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Constraints on anisotropic parameters in transversely isotropic media

and the extensions to orthorhombic media

LI Lei, HAO Chong-Tao
State Key Laboratory of Earthquake Dynamics . Institute of Geology s China Earthquake Administration
Beijing 100029, China

Abstract The presence of anisotropy in earth materials has been widely accepted. Due to its high
symmetry and relative simplicity in mathematical formulae, transversely isotropic (TI) medium
has become one of the most important anisotropic media in seismology. In theoretical and
practical studies, anisotropic parameters expressed in terms of elastic constants proposed by
Thomsen in 1986 are widely adopted. Values of elastic constants and Thomsen's anisotropic
parameters cannot be chosen freely. There are some constraints among those parameters.

Unfortunately, such constraints were ignored by some authors. Sometimes improper parameters

EEWME EEKARPFEES (10874028, 41174045) F v [ 1 72 Jay b JFU B 58 BT B ARl 45 % T (IGCEAL105) B¢ Hly.
EEEN & . F 1984 4 BV EBETT 01 322 S Hb AR I A i S R 3 R B FBO 7 TG A B 5. E-mail: lileipku00@ gmail. com



1

2820 Hi Bk ¥ PR 2% i (Chinese J. Geophys.)

=

54 %

were selected and consequently physically meaningless and misleading results were generated. In
this study, we proposed a set of simple inequalities for constraining the values of Thomsen's

anisotropic parameters. The inequalities, given by 1/4<Cf=1—8"/ay’<<1, e>—f/2, 1/2f—1
<0<<2(1l/f—1), and —1/2<y<<(1+2¢)/4(1— f)—1/2, were developed based upon the
stability condition of material as well as theoretical and experimental investigations on anisotropic
parameters. It was shown that ¢, § and y can be either positive or negative, and their ranges are
mainly constrained by P-to-S velocity ratio 8,/av; 0, ¥ and B /ar are bounded, while ¢ has no
upper limit; y and e are positively correlated, and the upper limit of y is related to e; the links
between ¢ and §, and between ¥ and § are weak. It was also proved in this paper that the
inequalities about five independent elastic constants of TI media derived from the stability
condition are sufficient to guarantee that all the phase velocities of three body waves are non-
negative. Constraints for some special TI media and physical phenomena were reviewed. For
elliptical anisotropy, e equals to § and thus 1/2f—1<(e<{2(1/f—1). For equivalent TT medium

arising from periodic isotropic thin layers, we have e=max(0, §) and y=0. For some directions
called longitudinal directions, at which phase velocity of P waves reaches an extremum, the

direction of P polarization is coincident with wavenormal and ray direction. The sufficient and

necessary condition for the presence of longitudinal direction is given by &/8, <<1/2, where ¢, =
(Cy;+2Cs; —Cy3) /Cyy is the linear definition of Thomsen's ¢ and C; elastic constants. For the

presence of SV triplications, the inequality § —¢/f > (1 — f)/2 is the condition for basal

triplication, and §—e>(1— f)/2 for axial triplication, (¢ —¢&)/(1+8)>2(1— f)/3 for oblique
triplication. The inequality for oblique triplication is simplified from the inequality proposed by
Thomsen and Dellinger (2003).
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Fig. 1 Maps of laboratorial estimated anisotropic parameters for verification

of inequalities (13) proposed in this paper
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Fig. 3 Patterns of P-wave phase velocity curve in a TT medium
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