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Fig. 2 Surface morphology of starting pyrite sample: scanning electron microscope image (a); backscattered
electron scanning image (b); energy dispersive spectroscopy mapping of Fe (¢) and S (d)
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Table 1 Chemical composition of natural pyrite sample

Mass fraction/%
No.
FeS, Others
1 98.63 1.37
2 98.52 1.48
3 98.35 1.65
Average 98.50 1.50

1.2 A E LG
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R R, (Eb i 2 W SR N B p B = BE AR ST 09 po 2 il P e A i B KA A 15 [l
NG 2T Y S 1 s a1 I 51 9% R s R 8 = B o e /s e A B S S N A = YT I 1B R Ll 4
TINAR VA B 22 OCHE il 10 1A BE S 555 v o o 28, S ZORE iy AL BT e o TR 0 R W T o RIS 1 i A R ) o it

030101-3



4539 % S NS ohi T BT BT S HO MR R BRI A5 ) 534

W B35 R JE AT, 4 S — B [ R A% % 4 D, A DR A 9 F A R S EORE P Y R
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JIVRAS o PR, R0 S 4 2 2 R A RO TR DA R DA L 6O FIRE i 9 Hugoniot 28 OB
BE/NT 1.5%) , 38 2k BHAT UG Be ik w1153 45 S0 RE 5 R i i (i e 0, k2 v, pg WE BB, C, Fl
A} Hugoniot &S 8. whili I 1 YOI RE &5 B9 whas T 7 p, LA BRE i N Be & B (B TR g p L3 3,
Horprow Sy Cr s R . JRIEAT T 2 & opl MDCSCES, Ta R A A EE T R R 0.79 km/s(S1 325, — 2%
BAMEIRS), Cu € B B B N 2.20 km/s(S2 SE56, GRS MUK SN ), XiF Ry B i P R 0 {1 o
F143 %1k 19.7 1 54.7 GPa.

Time

(b)

Pyrite

Polycarbonate

Flyer Copper container

o T Distance
Impact interface
3 v U SEE: (a) SEER BRI, (b) WiV I R 18
Fig.3 Experimental design for shock recovery experiments: (a) schematic diagram of
the experimental setup; (b) schematic of wave interaction

#F2 SLIMM. XF X234 Hugoniot 3P4

Table 2 Hugoniot parameters of the sample, flyer, and container used in the experiments"> *'~*!

Material py/(g-em™) C/(km's™) 1

FeS, /! 5.011 5.478 1.401
Cul** 8.939(5) 3.933(4) 1.500(25)
Tal* 16.680(4) 3.293(5) 1.307(25)

®3 OPEHEKSEE KRG

Table 3 Conditions for shock recovery experiments

Shot No. Flyer Sample container w/(km-s™) pol(g-em™) p,/GPa p/GPa
S1 Ta Cu 0.793(4) 4.989 163 19.7(3)
2 Cu Cu 2.197(11) 5.010 453 54.7(9)

it S8 S8 I, R A RE i 0 IR R AT T MR PIL PR (DB VIO i, B2 [l Se 3 28 5 o
el I o R A FH U BRRE it o R 8 [T WSO it e ok 4 3 A e 20 T B A A, Ao X R AT S CH
A PR Ultima VAL, Cu #8, UK 40 kV, HLUR 30 mA) X i o J A b i AH 2 LA 7 a0 M o e b, fei
[7] 25 £ 73 A7 AL (7 [ ) 3t STAA49FS ) X8 40) A it A0 [l WACARE ot B A7 PR R e A, o — 20 4R 5 ol o 28 x
TR PR PE A i BRI . )R, SR A SEM X [ SCRE & B RO SR AT T PRANLEE, 40 M 35 4k
A R R R R A T A TSN, A W BT Y el B AT R
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L
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WO i AT 559 06 5 00 U v R T RE O o R — B R J l ‘
b4 BT f67 37 00 37 S5 0, 6 O e ) T ek AL J

Relative intensity

B RAFRAE R B SRR . SR, 4 i e
RE BN ZE 2.20 km/s B, XN RE R A2 59 o R Pyite | | | | Ll
J1iK 5] 54.7 GPa, M WHE M) XRD i% 5 19.7 GPa 20 3I0 4I0 5I() 6I() 70
WIS S AH P A A2 T B AR A . AR s ke 26/(%)

17 55 06 1 o B IR AT e, {H EL 3= 35 S AH AR SRR AE, B4 WG B A b [TSORE i 1 XGPS i
FHA T TE 54.7 GPa »hil & FARAE R EAETE Fig. 4 X-ray diffraction patterns of the starting
. A 30°~ 60° T 0 FR AT 0 7 A pyrite and postshock samples
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BT Fe f1 S JLR AL G M 400 +2 o fi—1 4 . BSR WL B0 h Fe MOAL G M 5 KR AE 43
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22 WA
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AT TIROIE S . 8 5(a) B78 T 19.7 GPa i JE T MIICHE 5 9 SEM IR, 52Kk 32 o i i) R
ai (1 2(a)) AH EE, [T WSCRE o JB0RE 3% T85O - 88, o W 8 L, (S0 JR o DX il B 1 i/ S, SR WD 7
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XRD 73 Hréfi R —50 RRIB S5 RAE#E B BT 1 nh iy 5230 P A5 ) TIESE . Mang 55 75 8 GPa i
i ) T LR B B BB (R I T R R AL, IR AETE 20 GPa i R T MR SR B B R £, (B
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19.7 GPa 1 um

&5 ek [MTUSCRE AL Y44 SEM IR
Fig. 5 SEM images of the post-shock samples
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T, T 8T T8 KU FLAIR Al N B8 TOME SRR
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PRFAIE 53 BT 2 0 5 [ WSORE i rh 55 A W0 B R ol O A ) S B . AR IR SR X 0 R BB DA S b S g T
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i FE S5 06 5% 25 AR VR R B AR Y, 2R B oo O A 5 LR Bk 43 A, 5 XRD Fil SEM A 43 B 45 2 —
B, BRI, Y rhids 48 K 54.7 GPa B, [IJCRE i A9 2% B2 R (Am,) b 38 PR AR 15.55%, & B #4076 o
i e T & &R TR Sr 73, TGA F1 DSC 23 #rift — L e 1% 458 . whili )5 FES Y DTG 2k B 7R
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Eo 1 1
< [ 23 3 3
< w2 S5t i :
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8 2 0 | 1 1 1 1 n
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= 85 ; < Am;=15.55% 0 "(c) ; !
¢ —— 0GPa ‘ ‘ 39 ; :
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300 450 600 750 900 1050 1200 300 450 600 750 900 1050
T/IK T/IK

6 wran A SRS I ERR A BT 28 2R (a) PREAMHT . (b) RTINS0 11 (o) 2R 43 e AR
Fig. 6 Results of thermal characterization of starting pyrite and post-shock samples: (a) thermogravimetric analysis,
(b) derivative thermogravimetric and (c) differential scanning calorimetry analysises
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Shock-Induced Desulfurization of Natural Pyrite and Its Implications
for the Early Earth’s Environment

WU Jie', GAN Bo'?, SONG Wenhao', TANG Canlian', ZHANG Youjun'?

(1. Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610065, Sichuan, China;
2. State Key Laboratory of Intelligent Construction and Healthy Operation and Maintenance
of Deep Underground Engineering, Chengdu 610065, Sichuan, China)

Abstract: Meteorite impact events are considered as important influences on the composition of Earth’s
early atmosphere, with substantial implications for biological evolution. The physicochemical behavior of
sulfur-bearing minerals during such natural impact events is crucial for understanding the role of sulfur in the
evolution of Earth’s ocean-atmosphere system. Here, we conducted shock recovery experiments on natural
pyrite (FeS,) under shock pressures of approximately 20 and 55 GPa to investigate its decomposition
characteristics under high-velocity impact. The experimental results indicate that pyrite undergoes partially
decomposition into pyrrhotite and sulfur at the shock pressure of about 55 GPa, revealing its thermodynamic
instability and the release of sulfur vapor. Our results suggest that the desulfurization of pyrite during
meteorite impacts may contribute to the release of sulfur gases into oceanic and atmospheric systems. Such
environmental changes may be linked to the Permian-Triassic mass extinction event approximately 250 million
years ago, providing important insights into the biological crises of that era.

Keywords: pyrite; shock recovery; sulfur degassing; ocean-atmosphere; bio-extinction

030101-13


https://doi.org/10.1073/pnas.0404472101
https://doi.org/10.1130/G34875.1
https://doi.org/10.1016/j.chemgeo.2024.121936
https://doi.org/10.1038/s41561-020-00646-4

	1 材料和方法
	1.1 实验样品
	1.2 冲击回收实验

	2 实验结果
	2.1 物相分析
	2.2 微观形貌分析
	2.3 热特征分析

	3 讨论及应用
	4 结　论
	参考文献

