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Fig. 1 The XRD patterns of initial a-quartz powder after
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Fig. 2 The XRD patterns of high static pressure products synthesized under 4. 0 GPa, 923 K,30 min

for initial e-quartz powder pre-treated at different 7,
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Table 1 The peak positions (cm ') and their assignments of Raman spectra for pressure-induced

crystallization products of amorphous a-quartz

Lot/ () Raman vibration
a-quartz Assignment
15 25 35 40 mode
117 119 117 Coesite B,
127 129 a-Si0, E
151 152 152 Coesite A,
177 178 177 Coesite B,
206 205 206 205 206 Coesite+a-SiO, A +E
263 266 a-Si0); E
270 271 270 Coesite B,
326 326 329 Coesite A, +B,
356 356 356 356 358 Coesite+a-SiO, A+ A
394 396 a-Si0), E
426 428 427 Coesite B,
463 467 467 465 a-Si0, A,
520 522 522 Coesite B,

Note: A, +B, . A, ,E see Ref. [28-31].

bR BT A v TR A R A B Y B R 2R SR AE 4.0 GPa, 923 K30 min &R ARAER . FRATY AT
20 b RIS T R 0 R R AR B R s e . R AR T AR AR Y £ =15 h 1Y a1 BEAE
W ARAE MW TERT G B TR A S W L 7E 923 K F ¥ IR R EAF] 3.0 GPa([& 7) 5l 1T L3k 45
A B B3 B30T SR A ) B, 3 B8 MR T A A I e i R ) A T R T AN T e A
16 3.0 GPa, 923 K 1 F & MM 1 min 3] 60 min.aF 984 50 R 09 5 Ak 7 4 247 2 48 26 1 B ]
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AP (a=0.717 nm,b=1.238 nm,c=0. 717 nm,B=120°, WLIE 8), M., Z 5 & AEHL AR K B i b 34 )
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iy 8l Y (600~ 900 K, 3038 51 /8 ) A H T 7= AR i rp ML AR A . 45 50 6 AR A 3 0% TR 0 0 B2 S P 2 AR
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£2 ATHEARMAAZELN Raman BIERE (cm ') ARARTAE
0 Mirwald™'>] & B #9477 35 ) 5 e 457 B B bL 52
Table 2 Comparison of Raman peak positions (cm ') for coesite synthesized

in this paper to that of natural coesite and synthesized by Mirwald"'?!

Natural coesite synthetic coesite
Intensity
Ttaly Norway China South Africa Mirwald This work
Strong 118 118 118 117 117 117
Middle 151 150 151 151 - 151
Strong 177 177 177 177 177 177
Middle 205 204 205 205 — 205
Strong 271 270 271 271 270 270
Weak - 326 326 326 - 326
Middle 356 355 356 356 - 356
Middle 427 - 426 425 - 426
466 466 466 466 465 467
Strong 521 521 521 521 520 520

Note: The Raman peak positions for the synthesized coesite by Mirwald and the natural coesite found in

are given in Ref. [28];China® in Ref. [29].

i > ; > -

Italy'®, Norway'"! ,and South Africa"®

(a) 40X

(c) 100x (d) 100%
6 AT i A 7 A T 2 Bl O S ok T R

Fig. 6 The crossed polarized micrographs of the coesite synthesized by the method in this paper(Coesite, white colour)
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Fig. 8 The XRD patterns of products synthesized under 3. 0 GPa,923 K.and different time
of maintaining pressure and temperature

(The initial a-SiO, powder was pre-treated after £, =15 h)
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Modelling Synthesis in Laboratory of Coesite in the Earth’s Crust
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LLIU Shu-E"*,XU Da-Peng',LIU Xiao-Mei'*,SU Wen-Hui'"*,
XUE Yan-Feng',SUN Jing-Shu'**

(1. Center for Rare-Earth Solid State Physics,Jilin University ,Changchun 130023 ,China;
2. Center for the Condensed-Matter Science and Technology .
Harbin Institute of Technology ,and Key Laboratory of Condensed-Matter Science and
Technology.Heilongjiang Provincial Universities  Harbin 150001 ,China;
3. International Center for Materials Physics sAcademia Sinica yShenyang 110015,China;
4. Center for Condensed Matter and Radiation Physics sChina Center of
Advanced Science and Technology (World Laboratory) ,Beijing 100080,China)

Abstract: The factors of collision and shear stress in the coesite formation has not been considered in
the condition of high static pressure that was the base of the hypothesis of subduction-return of slab in
the Earth. After considered these factors,a laboratory method of combining the high-energy mechani-
cal ball milling ( HEMBM ) and high static pressure was suggested in this paper for modelling syn-
thesis of coesite in the Earth’s crust. A mechanical collision-induced intermediate phase of a-quartz has
been discovered. Its condition of easily crystallizing into coesite induced by high static pressure is
3.0 GPa,932 K,and << 1. 0 min. The Raman peaks for the coesite synthesized by the present method
have covered over the all information of those natural and synthesized coesite obtained before. This im-
plicated that the coesite in the Earth’s crust and subduction-return of slab maybe not come from as
deep as common accepted value because of its lower pressure 3. 0 GPa than that suggested by Jr. L .
Coes. However,according to the fact discovered in this paper that the coesite could be synthesized un-
der a condition of very short time (about 10 s) by the high static pressure after pre-treated of HEM-
BM, the intermediate phase of a-quartz could be transformed into coesite instantaneously by the inter-
action of an earthquake wave and/or stress. Therefore we suggest some other possible formation
mechanisms for coesite in the Earth’s crust and show that the coesite in the Earth’s crust could record
some information about the collision dynamics of plates and an earthquake wave.

Key words: quartz-coesite; high-energy mechanical ball milling; high static pressure; Raman spectrosco-

py;subduction-return of slab



