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Study of rock anelasticity for seismological application
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Recent experimental studies have shown that anelasticity of polycrystalline materi
als is subject to the Maxwell frequency (fm) scaling: 1/Q(fn) with fn=Ff/fm. However, the applicability of
this scaling to the seismic waves has not been guaranteed because fn in the laboratory is usually much low
er than that of the seismic waves (6 < log_10(fn) < 9). By using polycrystalline organic borneol as an ana
logue to mantle rock, we measured anelasticity up to log_ 10 fna = 8 and found that this scaling is not ful
ly applicable at log_10(fn) > 4. A closer examination showed that each of the relaxation spectra obtained
under various temperature, grain size, and chemical composition can be represented by the superposition of
a background subject to the Maxwell frequency scaling and a peak centered at log_10(fn) ~ 3. Significant

increases of the peak amplitude and width with increasing temperature, drain size, and impurity content re
sult in failure of the Maxwell frequency scaling at log_10(fn) > 4.



fm

(P f fn
£/fm
Q(f,T,d,p,C)=Q*(f/fm)

T/fm

10°

f/fm

fm

fm

100Hz

100Hz

f/fm = 10° -

100Hz

100kH

vertical
stage

4 actuator

4 displacement

Piezoelectric

laser

meter

[~ vertical motor

¥~ sample head

mirrors

top plate
brass
platens

load cells

revolving

stage

(b)

Xy

Top plate



Q=2000
a
- 10
fm
b
(a) 10° —r—
Stainless-steel spring
4 [ + rawdata +
'70 107 o corrected for At + +H7 5
++
S, s .t
§ 107 ot + E
5 ++ *
g 103L + *, % . 4
L W
X T
10|  stainless steel [Lakes, 1999]
107" 10° 10" 10°
frequency (Hz)
(tﬂ Acrylic -
§ Stw L=40mm e
e o L=65mm B oot
9 a L=90mm . 5 &
= m oo 4
g np f
L b ou : ; 2 10°
S §
o
> -
3 . . . b »
10?2 107" 10° 10! 107 =10
frequency (Hz) o
©
S
(@) § 109 20¢C
1 Hz <
5C
0%C
107
(b) 107" 10° 10" 10° 10> 10" 10° 10° 10" 10°
Normalized frequency, f/fy,
o
20 Om10 AS v0




Hz

46.4

3.1%

Jackson et

al 2002 2004

3
Y. Takei, K. Fujisawa, C. McCarthy,
2011, Experimental study of
attenuation and dispersion over a
broad frequency range: 1. The
apparatus J. Geophys. Res., 116,
B09, B09204, doi: 10.1029/
2011JB008382.
C. McCarthy, Y. Takei, T. Hiraga, 2011,
Experimental study of attenuation and
dispersion over a broad frequency
range: 2. The universal scaling of
polycrystalline materials, J. Geophys.
Res. 116, B09207, doi:10.1029/
2011JB008384.
C. McCarthy, Y. Takei, 2011,
Anelasticity and viscosity of partially
molten rock analogue: Toward seismic
detection of small quantities of melt,
Geophys. Res. Lett., 38, L18306, doi:10.
1029/2011GL048776.

5
Y. Takei, F. Karasawa, H. Yamauchi,
Experimental study of attenuation and
dispersion of a polycrystalline material
from purely elastic to viscous behavior:
towards seismological application.

Geofluid-3, O-okayama, Tokyo, Feb.
March 1, 2014.

Y. Takei, Experimental study on
anelasticity of polycrystalline material
for seismological application, CIDER
Workshop on Seismic Attenuation in
the Earth’s Mantle, Lamont-Doherty
Earth Observatory, New York, USA,
May 9-10, 2013.

Y. Takei, F. Karasawa, Experimental
study on anelasticty of polycrystallinee
material for seismological application.
AGU fall meeting, San Francisco, USA,
7th Dec. 2012.

Y. Takei, C. McCarthy, F. Karasawa,
Anelasticity of polycrystalline material
over a broad frequency range. Joint
Symposium of Misasa 2012 and
Geofluid-2, Misasa, Tottori, Japan,
19th March, 2012.

Y. Takei, C. McCarthy, Effect of partial
melting on seismic wave velocities and
attenuation, IUGG 2011, Melbourne,
Australia, 30th June, 2011.

1
Y. Takei, 2013, Elasticity, anelasticity, and
viscosity of a partially molten rock. In
Physics and Chemistry of the Deep Earth
(ed. S. Karato), pp. 66-93. John Wiley &
Sons, Ltd.

@
TAKEI Yasuko

30323653



