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ABSTRACT

Diffracted seismic waves bear information about the base of
the mantle and the core-mantle boundary. Digitally recorded P
phases show distinct dispersion in dependence on the
source-receiver configuration. For the source region of Fiji
Islands azimuthal variations of the frequency dependent
velocities of P, .. are observed. The comparison with modeling
results enables Eo indicate regions with different seismic
velocities and velocity gradients. For diffracted S-waves a
splitting of vertically and horizontally polarized waves is
observed depending on the path at the core-mantle boundary.
Results indicating a laterally heterogeneous structure of the
core-mantle transition region are presented.

XAPTOTPA®HIZH TOY KATQTEPOY MANAYA ME KYMATA [IEPIOAAYHI
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NEPIAMHYH

Ta nOpata mepiOiaong MepLEXOLV TMANPOPOPILEG YL TN TeEPLOXN
TOU HMATWTETOL THUAMATOG ToL Havdla xnaL To SpLo pavdbla-TuprHva.
YneLarés HATAYPAPES MUUATWV Pdiff TapovoLafovv  oxéEdaon oL
efaptdtal and tn O€on Mnyrig-geLopopeTpov. Mapatnpolbpe af L povd Lamni
HETAPOAY] Twv TayLTATwyv ToL efapTWvTal amd TNV ocLvyxvéTnTa  TWV
MOPGTWY Py Yia Oelopods Tng TMeploxnis Twv vnoiwv Fiji. H
obyHpLONn HE BOewpnTiud HOVTIEAQ pag deixver mepLox€g mouv E£xouvv
dLapopeTinég TaxVTNTEg nal OLAPOPETLHEG HETARBOAEG TWV TAXLTIHTWV
He To PBdbog. Mupatnpolpe dLaxwplopd Twv eTLTESwY TSAwONG Twv
opllSvTia nat HATAUSPLPA TOAWHEVWY HAL TeEPl BAWHEVWY S HUPNETWY TOL
efaptdtal and To Hpduo didboong ogTo dpLo pavbva-tmupnva. TElog
TaPOoLOLEOVIUL AMOTEAECUATA TOL HE( XVOUV UL A TAEVP L HE AVOUOLOYEVT
Boury oTnv mepLoxn Touv opiouv pavdbba-muprva.

INTRODUCTION

One of the most important results of seismological and global
geophysical research is the creation of spherical symmetric Earth
models. The core-mantle boundary (CMB} and the inner core
boundary (ICB) are principal features of these models. They are
influenced by the evolution of the Earth and by processes at
great depths. Recent investigations have shown that dynamic
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processes near the CMB are closely related to possible
inhomogeneous structure of the core-mantle transition (Stacey and
Loper, 1983; Knittle and Jeanloz, 1989, 1991). Therefore one of
the actual tasks of seismology is the resolution of possible
inhomogeneous structures of the Earth’s interior, especially of
core-mantle transition. Seismological studies of the CMB and the
ICB are based mostly on the analysis of reflected and refracted
waves (Lay and Helmberger, 1983; Dziewonski, 1984; Morelli and
Dziewonski, 1987; Weber and Kornig, 1992) and on free
oscillations (Kumagai et al., 1992). Alexander and Phinney
(1966), Chapman and Phinney (1972), Mula and Muller (1980), Mula
(1980) and Wysession et al. (1992) have used diffracted P- and
S-waves for studying the CMB. Although diffracted waves are
complicated for observation and analysis they have the advantage
of long paths near the CMB. Recent studies indicate a complicated
structure of the lowermost mantle (D"-layer} (see e.g. Weber and
Kornig, 1992; Wysession et al., 1992). This study is directed to
the problem of using asymptotic methods of modeling diffracted
waves for analysis of corresponding data.

METHOD

In this study theoretical modeling of diffracted waves 1is
performed by means of the so-called asymptotic boundary layer
method. The principal approach of the method includes not a
direct solution of the wave equation for interference waves
traveling along the curved interface of inhomogeneous media. A
high frequency approximation of these wave phenomena is chosen,
describing the propagation of inhomogeneous waves in a layer of
thickness of about O((2mf)%%) near the curved interface. The
solution of this approximation is extended by means of ray theory
into the whole Earth model. A detailed description of the scalar
approach is given by Babic and Buldyrev (1991). The propagation
of interference waves on a curved interface between a solid and
liquid was firstly described with the help of the asymptotic
boundary layer method by Molotkov and Krauklis (1971). Krauklis
and KXowalle (1989), Krauklis et al.(1991) and Kowalle and
Krauklis (1992) have applied this method for modeling propagation
of diffracted waves at the core of an inhomogeneous Earth model.
Doornbos (1992) has proposed to use diffraction for seismic
tomography. By means of the asymptotic boundary layer method it
will be possible to include into consideration inhomogeneous
waves with different wvelocities (P-,S-, and surface wave
velocity) propagating in the wvicinity of the inhomogeneous
core-mantle transition. The general solution is obtained in the
form

cUi=2 U/ (1, @, 0)expli2nft+ (21 )38 (e, 0) +2nfud (e, 0)), (1)

where T, a, o describe the curved coordinate system connected
with the interface, f is the frequency, UJ“, &, ¢ are functions
to be deternined. After substituting (1) into the equation of
motion and the boundary conditions, one obtaines a system of
equations for the unknown functions. The effective radius of
curvature of the interface is determined by
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Rite =-%—grad(V)/V (2)

where R is the radius of the core, v is the P-or S-velocity and
grad(v) the respective vertical velocity gradient. The amplitude
of a wave traveling along the interface is given by

= as _ y1/35 ds [ 8
U, GeXp[lZTl:ff i{nf) jmf VPN fR . ds] (3)

with G - geometrical spreading function, j_ - the m-th root of
the ABiry-equation,

9= 93(1_92)1/2 ﬂ=£ (4)

(1-2p2)2 ' v,

The integration of (3) is performed along the wave path at the
CMB. Due to the fact that velocities and gradients are functions
of coordinates, inhomogeneous models can be treated. It is
evident that the amplitude is influenced not only by geometrical
spreading but also by the last term of equation (3). This term
describes the radiation of waves into the above medium. The wave
propagation velocity is determined by the first two terms of (3).
It is obvious that the velocity will be frequency dependent. Due
to the asymptotic approach the expansion of the solution is
provided by terms of (vT/Rf” "3 and the above formulae will be
applicable only for values (VT/R,) << L.

MODELING

The principal situation at the CMB is described by solid lower
mantle and a ligquid outer core. Using the above formulae one is
able to determine the seismic velocities of the waves traveling
along the CMB. P .. is the longitudinal diffracted wave at the
Earth’s core wlth

v
it ¢ TRyl (5)
2R,

where j, is the first root of the Alry equation, and gq is a
constant determined by the expansion. Fig.1l shows the behaviour
of P ﬁ—veloc1ty for different models of D". There is found a
decrease of the velocity of diffracted P-waves with increasing
period. This dependence is strongly influenced by the vertical
velocity gradiend in the layer Jjust above the core-mantle
boundary. If there is a positive gradient, the influence will be
weaker than for a negative gradient.

The analysis of (5) shows that the P ;¢ velocity is infuenced
mainly by changes of the P-velocity and the velocity gradient in
the D"-layer. Variations of the core radius show smaller
influence (Tab. 1). These results are in agreement with those of
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Doornbos (1992). P, ..-velocity decreases with period. Positive
P-velocity gradients in the D"-layer will lower the period
dependence of the P, ..-velocity, whereas negative gradients will

produce larger influence of period.
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Fig.l. Dependence of P, .~velocity on period for models of
core-mantle transition with different vertical P-velocity
gradients in the D"-layer.

Table 1. Factors influencing the velocity of diffracted core
phases.

factor change 1n % influence on
diffracted waves (%)

velocity in D" 1 1
velocity gradient in D" 1 10
core radius L 1073

The same procedure 1s applicable to diffraction of S-waves.
Sgie—velocities are determined by the following formulae:

i
Jrp V5T yapy

v=v_[1- Yo for SH,; s, (6)
s[ q2 21T’Reff diff
0 £
Ja vsT \2/3 v, T
v=v,_[l=22 (—2t -W(—=", for SV, .., (7)
Al q3(2nR“f) ] (2wRMf) di £
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e 4(1_b2)1/2(1_C2)1/2 (8)
(1-C2)1/2+d(1—b2) 142

Constants are indicated by q, and q,. The factor j,’ represents
the first root of the second Airy- equatlon. The ratio of S- to
P-velocity in the D"-layer is denoted by b, that of S-velocity
in D" to P in the outermost core by ¢, and that of core density
to density of D" is d. From formulae (6) and (7) it is obvious
that horizontally and vertically polarized diffracted S-wave
propagate with different velocities. For every period T velocity
of SH is larger than that of SV ... The principal behaviour of
veloc1£1es of S is quite 51m1iar to that of P ... (Fig. 2).
Between SH . ang gV ¢ there is one significant difference. SH ¢
is 1nf1uenced only y properties of D", whereas A is also
affected by physical propertles of the outermost part of the
liquid core. If there exists a possibility for recording and
analysing of SH,. and SV seperately, one will be able to
investigate by means of dl%Eracted waves not only the structure
of the D"-layer but also of the outer core.

V [km/sec]
7,87
7,3
6,8"
6,3 . * ; 3
0 10 20 30 40 50 60
T [sec]

grad(Vs) [1/sec]

~— SH (0) — SV (O)
SH (-0.001) -~ SV (-0.001)

Fig.2. S velocities for models with different S-velocity
gra&&enta in D". Due to different velocities of 8V,¢¢ and
SHyp a splittting of S, . occurs.

Similar to the case of ¢ @ negative vertical gradient of v, in

the region above the dkB will cause strong decrease of ‘the

velocity of Syys-velocity with period. This dependence is much
more pronouncea for the vertically polarized S,i¢s-Phases (5V .. ).

DATA

In this study about 500 seismograms of deep earthquakes
recorded by the Global Digital Seismological Network (GDSN) were
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analyzed. Earthquakes with focal depth greater than 450 km have
been chosen to avoid interference of phases of interest,
especially S, with SKS, SKKS, and the corresponding surface
reflections. For determining the dependence of P, .-velocity on
period the seismograms have been band pass filtereé.The central
frequencies of the filters were equal to 0.25 Hz (4 sec), 0.125
Hz (8 sec), 0.0625 Hz (16 sec), 0.0417 Hz (24 sec), 0.03125 Hz
(32 sec), and 0.02083 Hz (48 sec), respectively. The
corresponding onset times of the diffracted P-waves were picked
from the filtered seismograms. The data have been grouped in
accordance with the focal region and the azimuth. Azimuth ranges
of about 20 degrees have been found optimal for this data set.
Smaller ranges would containe less data and larger ones would
smear out the chosen effect of azimuthal dependence. Fig.3 shows
the dispersion curves for different azimuth ranges for Fiji
Islands source region. The experimentaly determined dispersion
curves have been compared with theoretically computed ones. For
the computations the asymptotic boundary layer method and the
IASP91 model have been used. The velocity within the D"-layer was
determined by the intercept value of the dispersion curve with
the v-axis (T=0). The velocity gradient within D" is forced by
the slope of v{(T).For the source region of Fiji-Islands for the
azimuth of 45 deg (station pair RSON-GAC) a Pmﬁ—velocity of
13.67 km/sec in the D"-layer and a vertical velocity gradient of
zero could be determined (model 1). This represents the
CMB-structure under the Pacific ocean near the west coast of
North America.

v [km/sec]
1485—————

141

13r

12,5 - : :
0 10 20 30 40 50

T [sec]

—=— RSON - GAC—— ZOBO - BDF

model 1~ -~ model 2
Fig.3. Azimuthal variations of P dispersion for deep
earthaquakes at Fiji Islands ?azimuth 45° - RSON-GAC,

azimuth 350° - ZOBO-BDF).

For 350 deg azimuth (station pair ZOBO-GAC) a slightly positive
gradient of +0.0002 sec-1 to +0.0004 sec-1 {(model 2) fits the
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observational data. The P . _.-velocity is increased by 1.5% in
. : : ; . iff . : 3

this direction. This indicates a slightly higher vertical
P-velocity gradient within the D"-layer under Asia and southern
Siberia. By means of Pfr Wyssesion et al.(1992) have determined
an increased P-velocity in the D"-layer under the Arctic region,
under Asia, and southern Siberia. Under the Pacific ocean near
the west coast of Northern America they have found a normal v
within the D"-layer. For other source-receiver configurations

similar azimuthal dependence of the structure of D" has been
found. These results are in a good agreement with observations

of S, -splitting.

dt [sec
18 [sec] -

80 90 100 110 120 130 140 150
D [deg]

azimuth range
— 20 —— 45 ~o- 350

Fig.4. splitting of S for the source region of Fiji (dt is the
time difference between SH . and SV ...).

To find the splitting the seismograms have been transformed into
ray-centered coordinates. Then the different polarized S,
phases have been analyzed visually and also by matching. A
dependence on azimuthal source - receiver configuration for the
source regions of Fiji and South America was observed. For 45 deg
azimuth of the source region of Fiji the vertical S-velocity
gradient in the D"-layer {Pacific ocean near the west coast of
North America) is zero, for the azimuth of 20 deg of about -0.002
sec™, and for 350 deg azimuth the vertical v,-gradient is of
about ~0.0004 sec™!. The stronger negative vertical vs-gradient
indicates an anomalous structure of the core-mantle transition
(D"-layer) under the Arctic Region. FPor the azimuth direction of
45 deg the vertical P- and S-velocity gradients in the D"-layer
are similar, whereas in the 350 deg azimuth an oposite behaviour
of P- and S-velocity gradients is observed.

The observed 5,. splitting times for earthquakes in South
America show also azimuthal dependence. The D"-layer under the
southern Atlantic ocean shows a strong negative vertical
v,-gradient (azimuth 40 deg.), whereas under the Pacific ocean
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(azimuth 210 deg) the gradient is slightly positive. The analysis
of S, provided by Wyssesion et al. (1992) has shown an
increased vs under the Pacific ocean and southern Asia. For the
Arctic region a normal v_was determined. In general the coverage
of ccllected data for selected source regions as well as in the
global scale is poor. Due to the lack of good data the mapping
of the behaviour of velocities and velocity gradients within the
D"-layer seems toc be complicated. For the Pacific and Atlantic
region different behaviour of P . as well as of S,. has been
found, indicating different structure of the core-mantle
transition below these regions.

dt [sec]
14r
12}
10+
8_
6~
4F P
- |
2 ‘
0 1 L] - i - -4 ‘
80 90 100 110 120 130 140 150

D {deg]

azimuth range

—— 40 +- 10 —— 210 +- 10

Fig.5. S, splitting for earthquakes in South America.

CONCLUSIONS

The asymptotic boundary layer method allows to model the
propagation of diffracted seismic waves in an inhomogenecus model
of the core-mantle transition zone. Inhomogeneities above the
core-mantle boundary (D"-layer) are influencing the diffracted
P- and S-phases. The vertically polarized S .. phases (SV,..) are
also influenced slightly by the structure o% Ehe ocutermost core.
Observations of diffracted waves indicate inhomogeneities in the
D"-layer. From the data one concludes that whithin distinct
regions of the D"-layer there are different P- and S-velocities
as well as corresponding gradients influencing the propagation
of diffracted phases. The inhomogenecus structure of the
core-mantle transition seems to be a global feature influencing
the dynamics of the Earth (e.g. core-mantle coupling). These
results are in a good agreement with similar studies of Wysessicn
et al.(1992). A further improvement of the knowledge of
inhomogeneous CMB structures depends on the progress in
seismological observations. The number of observaticons of
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diffracted P- and S-phases should be increased, and the global
coverage of those observations should be improved.
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