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KT model [Kuster and Toksöz 1974] estimates the effective
bulk 𝐾𝐾𝑇 and shear µ𝐾𝑇 moduli as a sum of volumetric con-
tributions of the different inclusion geometries:

(𝐾𝐾𝑇 − 𝐾𝑚)
𝐾𝑚 + 43µ𝑚
𝐾𝐾𝑇 + µ𝑚

=
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𝑖=1

𝑥𝑖 (𝐾𝑖 − 𝐾𝑚)𝑃𝑚𝑖 (1)

(µ𝐾𝑇 − µ𝑚)
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𝑥𝑖 (µ𝑖 − µ𝑚)𝑄𝑚𝑖 (2)

where ζ𝑚 =
µ𝑚
6

(
9𝐾𝑚+8µ𝑚
𝐾𝑚+2µ𝑚

)
; 𝐾𝑚 and µ𝑚 are the bulk and

shear moduli of the minerals, respectively. 𝐾𝑖 and µ𝑖 are
the bulk and shear moduli of the inclusions, respectively; 𝑥𝑖
is the volume fraction of each inclusion type multiplied by
the porosity; and the coefficients 𝑃𝑚𝑖 and 𝑄𝑚𝑖 are coefficients
that include the type of inclusion shapes. For penny-shaped
cracks and spheres, these coefficients are given by [Walsh
1969; Kuster and Toksöz 1974; Berryman 1995]:

𝑃𝑚𝑖 (𝑠𝑝ℎ𝑒𝑟𝑒𝑠) =
𝐾𝑚 + 43µ𝑚
𝐾𝑖 + 43µ𝑚

(3)

𝑄𝑚𝑖 (𝑠𝑝ℎ𝑒𝑟𝑒𝑠) = µ𝑚 + ζ𝑚

µ𝑖 + ζ𝑚
(4)

𝑃𝑚𝑖 (𝑝𝑒𝑛𝑛𝑦) =
𝐾𝑚 + 43µ𝑖

𝐾𝑖 + 43µ𝑖 + παβ𝑚
(5)

𝑄𝑚𝑖 (𝑝𝑒𝑛𝑛𝑦) =

1
5
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)
(6)

where β𝑚 = µ𝑚

(
3𝐾𝑚+µ𝑚
3𝐾𝑚+4µ𝑚

)
and α is the aspect ratio of the

pennies. This model is based on isolated and idealized pore
∗Q pablo.aguilera@auckland.ac.nz

shapes by the assumption of no fluid flow between inclusions
(pores or cracks) so it can model the rock elastic properties at
high frequencies (ultrasonic). It also assumes randomly dis-
tributed, isolated and in small volumes inclusions. The inclu-
sion sizes are smaller than the wavelength. We simply calcu-
late Vp and Vp/Vs by:

𝑉𝑃 =

√︄
𝐾𝐾𝑇 + 4/3µ𝐾𝑇

ρ
(7)

𝑉𝑃/𝑉𝑆 =

√︄
𝐾𝐾𝑇

µ𝐾𝑇
+ 4
3

(8)

where ρ = (1 − φ)𝐾𝑚 + φ, 𝐾𝑖 is the bulk density and φ is the
total rock porosity.

COPYRIGHT NOTICE
© The Author(s) 2023. This article is distributed un-
der the terms of the Creative Commons Attribution 4.0
International License, which permits unrestricted use,
distribution, and reproduction in any medium, provided you
give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license, and indicate
if changes were made.

REFERENCES
Berryman, J. G. (1995). Rock Physics and Phase Relations,
chap. Mixture Theories for Rock Properties. American
Geophysical Union. doi: https://doi.org/10.1029/
RF003p0205.
Kuster, G. T. and M. N. Toksöz (1974). “Velocity and attenua-
tion of seismic waves in two-phase media: Part I. theoreti-
cal formulations”. In: Geophysics 39(5), pages 587–606. doi:
10.1190/1.1440450.
Walsh, J. B. (1969). “New analysis of attenuation in partially
melted rock”. In: Journal of Geophysical Research 74(17),
pages 4333–4337. doi: 10.1029/JB074i017p04333.

https://orcid.org/0000-0002-7735-3838
https://orcid.org/0000-0002-4502-7704
https://doi.org/10.30909/vol.06.02.283299
https://doi.org/10.30909/vol.06.02.283299
mailto:pablo.aguilera@auckland.ac.nz
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/https://doi.org/10.1029/RF003p0205
https://doi.org/https://doi.org/10.1029/RF003p0205
https://doi.org/https://doi.org/10.1029/RF003p0205
https://doi.org/https://doi.org/10.1029/RF003p0205
https://doi.org/10.1190/1.1440450
https://doi.org/10.1190/1.1440450
https://doi.org/10.1190/1.1440450
https://doi.org/10.1190/1.1440450
https://doi.org/10.1029/JB074i017p04333
https://doi.org/10.1029/JB074i017p04333
https://doi.org/10.1029/JB074i017p04333

