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Compressibility and electronic structure of natural siderite under high pressure
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Abstract: In situ synchrotron radiation X-ray diffraction (XRD) and X-ray absorption near edge structure
(XANES) measurements were employed to investigate the compressibility and the electronic structure of natural
siderite in diamond anvil cells (DACs). No phase transition occurs up to 50.2 GPa at room temperature but a
pressure-induced structure evolution from the calcite-type to the NaCl-type can be observed. The axial compres-
sion is anisotropic with c-axis more compressible than a-axis. Fe?" undergoes spin state transition (HS—LS) at
44.6~47.1 GPa with volume collapse 8% . Fitting to the Brich-Murnaghan equation of state yields bulk modu-
lus Ky =112(5) GPa and its pressure derivative K{j =4.6(3). XANES measurement was used for the first
time to investigate the electronic structure of Fe** in siderite. The result implies that no major changes take
place in the coordination and the local symmetry of Fe** until 37.3 GPa; thereafter the HS—LS transition oc-
curs and the LS Fe?" has lower splitting energy and higher probability of electronic transition.
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Fig. 1 X-ray diffraction patterns of siderite under different

pressures
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Table 1 Cell parameters of siderite as a function of pressure

JEJ1/GPa al/A /A V/A3

0.000 1 4.690(1) 15.331(2) 292.1(1>
5.2 4.651(1) 14.958(2) 280.3(1)
9.1 4.621(1) 14.690(2) 271.7C1D
10.8 4.610(1> 14.646(2) 269.6(1)
12.7 4.597(1> 14.594(2) 267.2(1)
15.5 4.589(1) 14.452(2) 263.6(1)
17.7 4.578(1) 14.324(2) 260.1C1)
20.3 4.567(1) 14.158(2) 255.8(1)
21.9 4.561(1) 14.107(2) 254.2(1)
23.5 4.555(1) 14.034(2) 252.2(1)
27.0 4.545(1) 13.878(2) 248.3(1)
28.7 4.537(1> 13.805(2) 246.2(1)
31.5 4.529(1) 13.727(2) 243.9(1)
33.7 4.523C1> 13.603(2) 241.1(1)
36.1 4.515(1> 13.528(2) 238.9(1)
38.1 4.510(1> 13.461(2) 237.2(1)
39.5 4.508(1) 13.409(2) 236.001)
41.8 4.505(1> 13.348(2) 234.6(1)
44.6 4.501C1 13.262(2) 232.8(1)
47.1 4.395(1) 12.875(2) 215.4C1
48.4 4.391(1) 12.808(2> 213.8(1)
50.2 4.386(1) 12.784(2) 213.0C1)

0.0001" 4.672(1) 15.328(2) 289.8(1)
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Fig. 2 The volume of siderite as a function of pressure

GPa I, AR A48, SURI 6/ 8% » X2 Hh 132
R Fe? T R AL R AR SRS 1, W] UE
PRI BARR MR . AELFeOg 1\ I 1K 37 1, Fe?
(¥ 3d fe s 2B AE AU = M o BB Cd,,
dy, A1 d, ) A AE B L ) R e, HUIE (2 N



%2 R

1o s AR SEBRAT 10 s 2 PR AT L 1 S AT T

279

B —2)0 Fe2* (3d0) WL 43 A1 52 it 1A 37 43 4 ik L A4S
SR AR U 5 () A R A R 8 R R R T A
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Table 2 Elastic modulus parameter; spin state transition pressure and volume difference of siderite

Ko/GPa K, »/GPa AT R/ AV MIUREWIRES 225 3R
112(2) 5.2(2) ~42 9.2(5)% XRD Liu Z(2015)
105(9) 5.2(6) ~52 8% XRD Farfan 2£(2012)
110(6) 4.6(2) 44~45 10% XRD Lavina 2£(2010)
117¢CD 4 fixed) 44~45 10% XRD Lavina Z5£(2010)
120(3) 4.3(3) 47~50 6.5% XRD Nagai Z£(2010)
117¢1) 4(fixed) — — XRD Zhang %(1998)
— — ~43 — RS Spivak %£(2014)
— — 46~56 — XES Mattila 25£(2007)
114 3.99 15~28 10% Cal. Shi 25£(2008)
— — 40~ 50 10.5% Cal. WAL EE(2012)
112(5) 4.6(3) 44.6~47.1 8% XRD AR

WA T7 7% XRD—X HEATH ;s RS—H =260 XES—X P LA M H6ilhid; Cal. —2 MR8,

Kl 3 RS B RS H o A e Bl R DT84k
k. HMRMBLIEEL, & T 44.6 GPa I, o il
e IR A E SRR . 220 E o BRI By
) b R 46 A7 AR B I i e e MR R TR 2
44.6 GPa>a BH4ART 4.1% » ¢ HIAEHRL 13.8%» B ¢ Bl
J7 ) B R AR o Bl 3 f% . X A EE AT
SEMYGE ). ZEERT R T U7 iR R B, 3L 45 K
PERILCO; 2~ = MIE AT T ab i R)ZHEY, 75 ¢ Bl
J7 1) A 258 5 I 4 L FeOg 1\ A4, KT ab 101
RGP T N T ¢ BT . IX BB, ZEER RN
PR AR AEAR KRR B F IR T-L FeOg 1)\ I A 1) 15 4
TX At v s 46 5 ) S R A 7 A 0 A R TR B PR 2R )
AEH % (Redfern and Angel, 1999; Fiquet ez
al.» 2002; Santilldn and Williams, 2004; Ono, 2007;
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Fig. 3 Compression of siderite in a-axis and c-axis directions
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Lin et al.» 20125 Gao et al.> 2014).
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Fig. 5 Fe K-edge XANES spectra of siderite under
different pressures and the corresponding first derivative

spectra in insert

7200 eV, BLHA T A5 AT S5 PR 73 o e AT
DL, FEHILH R S Fe 19 K 1 XANES AT LAY B Hb 9
S5 4k, 23 AVBLC D-E Fok. kK
B WA 0T e WSO A B 1 v R e 1) I
B, HFAMANESE . A KT 37.3 GPa ), Fe [
K i1 XANES 1268 4 22 AIAN K I 5 4 28 I s, 3
MITERAS KA B WA AL, A B g B H I, I 38 4k
W (0 LT S5 R TT R AL

XANES M4 7 451 2 N = B 1 B3R IT B4 2 R
JECTHG B AL R LI T B, R d i
TAAE R A D O B S S T AL B8P R A
X3 TR, A7 T°7 109 eV 1716 A
S F?T 1 1s 71 3d HE TR~ 2E 1 (Kimura
et al.» 2002; Yang et al.» 2007, HE 5 45 BT
M, 1s 2 3d FIERE — AT, (B2 T O 1 2p
Yj Fe It 3d FUELE S0 I KL T 244K, Fe 11 3d #Uid
THT p HUBMME, L 1s BT IRKILR A L
PIT 2 Fe 1 3d A1 O 1 2p Mk BiE . imree
(A7 BT Fe AL, i FEa B2 0 1 Fe? *
JE T BCAE ) LT R A AR KR R e AT AR XS FR
HH s Clnt DY T AR TCAE T N 32 i A ol A s M Kb A
SRR A Oy Cln T AR A O, ) B, 3 I e 58 5 5 A
(Gautam et al . » 200900 AR V¢ SE 56 IR 320 117 B 1) oty
ER 559, 5 Ft A8 b4 kA & — 2, JF A
[FeO, 1)\ T A B W AL . B A5 & )38 Wi At = &2



52 R

i s AR ZEBRAT 10 s 2 PR AT L 1 S5 AT T 281

37.3 GPa N, U HT e A ()98 BETF 46 38 I, X 02 R
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HH I A 2 S 184, B B i . SRR IR W
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25 5 7 A ) W RS i ) L ) R IRl i o Al i 5
B I B H 1s T 4p TR MERE AR
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SR, U B IR R ARk SS s = T4 10 GPa I, 1§ C
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Ll C ARTFANT] 4335 [, 767 120 eV BT H I —
AN B, JEH 1s—4s T ERIE AW (Berry et
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XANES MK 25 B Wow, 2280 Fe? 1) i1
SRR TT R T 37.3 GPa, X i XRD i€ (1))
(44.6 ~47.1 GPa) UL K HT N w78 45 3 (40 ~ 52
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GPa I JJu R W, 2580 kA2 17 A e i AR AT Dy, B
Fe*' 3d M1 HH & H HE A (HS) 848 K B e &
(LS, JFAE bt R R T 35 89% o i ik #A & = B Birch-
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