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Fig.1 (a) Geometry of the hot-pressed lawsonite sampley(the scale in the background has a spacing of 0.5 mm per
division); (b) backscattered electron (BSE) image of lawsonite, where bright spots correspond to residual polishing
fragments and dark areas indicate pores; (c) Raman spectra of lawsonite in the ranges 200—-1000cm 'and 2000—
6000cm! (black) together with thelstandard spectrum (blue)!'8] ; (d) The X-ray diffraction spectrum of lawsonite
(black) andithe’corresponding reference pattern (red)!*1
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Fig.2 (a) Ultrasonic experimental assembly and schematic/paths ofiltrasonic transmission and reflections; (b)
recorded shear-wave signals from the ultrasonic experiment,(“Anvil” denotes the reflection at the interface
between the WC anvil and the Al,O5 buffer rod, “Buffer rod” denotes the reflection at the interface between the
Al,O3 buffer rod and the sample, and “Sample” dénotes the reflection at the interface between the sample and

NacCl; the inset shows the overlap of the “Buffer rod” and “Sample” signals)
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Fig.4 (a) P- and S-wave velocities of lawsonite as a function of pressure; (b).bulk and shear moduli of lawsonite as
a function of pressure (Black squares denote data obtained using;the!Cgok method, while the solid line represents
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Fig.5 Pressure dependence of P-wave velocity (a), S-wave velocity (b), and VP/ V s\ for lawsonite and other
minerals at room temperature. (Red symbols represent data from this study. Black dataspoints denote findings from
prior research. Gar: garnet!?’l; Omp: omphacite?’); Law: lawsonitel'?]l; Goe: coesite2®); Qtz: quartz[*l; Amp:
amphibole [31)
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Fig.6 Pressure dependence of P-wave velocity, S-wave velocity;-and Vp / Vs of lawsonite along different idealized
geothermal gradients (solid lines) and their gomparison'with the PREM model (dashed lines)
it — Al A IR L S B AL TIRE T, JRAT145 5 Hernandez-Uribe S5 Hi f#4
SR S LVRGEAT 70, FRAE R A R M BN A 5 J8 E A, BIR AR
IIEARHIREY Y B 7 JEoR 1 TSR BE 5 AN R i ity GRS 2 18] ) 5% 28 DA A
FEAMREE: BIh A mMR X GEGSL0) 7l H AR Gt FH
AVGR BRSO RIR AR RE, e TBRE K7 1 e 7e iU T RE IR EE YE B3, &I
AL SEZ N REAE AT AR SRR S SRR B2 DN, AR AR L (s
22D Xt Hernandez<Uribe S5\ E IF P IR ELZE, AT M N5 Nicaragua i iy
INGE R HEE ) SR AT P AR SRS FEBS), JRAE LA >R Voigt-Reuss-Hill
(VRH) HERIGe o g A7 ) 5 itk 2 ok B AW Sl &, A A 3 2 B B2 3 4 b
J AR A RS NPT PR 5O SR FH SO I3 T N R s 8 SR 12631, g T HARL T AR rh A5 iR
56 B2 AR A MRS 2L & TR S B I ) AR R &R



[/ S 7/ B R
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

4.0
Lawsonite stability
35
g 30
Qo
£
z
®
~25
20
1.5 L L 1 1 1
373 473 573 673 773 873 973 1073 1173

Temperature/K

7 Sl 5 AN [R] O by BRI A 25 55 PRI (P v 2 4 T € IR A6 XA 5 il % 7 AR ZR A (AR
MO REAVIR (FRAFD PR i e BT Y, RSB IR Y, gt 2 AT et
SR FAR R L B8 R 2R 1S
Fig.7 Schematic illustration of calculated geothermal gradiénts and thetmal states of different subduction zones.
(the blue and red shaded regions on the left and right represent the ranges of oceanic crust geotherms for NE Japan
cold subduction and SW Japan warm subduction, respectivelyl231, ' The black solid line denotes the stability field of
lawsonite®#], and the blue curve indicates the representative geothermal gradient adopted in this study[**])
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Elastic Wave Velocities of Lawsonite and Its Implications for Seismic

Velocity Anomalies in Subduction Zones

MA Junsheng!?, LIU Chuanjiang'>, WANG Duojun'?, CAI Nao!?, ZHANG Rui'?
(1. High Pressure Science Experiment Center, University of Chinese Academy of Sciences, Beijing
100049, China;

2. College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing
100049, China)

Abstract: Lawsonite is a key hydrous mineral in subducting oceanic crust, with'an/H,0, content of
up to 11.5 wt.% and volume fractions that can reach ~50 vol.%, and is stable overa'wide pressure—
temperature range. Constraining the high-pressure elastic properties ‘of-lawsonite is therefore
essential for understanding seismic velocity structures in subduction zonés and the deep-water cycle.
In this study, dense polycrystalline lawsonite was synthesized by hoet-préssing natural lawsonite
powder at 7 GPa and 1073 K for 2 hours. Ultrasonic interferometryswas then used to measure P-
and S-wave velocities of lawsonite up to 8 GPa at room temperatureyfrom which the elastic moduli
and their pressure derivatives were determined. The results'show.that both elastic wave velocities

and moduli increase with pressure, yielding K¢, =120%1) GPa, G, = 51(1) GPa, K, = 5.7(1), G

=0.9(1). Using these elastic properties, togetHer<{with previous mineral-physics results, we
constructed a lawsonite-bearing eclogite modelydwhich indicates that the presence of lawsonite can
provide a plausible explanation for the seismi€ velocity anomalies observed at depths of ~60-90 km
within intermediate-temperature subducting slabs such as Nicaragua.

Keywords: lawsonite; elasticity; subduction zone; high pressure



