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o 8 S TR S I U B A BLAR K 40~ 60 pm, JEEJEZY 10 pm B9 . 500 (Ne) B 5 LA — 48Uk iE 7824
FE S BAE FRA BT 48 342, SR )12 8 1) Ne 804 (Aw) AR TP T 52500 e b, FF S 41 2%
Jr X WLE 1. DAC 78 14 i, e 78 T p
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Compress Compress

I

Anvil (diam N Anvil (diamon
O (BEff Sa82-1, Sal04-2, Sal04-3) 3% [# Sg it Sample
JEF U (APS) 9 16IDB 25 3 (£ it Sal04-1) i  Anvil (diamond)
1o WOLINE £ 58 K DGR HOL &8 547 XU , ‘ , ‘
R, BAEYEHER 145 30 umx30 um, SCEGIR Compress leess
£ A5t 30 3oL 7 P B A A 5 X R i A IR R SEESYEN
R BLSGER A AT LA S B o XA O TR A Fig. 1 Sample configuration for high pressure experiments

T BE A3 N AT T A, S 0 R A v R PR 5~ 20 mins

T B S 36 A TR X SR A7 5 ( X-Ray Diffraction, XRD) S8 7E APS 1Y 16IDB., 13IDD £k 3k LA &
R ERSOEIR G BL1SUL ZRub #E47 . Horp 16IDB £R 3522 i X BF ki Kl 0.344 5 A, SEBER /NN
3 umx6 pum, FRIM £S5 4 Marl65CCD; 13IDB 2835123 (1) X 6% K 4 0.334 4 A, S6BE K/ K 3 pmx4 pm,
FRM 25 A Marl165CCD; BL1SU1 £k (1) X 2RI 0 0.619 9 A, JEEER/NZY N 2.5 pmxS5 pm, FEIMWZ5FH
Marl65CCD,

2 SLIGLER

21 SEJE{LXRD

AN TSI AR R AR TR B4R FEAY R AR, LA K XRD 3% FRfUI A SE = . T
JE 71 36~88 GPa [ 4 41 525, ¢ FL w5 R 5 A7 XRD 3% % T AR FL% FE A T (Ne/Au) (17 51841, i1
S A T AR O AT LA 2 M R A P 88 GPa, 2 400 K 44 A Y Sal04-1 BEdh b T
fETE 5B CaCl, BUZEHY, 72 HABRMR K 1 T A BUNRE & if 8L RE N S 20 A S50 (Wi a ) . RS
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IRH R, Sal04-1, Sa82-1 Fll Sal04-2 K5 WUAT BT, B T A5 L A7 2 4 Al Ak ik 4h, R0 H
RS 5 (bee) g5 ) 4 J@ Bk . TR 2 AR 3 43 9l iWos T HA R R 4152 56 (Sal04-1, Sal04-3) 7
e FE BRI R S T 9 XRD i, Horh Bdg A3 A BL 47 2 1, CS 1U5R CaCl, BIZ5H 11 Si0,, Stv fAFE M
E%O

R 1 FWRE Mg,y Fe, ,SiO, B A K ML~

Table 1 Experimental condition and run products of Mg, ,.Fe, ,;SiO, gel (carbon bearing)
Run products

Sample p/GPa T/K Pressure medium Pressure marker

In situ Ambient
Sal04-1 88(1) 2 400(100) Ne Ne Bdg, CS Bdg, Stv, bee-Fe
Sa82-1 43(1) 2 800(200) SiO, Au Bdg, Stv Bdg, Stv, bee-Fe
Sal04-2 42(1) 2 000(100) SiO, Au Bdg, Stv Bdg, Stv, bee-Fe
Sal04-3 35(1) 1 850(100) Ne Ne Bdg, Stv Bdg, Stv

Notes: (1) Pressures were determined by the equations of state of Ne or Au

[21]

after T quench, respectively;

(2) Run products were identified by power XRD under high pressure and ambient conditions, respectively;
(3) Bdg=bridgmanite, CS= silica with CaCl,-type structure, Stv=stishovite, bcc-Fe=metallic iron with body-centered

cubic structure.
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Fig.2 XRD patterns of Sal04-1 at 88 GPa (a) and ambient conditions (b), respectively (Bdg=bridgmanite, CS=silica with the
CaCl,—type structure, Stv=stishovite, hcp=iron with the hexagonal close-packed structure, bcc=iron with the body-centered
cubic structure. Diffraction peaks of the hep-Fe ™ were not observed in the high-pressure XRD pattern.)
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Stv FRFEHA1HE, hep Fl bee 238NI B HERREGSHIAMAL DAL T S SR Bk B IR R ek
SR IR F 5 IR A 1) XRD 3% s34 35A W #) hep-Fe 51 bee-Fe P9 114 )
Fig.3 XRD patterns of Sal04-3 at 36 GPa (a) and ambient conditions (b), respectively (Bdg=bridgmanite, CS=silica with the
CaCl,—type structure, Stv=stishovite, hcp=iron with the hexagonal close-packed structure, bcc=iron with the body-centered
cubic structure. Diffraction peaks of either hep-Fe or bee-Fe 4

22 HEHFESANEREESH

P2 WoR T SLE Y A BLA S0 Y S BT ) R R P B R B9 22 4k . 5 UNITCELL 4K
250 S 5 M S B AT, TR AT SIS R I 10~ 15 507 9106y d 1i, FILALE S S50 1K 4 43 5
J&7R T Sal04-1 F1 Sa104-3 #F it Aii BL A7 & A1 1Y il MUK FRBE 07 9 728 Ak DA K 55 SCHR B8 1Y oA, P 52
550 T AR R 9 4% TR A A0 AR

3 b A At 2 TR A5 S B XRD 7 49 21 19 MgS O, i BL A7 & A (RS O AR R0, & B e 4
el R ST A B AT B AT 2 A1 (Sal04-1) 1Y S LA R 1V BE ARV 7E MgSO, fii L7 & A RS T B ith 4k
b, W AR BRI S R A LAY A BL AT B A7 (Sal04-3) A il A BRLZE AR W ) R AR 4 3 K F M eSO, i
E%xaﬂﬁﬁif\o W Pt — 2 AR B, BT Sal04-1 K¢S A BLAF B A Y S I AR (162.46 A 5
SCHk PR S A G A LA B Y R AR (162.36 A%) PV AR H T (UL 2) , 1 Sal04-3 £f & A BLE 2
A AT (163.36 A) [k MgSO, fii HL 47 2 1 K 0.6%, REFES TR T —a s ek.

3 W i
3 ZEFESASHENGE

SCHRECHE 70 e, A LR TR N A LA 2 b Fe? i & B H et A R R AR B 2 M TE AT OK,
H T AR A LT 2 Al TR A e A BRUAG SRHE h  rh A  k

were not observed in the XRD patterns.)
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R2 TREHGTERNHEGTSOANREESHEDNEPBEENINETLK
Table 2 Pressure-dependent unit-cell lattice parameters of bridgmanite synthesized
under different pressure-temperature (p-7) conditions

Sample p/GPa alA b/A c/A VIA®?
83(1) 4.395(1) 4.624(1) 6.386(2) 129.79(4)
87(1) 4.404(1) 4.624(1) 6.391(1) 130.13(3)
Sal041 82(1) 4.417(1) 4.640(1) 6.410(1) 131.37(3)
80(1) 4.420(1) 4.646(1) 6.422(2) 131.88(5)
71(1) 4.446(1) 4.673(1) 6.470(3) 134.38(5)
Room pressure 4.778(2) 4.929(2) 6.899(3) 162.46(7)
Sag2.1 43(1) 4.557(1) 4.742(1) 6.591(1) 142.42(3)
Room pressure 4.790(1) 4.922(1) 6.898(4) 162.62(7)
Sal04.2 42(1) 4.530(1) 4.707(1) 6.641(1) 141.59(3)
Room pressure 4.779(1) 4.932(1) 6.898(1) 162.56(3)
36(1) 4.597(1) 4.773(1) 6.643(1) 145.73(3)
33(1) 4.601(1) 4.793(1) 6.653(1) 146.70(4)
Sa104.3 20(1) 4.677(1) 4.836(1) 6.758(2) 152.83(4)
17(1) 4.747(1) 4.828(1) 6.721(2) 153.72(5)
14(1) 4.701(1) 4.868(1) 6.779(1) 155.15(3)
Room pressure 4.789(1) 4.938(1) 6.908(1) 163.36(3)

Note: (1) Pressures were determined by the equations of state of Ne or Au?! after 7 quench;
(2) The data were collected along the decompression path.

164 +
1401 (€] ® (b)
m Bdg 88 GPa, 2 400 K (Sal04-1) e Bdg 36 GPa, 1 850 K (Sal04-3)
- EOS of MgSiO, Bdg ¢ 160 EOS of MgSiO; Bdg
= = 156} .
[} L (5}
g 136 2 .
2 3 1 2
o ] L
Z 134t z <
Z £ E 148 E 163} -=- R
5 132 ¢ '_; 163 #F'e'g'%'ga'grﬁ]“ S E #Fe 9% Bdg[m ® o
1ol @ 16 _MgSiO:, Bdg™ 144 _E 162 _MgSiO;l, Bdgl!
128 F Pressu;e /MPa 140 F Pressure/MPa
50 60 70 80 90 100 0 10 20 30 40 50
Pressure/GPa Pressure/GPa

B 4 FEPFCRRIRE SR R & A B4 S e FE P Y p-V K& () 7E 88 GPa, 2 400 K IRIESMAT
A Y Sal04-1 FE5h; (b)7F 36 GPa. 1 850 K i T 4514 T & 1 Sal04-3 FE5,

Fig.4 p-Vrelations on decompression of two bridgmanite samples synthesized under two different p-T conditions, respectively:
(a) sample Sal04-1 synthesized under 88 GPa and 2 400 K; (b) sample Sal04-3 synthesized under 36 GPa and 1 850 K

B S gt T SCik o (Mg, Fe)SiO, i BLAF & 41 TP 1 & 8k (X)) 5% IR E T 19 SR AR () Z 18]
O FR B Hort X =n(Fe)/[n(Fe)+n(Mg)](n F 50 , 7R E 4810l (X <38%) N X~V I HH AR 4F
B MR e . RPEILA 1SRRI LS T R V(A®) =162.4(2)+5.8903) X (WLIEl 5) o HE G AT IS A5, A HF
FEH R JITE 42 GPa VL b9 254 T & LA BL25 & (Sal04-1, Sa82-1 Fil Sal04-2) AHXT#I 4G FF it i 43 tH
TR T, R R AT A A LA 2 A (Sal04-1) & Bk i 2 1%, Sa82-1 Fil Sal04-2
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{1 5 4k 43 0 A 3(1)% F1 2(2)%; 1T 7E 36 GPa, o (Maresio. i
1850 K & I & L py A HL A & 41 19 5 Bk o 164601 o Projection of data from this study
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Fig. 5 Unit-cell volumes of (Mg,Fe)SiO, bridgmanite as a
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FeSiO; +0.5C = Si0, + Fe + 0.5CO, (1)

(1) = AT L5 A
C+0, = CO, 2
FeSiO; = Si0,+Fe +0.50, (3)

Hrf FeSiO; B (Mg,Fe)SiO; i BL 47 & 41 Hh ik e 41 4, C A4 NI 198 A7 FE, Si0, A 4 4141 4574 (M
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al?edsiQ = YXresio, (6)
ln Y= Wg(l - XFeSiO; )Z/RT (7)

Py WG R Xeesio, M FeSiO; 78 (Mg,Fe)SiO, A L4 2 A (I EE /R B, i B A 2 AW IR T
H A B BN B W, A Margules A B /R A &R 40, X B W, B Nakajima 951 38 2 52 56 4k 55045 21 19 {4
(-4.9 kJ/mol) .

*3 BREHESH

Table 3 Parameters for thermal equation of state

Material Vy/(em*mol™) K,/GPa K % q 8/K Ref.
FeSiO,(Bdg) 25.400 272 4.1 1.44 1.4 765 [47]
FeO(B1) 12.256 146.9 4.0 1.42 1.3 380 [42]
Si0,(Stv) 14.017 302 5.24 1.71 1.0 1109 [48]
Si0,(CS) 14.017 341 3.2 2.14 1.0 1109 [48]

Note: (1) Vy—volume at ambient conditions, K—bulk modulus, K;—pressure derivative of K, »,—Griineisen parameter at
ambient conditions, g—logarithmic volume derivative of the Griineisen parameter, £&-Debye temperature;
(2) K, and K; are parameters for Birch-Murnaghan equation of state, and y,, ¢, and ¢ are parameters used for
Mie-Griineisen relation.
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BARIE 155 (VT 10 GPa) T CCO 22 i Jir 5 il i) 403 J32 1 A5 1R K 25 5%, W0 Frost F1 Wood®" il 4 11y
3.5~7.7GPa, 1 198~1 923 K 4T CCO Z& w7 42 il (9 03 B2 A8 b 35 /85 T IW 2@ i (W e FE (. T
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33 WTHESEHLEEAHTEMNE R
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Effects of Carbon on (Mg,Fe)SiO; Bridgmanite under the
Lower Mantle Pressure-Temperature Conditions

MAN Lianjie'?, YUAN Hongsheng’, QIN Liping', ZHANG Li’

(1. School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026, China,
2. Center for High Pressure Science and Technology Advanced Research (HPSTAR), Beijing 100094, China)

Abstract: In this study we investigated the interaction of carbon with iron in the (Mg,Fe)SiO, bridgmanite

under the conditions corresponding to the Earth’s lower mantle (36—88 GPa, 1 850-2 800 K) using a laser-

heated diamond anvil cell. Synchrotron X-ray diffraction measurements of the run products showed that Fe**

in bridgmanite can be reduced to metallic Fe by carbon under the pressure and temperature conditions higher

than 42 GPa and 2 000 K. The coexisting metallic Fe and Fe-depleted bridgmanite in the run products

suggests that the CCO buffer produces lower oxygen fugacity than the of Fe-FeO (IW) buffer, which is

further confirmed by the thermodynamic calculation. The experimental results in this study could provide a

potential explanation for the presence of redox heterogeneities and highly reducing regions in the deep

mantle.
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