Cu | Composition w/ (%)
E—’ Driver/Al— = Underlay/Fe Si0, 51.45
MgO 38.37

FeO 5.70

Recovery-tube/Cu | Fe, O, 1.21

CaO 1.27

T ot 0 i 52 6 2 O R A

Fig. 1 Assembly sketch for shock recovery experiment
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110 GPa Z A SN #EAT T 5 AR g s A bl WSS 6 R ot v 9 el T gy S 36000 39 A % 43 o 3k 2
FIAE & 2 AN Hugoniot 28U 48 B BT VT BC k1545 21, S286 b B JHAE i SO SR AR B M 19 Hugoni-
ot ZHILEK 2. XMW EE N 3. 06 kg/cm® B (Mg oz » Feo o) SIO; FE il o i P BE (o) FIDRE 32 HZ
(u )RR N
u, =3.76(4£0.24) +1.48(£0.07)u, @b)
F2 TWATAHER. R ER.ERKA Hugoniot S

. 2500 6
Table 2 Hugoniot parameters of sample,
flyer,driver and gasket 2000
& 1500
. ©o Co §
Material ] A Ref. 2 1000
/(g/cm?) /(km) ©
500
(Mg,Fe)SIO;  3.06 3.76 1.48 [8] 0
Cu 8.93 3. 940 1. 489 [9] 10
Al 2.70 5. 386 1. 339 [9]
A3 steel 7.87 3. 800 1.58 [10] (a) XRD pattern of original sample
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(b) XRD pattern of recovery sample at 85 GPa (¢) XRD pattern of recovery sample at 97 GPa
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Fig. 2 XRD pattern of (Mg 42 » Fey o) SiO5 sample
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Table 3 Conditions for shock recovery experiment

No. W/(km/s) 00/ (g/cm®) u,/(km/s) u,/(km/s) ps/(GPa) Tu/(K)
1 4.01 2.95 2.77 7.98 65. 21 2303
2 4.52 3.00 3.09 8. 43 78.10 3003
3 4.78 3.00 3.26 8. 66 84.71 3357
4 5.25 2.98 3.58 9.11 97.15 4106
5 5.56 3.07 3.73 9.31 106. 67 4728
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3.1 XRD &R
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0.154 69 nm 1 0. 14258 nm MU {E BT 58 14 &5 . 17 i G B ot 9 15 4 (1 80 R B3 J LA W, T 76 D5 B A ot
AR d {54 0. 234 63 nm AW LE mili [ 1 9 85 GPa 1 97 GPa B AL i i #3547 W85, %%
JUATELR, AT SeHERR T 20 i S A9 14 FT BE L [R) I AR 4 B A A9 8088 AN BEIE I B T i . I, i
— B/ IN I T 2 S FRATT A B Ry T BB T I T g o 8 ) A R o | A ) 45 6 AR Ak R A S TR 5
R 5 K ) T A W A T R N 28R T SO B R N A 55 R R 1 RS R S 1 T R K

() i R 7120 85 GPa B IR & RS 2 . d {628 0. 386 18 nm MU 5 IR A i d {8
0. 38819 nm MYUEXT N, 7E 97 GPa 1Y [RISCRE b (9 135 4 151 mh -t ] LOUE %€ 30 5 A W B2 5 3055 T DA
AR C k., X i R S 7E 85 GPa LA F1 97 GPa L b [BICRE i i XRD BR ARG £k, 30 W 25 31
A R R

BN TR S DA 1R P S 50 U0 5% 8 5 k4 9 A K R Ay R A AR 1) P T DX TRD N B FE A I IE 4 1T
VAR UE i 3 0 5k 185 i W A7 2 AT 0 il R A B Y 5 R A A
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Table 4 d values of diffraction peaks marked with numbers

d/(nm)
No.
1 2 3 4 5 6 7 8 9
0" 0.510 97 0.38819 0.32852 0.31673 0.29731 0.28733 0.27667 0.25122 0.24583
3 0.464 02 0.38618 0.327 46 0.31519 0.29312 0.28562 0.27510 0.25129 0.242 25
4 0.467 91 — 0.33139 0.316 95 0.29829 0. 28787 0.27088 0.25328 0.24371
d/(nm)
No.
10 11 12 13 14 15 16 17
0" 0.23463 0.21143 0.20248 0.17493 0.16055 — 0.146 75 —
3 — 0.21026 0.20048 0.17443 0.16104 0.15469 0.14810 0.14258
4 — 0.21087 0.20200 0.17339 0.16130 0.15542 0.14848 0.14291

Note: * Origin sample.
3.2 IRGWER

5 & ENRE S IR A3 Hr4s SR 0L IR 3, JRERAE 1200~300 cm ™' 3 Bl PN A9 3% 8] 35 32 S il ok R AT
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KA H Si— O Fl Si—O— Si 45 Pk 3l 51 A SR CHT L 600~800 em ' 22 [1] Y — FF 55 U4 Js Ll -k %
A Si—O A AR 2 5 R e . B 3 BT LS A L

(1) A wks J5 B RE il 1 2 38 2 JRL AR R o 1) i 2 28 75 187 % L 1] BE 2 fR T o S R T 6l 0 R
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Fig. 3 IR spectra pattern of (Mg, s »Feg 05)SiO;
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ST BE 58 A ISV T ] 52 B0 A P 2 A FRT Ay AN )t A 95 g 22 T 19 R 722 i 0 1) B T 2K T b i
S0 28 1 B (i) R O AT N g A S Aot R TP AN T B R A G i SR A T KR A T A A DT A E T e
ey e b A A AR AR B AT REAE . X 5 BT X (Mg, o » Feo ) SiO5 B Hugoniot J5 2 52 55
HRHTEE R —EC . BT DSORE A AY XRD AT TR 4R & 45 K A 45 440 1717 5 SR A R i 42 0T T EL vk
Hugoniot 7 2 SZ 55l i 2 I AE 40 GPa wpli e 7 DAL B i OV A 7 A8 S L8 A —— 856K 25 44, 1A
ST DURA TR ) Ao AR v AR T AT R 5 A ] BRI A 4 AL 0 30 AR AR L R LRI Y 2 5 IE 5T v e 4
TE A B R B S A W R A S5 R AR ehl B R RSl BT 2 OB O AR A 1 A S A e A
AR B HOINRRE B ZE R0 X (Mg, Fe) SiOy » i FE SZ 500 v] LI [l i 21 45 2K 5 2548, R 1, o
7SS0 A B (A L A A R AR P I [ G 3 38 A 2 X BR AT S5 A BE A DR AT R 7 A S DRk
FHE T 7 ) 280 R P A A Y 0 A A Al S S B

[e] B FATTIA Sy, AT RE T b F 0 4 F R 85 K0 435 4 & A= 110 i A ey A2 00T [l AR o 1 5 2k 5 D 0
B ity 77 A e 9 S 7 TR A R e W S N BB 5 4 (] A2 i L 3K Al W AR B b e g 38 m in 2 L e Y
S EE R RGE T IX AR, OB LHDAC S8 25 R 48 L 7 83 GPa M1 1700 K DL EARHERR &
He N Ponm B5K0"25H 3 P2, /m  Pmmn 5 P4, /nmc 580 254 1A AR 69 7T GEE L & 7 0 & S 50
JIT 58 B8 G2 O L TR T A A A [ S PR R A 5 A A AR R A, EL R T [ AR 1 T 2R 43 A iR
A B FE L Y UE AR 2R W0 VS A7 78 o TR 4 ok B b R A T A AR S L S I B A ) A0 R v Y 3 A A Ak
M T S5 H A AZ A U

4 #&

WL AE 60~110 GPa whidi JE 718 (Mg, Fe)SiO, [BIYEE i i XRD A1 IR 204, AT LLIA A - 76 S 56 Y
T BE TR 33 L AN FTRE R AR B (Mg, Fe) SiO; [ (Mg, Fe) O Fil SiO, (446 2% 43 fif AHAS , 0 K R A7 19 755 e
AH—— B ER ™ SEA JERRE 1Y . E i e D0 0 B RE B 00 5 R 25 R AT BE R AR T R AR 3 e S
e FE 0BG T B . R BT TR A TE AR R B KOV A AR e TR e e R R AR T S5 A A AR

TR P U A% B BT FE M 422 8 g L 0 S A AT 8 3 7 o o [0 5 2 6 2 e v 4R Rty s ORI By . o ok 1] i 52 2
JETE PG AU A BOR W50 BT JA WU 5 5% LRI AT 50 D3 I 3 AR 5 0 L K 1) R BT 5 53 A K 0 0 B 5 I

References:

[1] Knittle E, Jeanloz R. Synthesis and Equation of State of (Mg, Fe)SiO; Perovskite over 100 Gigapascals [J]. Sci-
ence,1987,235:668—670.

[2] Kellogg L H,Hager B H,van der Hilst R D. Compositional Stratification in the Deep Mantle [J]. Science, 1999,
283:1881—1884.

[3] Shim S H.Duffy T S,Shen G. Stability and Structure of MgSiO; to 2300-Kilometer Depth in Earth’s Mantle [J].
Science,2001,293:2437—2440.

[4] Kesson S E,Fitz Gerald J D, Shelley ] M. Mineralogy and Dynamics of a Pyrolite Lower Mantle [ J]. Nature, 1998,
393:252—255.

[5] Meade C,Mao H K, Hu J. High-Temperature Phase Transition and Dissociation of (Mg, Fe) SiO; Perovskite at
Lower Mantle Pressures [J]. Science,1995,268:1743—1745.

[6] Saxena S K,Dubrovinsky L. S,Lazor P,et al. Stability of Perovskite (MgSiO;) in the Earth’s Mantle [ J]. Science,
1996,274:1357—1359.

[7] Huo H,Gong Z Z,Jing F Q. High-Pressure State of Enstatite and Its Implication in Geophysics []]. Chinese Jour-
nal of High Pressure Physics,1999,12(2):132—138. (in Chinese)
I FEAIE AU R KO AARAS B A bR B A R (D7, R B4R . 1999, 12(2) 1 132— 138,

[8] Gong Z Z.Dai F,Zhang L,et al. Equation of State and Phase Stability of Mantle Perovskite up to 140 GPa Shock
Pressure and Its Geophysical Implications [ J]. Geophys Res Lett,2004,31:1.04614,doi:10.1029/2003GL019132.

[9] Duffy T S, Ahrens T J. Sound Velocities at High Pressure and Temperature and Their Geophysical Implications
[J].J Geophys Res,1992,97:4503—4520.

[10] Jing F Q. Introduction to Experiment Equation of State (2nd ed) [ M. Beijing: Science Press,1999. 194,356. (in Chinese)
AT LR AT G MO (M. b a0 B W AL 1999, 194,356,
[11] Anderson O L.Masuda K,Isaak D G. Limits on the Value of 7 and ¥ for MgSiO; Perovskite [ J]. Phys Earth Plan-



I
o
N

176 B Eiid %18 %

g

et Inter,1996,98:31—46.

[12] Liu L G. Silicate Perovskite Form Phases Transformation of Pyrobe-Garnet at High Pressures and Temperatures
[J]. Geophys Res Lett,1974,1:277—280.

[13] Tto E,Matsui Y. Synthesis and Crystal-Chemical Characterization of MgSiO; Perovskite [J]. Earth Planet Sci Lett,
1978,38:443—450.

[14] McQueen R C,Marsh S P,Fritz ] N. Hugoniot Equation of State of Twelve Rocks [J]. ] Geophys Res,1967,72:
4999—5036.

[15] Watt J R,Ahrens T J. Shock Wave Equation of State of Enstatite [J]. ] Geophys Res,1986,91(B7):7495—7503.

[16] DeCarli P S,Milton D J. Stishovite: Synthesis by Shock Wave [J]. Science,1965,147 ;144 —145.

[17] Chen J,Weidner D J, Vaughan T. The Srength of (Mg, o ,Fe, ;) SiO; Perovskite at High Pressure and Temperature
[J]. Nature,2002,419:824—826.

[18] Jackson I, Ahrens T. Shock Wave Compression of Single-Crystal Forsterite [ J]. ] Geophys Res,1979,84(B6) :3039
— 3048,

[19] Fiquet G,Dewaele, Andrault D, et al. Thermoelastic Properties and Crystal Structure of MgSiQ; Perovskite at Low-
er Mantle Pressure and Temperature Conditions [ J]. Geophys Res Lett,2000,27:21— 24,

[20] Gong Z Z,Xie H S,Jing F Q.et al. High-Pressure Sound Velocity of Perovskite-Enstatite and Possible Composition
of Earth’s Lower Mantle [J]. Chinese Phys Lett,1999,19(9):695—697.

Stability of (Mg, Fe)SiO;-Perovskite at Lower Mantle Pressure
and Temperature Conditions

ZHANG Li',GONG Zi-Zheng' ,LIU Hong'* ,DENG Li-Wei'
XUE Xue-Dong',JING Fu-Qian'**

(1. Institute of Physics ,Southwest Jiaotong University ,Chengdu 610031,China;
2. Department of Physics ,Liaoning University ,Shenyang 110036 ,China;
3. Laboratory for Shock Wave and Detonation Physics Research ,
Institute o f Fluid Physics \CAEP ,Mianyang 621900,China)

Abstract: Shock recovery experiments of (Mg, o, » Fey 05 ) SiO; enstatite were conducted at pressure
range from 60 to 110 GPa (the corresponding temperature is estimated as 2 300~4 800 K). X-ray dif-
fraction (XRD) and infrared absorption spectra (IR) of the recovered samples indicate that: (1) The
main phase of recovered samples is single-chain structure enstatite, not the perovskite structure; (2)
There is no evidence for the existence of oxides SiQ, and (Mg, 4; s Fe; 0s) O in the recovered samples;
(3) After shock compression,some peaks different from original sample were found and these differ-
ences are getting more obvious with the increasing of pressure; (4) No obviously different peaks were
found between the recovered samples below 85 GPa and those above 97 GPa,from the comparison of
XRD and IR spectra among these samples. Combined with the former analysis of experiments of
Hugoniot equation of state of enstatite, it was considered that enstatite transformed into perovskite
structure under shock compression. The microanalysis requires retrogressive transformation of
shocked samples during the process of pressure release. Especially, there is no possibility for the chem-
ical decomposition reaction of (Mg, ¢, »Fe, 05)SiO5 to oxides SiO, and (Mg, g, » Fe, 05 ) O occurring un-
der shock compression,so the high-pressure phase of enstatite— perovskite structure remains stable at
the experimental conditions. Meanwhile, we attribute the spectra difference between original sample
and recovered samples to a crystal distortion under shock compression or release process and the load-
ing process more probably resulted in such distortion. The results of this investigation provide basic
physical evidence for the minerals composition model and the interpretation of seismic wave data for
the lower mantle.

Key words: enstatite;shock recovery; XRD and IR microanalysis;stability of (Mg,Fe)SiO;-perovskite;

lower mantle



