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urement. Both approaches show essentially the same pattern of P/SV excitation, namely that models
with topography consistently produce the strongest P-SV conversion among all types of crustal models.
The introduction of interfaces (e g., dipping layers) alone does not by itself increase SV excitation with
the required slowness range. Thus mb(P) - mb(Lg) appears to be smaller for models with topographic
relief (e.g., the Novaya Zemlya Island) than for models with dipping layers or folded sedimentary
rocks (e.g., Shagan River, eastern EKTS).

These synthetic results are consistent with observations for Novaya Zemlya (Nuttli, 1988) and
Shagan River (Nuttli,1986), based on WWSSN film chip readings of Lg. The Novaya Zemlya, which
has rough topography, has a higher Lg relative to P ( mb(P) - mb(Lg) = 0.04 ) than does the somewhat
flatter Shagan River test site ( mdP) - mb(Lg) - 0.27 ). However, Nuttli _1_7,, a!z obtai.-.! :,:!
tively low mb(Lg) for the Degelen Test Site, which is only 70 km away from Shagan River. If this
Degelen-Shagan River bias is real, it is not explained by the FD results obtained to date. However,
some recently archived high-quality digital seismograms recorded at the Chinese Digital Seismic Net-
work indicate more Lg excitation (with respect to P) at Degelen than at Shagan River, which is con-
sistent with our numerical results.
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INVESTIGATION OF EXPLOSION GENERATED SV Lg WAVES IN 2-D
HIETEROGENEOUS CRUSTAL MODELS BY FINITE-DIFFERENCE METIOI)

SUMMARY

A linear finite-difference (FD) method was used to compare the excitation of far-field t'-

and SV-waves generated by shallow dilatational sources in a suite of heterogeneous 2-D crustal

models. The crustal models tested included simple layered structures, media with random velo-

city perturbations having Gaussian or self-similar autocorrelation funictions, media with rr)ugh

or gentle topography generated by Markov chains, and lamin-tel media with sinusoidal folds.

The numerical experiments were conducted by directing a broadband planar P- or SV-wave

with appropriate incidence angle upon the testing models. The dilatational strain history at a

shallow linear array of grid points was then recorded so that the far-field P- or SV(Lg)-wtves

fiom shallow dilatational sources could be inferred by use of the principle of reciprocity. The

rat,, FD synthetics were deconvolved so as to represent the response due to explosion sources

with a fixed yield. The mean peak amplitude of the synthetics for each model are compared to

that for a reference model consisting of a simple layered medium. The average energy content

in an appropriate signal window was measured as a complement to the amplitude measurement.

Both approaches show essentially the same pattern of P/SV excitation, namely that models with

topography consistently produce the strongest P-SV conversion among all types of crustal

models. The introduction of interfaces (e-g., dipping layers) alone does not by itself increase

SV excitation with the required slowness range. Thus ,nb(P) - rmb(fg) appears to be smaller for

models with topographic relief (e.g , the Novaya Zemlya Island) than for models with dipping

layers or folded sedimentary rocks (eg , Shagan River, eastern [-KFS).

These synthetic results are consistent with observations for Novaya Zemlya (Nuttli, 1988)

and Shagan River (Nuttli,1986), based on WWSSN film chip readings of l.g. The Novaya

Zemlya, which has rough topography, has a higher Lg relative to P ( mh(P) - mP,(Lg) = 0.04 )

Scientific Report #2 iii February 1988
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than does the somewhat flatter Shagan River test site ( mb(P) - Mb(Lg) = 0.27 ). However,

Nuttli (1987) also obtained relatively low Mr(Lg) for the Degelen Test Site, which is only 70

km away from Shagan River. If this Degelen-Shagan River bias iI real, it is not explained by

the FD results obtained to date. However, some recently archived high-quality digital seismo-

grams recorded at the Chinese Digital Seismic Network indicate more Lg excitation (with

respect to P) at Degelen than at Shagan River, which is consistent with the numerical rest Jis.

,Scientific Report #2 iv February 1988

lient



AFGL-TR-88-0025 Fl) Simulations (if P-SV(lg) CoPling TGAL-88-0I

TABLE (11 CONTENTS

Page

SUMMARY i

1. INTRODUCTION

2. FINITE-DIFFERENCE CALCULATIONS3

3. DISCUSSIONS AND COjNCUIJSIO)NS

4. REFERENCES I

5. GENERAL REFERENCES 1

6. FIGURE CAPTIONS

DISTRIBUTION LIST

Scientific Report #2 ( Iraln FcIbriiair 1 9S



AFGL-TR-88-0025 FD) Simulations or P-SV(Lg) Coupling TGAL-88-01

(TIlS PAGE LNIENTIONALLY LEFT BLANK)

Scientific Report #2 vi Februairy 19XX



AFGL-TR-88-0025 FD Simulations of P-SV(ILg) Coupling TGAL-88-01

INTR()DUCTION

The seismic Lg wave is one of a number of regional phases that propagate in the con-

tinental lithosphere. Because the anelastic attenuation of 1-s period Lg wave is small in shield

and geologically old stable regions, Lg wave amplitudes provide a useful tool for estimating

1-s period magnitude, such as rnb for small earthquakes and explosions (Nuttli, 1973). Further-

more, the radiation of Lg is more isotropic than that of P and S waves, which adds to its use-

fulness as a magnitude estimator for small events, because full azimuthal coverage is not essen-

tial and thus reliable magnitude determintiops can be made from the data of only a few sta-

tions (Nuttli, 1986a). Following this line, Nuttli (1986a,b, 1987, and 1988) compared frb(P) -

mb(Lg) at the Novaya Zemlya, Nevada Fest Site, the Shagan River (eastern portion of East

Kazakhstan Test Site) as well as the Degelen region (central portion of East Kazakhstan Test

Site) as tfo!ows:

TABLE 1. mb(P) - mb(Lg) AT VARIOUS SITES
Site- [n/,(P) - mb(Lg) Reference

Novaya Zemlya -0.11±0.02 Nuttli (1988)
Sha,,n River EEKTS +0.04±0.12 Nuttli (1986b)

Degelen CEKTS 0.2 t ±0.03 NuLiX (5 7)
N, vada Test Site 4 -0.31±0.02 Nuttli (1986a)

The large difference between mt,(P) - n,(Lg) values at Shagan River and Degelen, 0.23

magnitude unit, is quite surprising inasmuch as the two test sites are less than 70 km apart.

Without knowing the actual values of the explosion yields at the Eastern Kazakhstan sites, it is

not obvious at all to decide whether the mrb(P) or the mr,(l.g) values at Degelen are anomalous.

The difference of 0.23 magnitude unit implies that, for an explosion of given yield, either the

P-wave amplitudes at Degelen are 1.9 times larger than at Shagan or that the Lg-wave anipli-

tudes are 1.9 times smaller at Degelen. Of course, b)th the P and Lg "'i'ht be different

between Degelen and Shagan for a given yield.

Scientific Report #2 1 February 1989
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A number of possible explanations of the differences between mb(P) - mb(t.g) values at

Shagan River and Degelen have been discussed (Nuttli, personal communication). The first is a

difference in coupling of P and Lg waves at the :wo sitcs. Either the P-,ka%,e coupling is

significantly more efficient at Degelen than at Snagan, or the Lg-wave coupling at Degelen is

less than at Shagan. A second possible explanation, somewhat related to the first, is that mb(P)

is larger at Degelen because of testing practices. Station sampling bias m:ght be considered as

the third explanation, but the data Nuttli used indicate that there is little such bias, if any. A

fourth explanation is related to the fact that most of the Degelen explosions are smaller than

those at Shagan, and thus the reported mb(P) values for the Degelen events might be overes-

timated because only stations recording large amplitude P waves were used to obtain the Inter-

national Seismological Center mb(P) values. However, Nutti (1987) reported that the largest

Degelen events of 20 February 1975. 26 March 1978, 28 July 1978, and 29 November 1978

have an average mb(P) - "b(Lg) value of 0.27, the same value as fbi die entire set of Degelen

exp .-sions. The fifth possible explanation is that the slope of ml(Lg) versus mb(P) is less than

unity beatuse of differences in corner frequencies in spectra.

It is the purpose of this report to check the first hypothesis. CEKTS has considerable

topographic relief (Rodean, 1979) whereas EEKi'S coilsits of fo!dzd szdimertary rc-k (Nor-

dyke, 1973). We therefore investigated several 2-D models for the excitation of SV Lg as well

as P waves using linear elastic finite-difference calculations. These simplistc models simuiate

the excitation of far field SV and P waves frm dilatational line sources embedded in 2-D

heterogeneous models with and without free surface topography.

Strictly speaking, no adequate analytical theory is available to model the near-source cru-

stal effect of the type investigated here. Lg is thought to be superpositions of higher Rayleigh

and Love modes. In terms of higher modes, the complexities of mode conversions and scatter-

Scientific Report #2 2 February 1988
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2. self-simillar media generated by modulating the waviNenLImbier-wa\venumbiter spectra of a

white velocity helid with tlie 2.-I) Fourier transfotrm, , ,,of a specijal 'on Karmon

pro fi IL-

4. dipping sedimentary layers with speci licd velocity piolile.

simple l ayered itnIc!

)n soic of the mnodels there wak supr no tarrly rough i nipoi raphy generated! by at

Nlarkov chain. Fourteenc -)rlu striictiircs \.ecV s. to cal tiLire the excitation of ftr-

held SV and f) waves fromi dniationail line irc.Sontic typiI i ,iplistic mnodels atc shown

in Figures I and 2. Si mir randomn medi a I'.ive been u ,cd ".idce in n modl ino the scattering, or

propagattion of either acotic or ciatewvsb\ thcI tie-l 1c ee method (Frankel and

Cla oil, 19N81. 19)86. I evande and Hll . 1 98s; LeI .nudert, 11)85- Fr ankel and Wernerberg2,

]%T Nl~ cI .atiollin and Jib., 1987). In thec licermogcncou,, portion of the Prnd, tie S-wAaVe Vebo

city ([I) waS aSSumlied to be dirctly related to the I'-wave velocity (t r) by thle followking linear

relationship: for (,x < 2.8, [3 0.45 (Y.: for 3.2 < (Y < i -.8 [ .5 ti x for (x > 5.2. [3 059 ul~

aind linear interixilat on xas u.,ed for tire transi tion initrvals. Thecse hieter oleneOuIS media arc

then embedded into a Ironrogeneous half- spa e wAith P- awii' S-wave velocities of 6 and 3.55

The, trkiidketItwi is .I hlnald ( )lakat lil'it S\ % 'ic %a ~ e "IipjIuCi;it '%clocitics of 4 5

Ki/Sc inC Ie nt 1i poll thsMrodels. Tihe ddIationail strai was t ecorded at an array of location~s

0. iii an ajverage depth0 IA0.5 kmf ii tire grid. By' use of Ire reciprocity principle, thie displace

ruleirtsi ici i irtc eeert )0 sdtrtii.dt Ilti:lltesuc .il
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von Seggern and IBlandf'Ord (1972) reduiced displacement pl~tial foi 50IKT in hard rock. The

same techni(jueC has been uitilized prev'iouslly II nm1deli rig the MCiteS isOf 01e geologic Structure of

Yucca V'alleyv (Mcl atnehiin t al , dS7) ai- kcl i s tHaM o!' rue topographic configura'ion of

Ahzwggar niounhu1tln on !eee'~ a I i!aelnd hhild. 1 986). ( ),ie minor difference is

11ha1 here le ii ec u11)peo (t 1he1 in.!iii a P Cre i2'' an~d 10" respectively.

correspondi ng to the iij'propriale:~rn ve'locitv valnce. To assure thint thz! initial incoming

wave lies Corlilctcl\, in the ,olwc 'nc;e;uKf o ev ha-,(: electcd grid dimensions of 250

hv '11 1)11n 2in) 1' .'S) 1 I a ' j;~ i~ Tiil~iu iei hie mesh"1 sp~cings

%kere ,\v \- Azf~ Th!, tnlb e IX-'ik .;ic, 'f Oih s:i::net \kidtli 12.Skmn and, t'Ao different

depths: 21 .§l:lir~i~ I.,3 In, t. I ::-rn. )I it , t I /i i the heteriuzeneous crustal

layers weCre set to (, ; kinl. 'lii dic H' i ilCA t c l it IL crustal depth should be kept in

mind v hen inep htetn'rvs '\1,( I n'h he1 tnio :tlspino was 0.005 sec, the band

besyond '; Hz is less :hhe~eto he te. I -rV 'rd ispersion of finite-difference simulation.

The 1:l) svwuhetis \'SV d%,ecni1y cc vl' so as ito represent the outgoing waves

due '0 the s,,Tie C1:11 ~rit iI( r"e i:eini l. The Iesult. froiii these simlulati In, are

pI' SCIurd In lii P)- (, P he~ e titiit ii i ich iinodel1 ni referienced to the

excitation for it uniform 2i kin ayi~v o 31ms ~ kiis over a uniform half space (aX

6.Orw', v S~ki~j Th.-~i i mtri1e;:-J si r er of, decreasing SV LIZ excitation

ed eto the IeferceIC IlC (j (0). !),,, ,hk" ii ndr ilirnus. 1) and L-,g are log(P/I' 0 ) and

~~~Oll !'wn FX w.dhi I I h '', peak a uphlitde Measurement
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TABLE 2. COMPARISON OF EXPLOSION P AND SV Ig EXCITATION
model P Lg P-Lg Description of the model

0 0.000 0.000 0.000 1-uniform layer (5+0%, 2km thick)
1 -0.207 0.202 -0.409 rough TOPO + 1 uniform layer (5+0%, 2km thick)
2 -0.006 0.132 -0.139 gentle TOPO + self-similar layer (5+10%, 2km)
3 -0.196 0.110 -0.305 rough TOPO + Gaussian layer (5+10%, 2km)
4 -0.023 0.073 -0.096 gentle TOPO + 1 uniform layer (5+0%, 2km)
5 -0.034 0.044 -0.078 self-similar layer (5+10%, 2km thick)
6 -0.162 0.019 -0.181 folded sinusoidal layers(L=2,1t=2.5,5+20%)
7 -0.031 0.014 -0.045 folded sinusoidal Iayers(L=2,H=2.5,5+10%)
8 -0.134 -0.037 -0.098 self-similar layer (5+20%, 2km thick)
9 -0.029 -0.037 0.008 folded sinusoidal Iayers(L=5,H=2.5,5+10%)
10 0.003 -0.058 0.061 2-Gaussian layer (4.5+10%/5+10%, total 2km)
11 0.019 -0.091 0.110 steeply dipping layers (520)
12 0.011 -0.093 0.104 gently dipping layers (260)
13 0.018 -0.137 0.155 steeply dipping layers (-52')
14 0.009 -0.143 0.152 gently dipping layers (-26)

Some observations are immedi'te:

1. For self-similar models, weak variation in the medium velocities causes more Lg genera-

tion.

2. Dipping layers (models 11 through 14) generate smaller Lg than the normalizing model.

3. Media with topography (e.g. models 1 through 4) which represent CEKTS all generate

more LF than the normalizing model.

4. Dipping layers (models 11 through 14) are more efficient than all other models for P

excitation.

"ib(P) - "b(1g) at EEKTS (c . modols I1 through 14) are larger than for any other

model.

We have noticed that the smoothing of the interface between the sediment layer and the

half space would not significantly affect the result.

Scientific Report #2 6 February 1988
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Observations 2,3,4 and 5 can be explained easily as that topography creates more

apparent explosion P-SV(Lg) coupling. The introduction of interfaces alone does not of itself

increase SV excitation with the required slowness range. Although this result is in seeming

contradiction to Nuttli's (1987) CEK'i'S-EEKTIS observatii, our previous numerical experi-

ments tend to support this explanation.

As a comparison, the results corresponding to frequency-domain measurements are also

presented for the 0.5-1.0 Hzt bandwidth in Table 3. Again, the average spectral level of the

dilatational strain history in the 0.5-1.0 Ili bandwidth fromt thle array ol' locations is deternilin,.d

relative to a reference model. Note that the results under the Lg and P-Lg columns in Table 3

follow the samne pattern as tile timne-domnain approach with the exception of~ the folded models

and the 20% self-similar model.

TABLE 3. EXPLOSION EXCITED P AND SV Lg ON 0.5-1.0 Hz
model P Lg P-Lg Description of the mode)

0 0.000 0.000 0.000 reference model
1 -0.400 0.083 -0.483 rough TOPO4unifo-rm layer(5±0%,2km)

2 -0.049 0.057 -0.106 gentle TOPO+self-similar layer(5+1O%,2km)
3 -0.363 0.063 -0.426 rough TOPO+Gaussian layer(5.0+l0%,2km)
4 -0.180 0.0 19 -0.199 gentle TOPO~uniforni layer(5+0%,2km)
5 0.016 0.009 0.007 self-similar layer(5±10%,2km)
6 0.099 -0.031 0.130 folded sinusoidal Iayers(5+20%,L-2,H=2.5)
7 0.058 -0.10 1 0.159 folded sinusoidal layers(5+I0%, L-2,H-=2.5)
8 -0.026 -0.049 0.023 self-similar layer(5+20%,2km)
9 0.015 -0.163 0.178 foldt-d sinusoidal layers(5±l0%,L-5 1-1=2.5)
10 0.083 -0.007 0.090 2-Gaussian Iayer(4.5+l0%15.0+10%,2km)
11 -0.008 -0.048 0.040 steeply dipping layers(520 )
12 -0.024 -0.057 0.033 gently dipping lityers(260 )
13 0.015 -0.086 0.101 steeply dipping layers(-52")
14 -0.00 --- 0.103- 0.1 0_2 gently dipping layers(-260 )

Scientific Report #2 7 February 1988
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DISCUSSIONS AND CONCLUSIONS

The method of finite-difference was used to simulate the excitaiion of explosion generated

far-field P and SV Lg waves in various models of crustal heterogeneity. While we continue to

experiment with various models, our preliminary results indicate that P to SV conversion is

strongly enhanced by velocity variation in the vicinity of rough topography and the introduc-

tion of low velocity layers near the surface. The introduction of interfaces alone does not of

itself increase SV excitation with the required slowness range.

These synthetic results are consistent with observations for Novaya Zemlya (Nuttli, 1988)

and Shagan River (Nuttli,1986), based on WWSSN film chip readings of Lg. The Novaya

Zemlya, which has rough topography, has a higher Lg relative to P ( rn,(P) - nMb(Lg) = 0.04 )

than does the somewhat flatter Shagan River test site %' Mb(P) - nb(Lg) = 0.27 ). However,

Nuttli (1987) also obtained relatively low mb(Lg) for the Degelen rest Site, which is only 70

km away from Shagan River. If this Degelen-Shagan River bias is real, it is not explained by

the FD results obtained to date. However, some recently archived high-quality digital seismo-

grams recorded at the Chinese Digital Seismic Network indicate more Lg excitation (with

respect to P) at Degelen than at Shagan River, which is consistent with our numerical results

(Figure 41).

Although we cannot presently explain Nuttli's (1987) Degelen results, we predict substan-

tial variations in SV Lg excitation by explosions embedded in crustal heterogeneity. It seems

that P-to-SV is not the only mechanism for explosion Lg excitation, so it is necessary to inves-

tigate the excitation of SH(Lg) as well.

A possibility is that Nuttli's mb:Lg relationship might be related to Rayleigh-to-P conver-

sion away from the immediate location of the source. Our numerical simulations treated only

the l'-S conversions that might occur within a few km of the source, and given some simple

Scientific Report #2 8 February 1988
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models. If either the Rayleigh excitation or the Rayleigh scattering is different for CEKTS and

EEKTS, then we could see the difference in Rayleigh to Lg. Since the two locations are only

70 km apart, the Rayleigh-to-Lg difference would presumably have to occur in the first 20-25

seconds. Thus it seems necessary to examine if the P-cdda are different for Degelen and

Shagan in the first 20-25 seconds. Similarly, P-SV conversion could be happening further

away from the source than we are modeling. It is also possible that the non-linear source

effects might prod',ce larger SV at one site versus another. These hypothesis as well as the 3-

dimensional effects were not addressed .n our current experiments.

Baumgardt (personal communication, 1987) pointed out that the observations at NOR-

SAR for Degelen and Shagan events (Ringdal, 1982) did not show the bias, and he proposed

another explanation for Nuttli's observations as that Nuttli's Degelen observations were made

almost entirely with stations to the south, whereas the Shagan data contain observations from

the NW at Scandinavian stations. His station corrections for Q may therefore have been biased.

Baumgardt (1985) proposed that Lg loses energy as it crosses the Urals on its way to the Scan-

dinavian stations, and this loss may not be accounted for in Nuttli's Q. It is interesting to note

that in Nuttli's (1986b) original paper on Shagan events, his revised Q0 values are the same as

or less than the original Q0 values for all the Scandinavian stations. The reduced Q0 values

resuited because the Scandinavian mb(Lg) values were less than average.

The finite-difference results in Figures 39 and 40 also show negatively correlated P and

SV energy. This provides a preliminary explanation of the success of the unified yield estima-

tor (U.S. Congress, Office of Technology Assessment, 1988). It seems that measuring all pos-

sible phases reduces the effects of uneven energy release on souice siue estiniation. To under-

stand this issue in a more quantitative manner, and to derive an optimal weighting scheme to

combine all phases, theoretical studies with numerical sinlulatinos are necessary.

Scientific Report #2 9 February 19X8
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FIGURE CAPTIONS

Figure 1. Typical geological models used in the finite-difference simulations in this report,
which included: (A) model 5: a 2 km thick self-similar layer of mean ox = 5 km/sec and 10%
variation, superimposed on a homogeneous half space with (x - 6 ki/sec. (B) A 2 km thick
Gaussian layer of mean ct = 5 km/sec and 10% variation, mean grain size 1 km. (C) model
7: a 3 km thick sedimentary rock of folded layers with sinu.,,oidal shape. The folded layers
have wavelength 2 kin, peak-to-peak amplitude 2.5 kin. Each layer is uniform in material pro-
perty, and the profile of ot is Gaussian distributed with mean 5 kin/sec, V = 10%. The interface
between the half space and the folded layers is smoothed. (I)) model 9: similar to (C) except
that the folded layers have wavelength 5 ki.

Figure 2. (E) model 3: a rough topography superimposed on a 2 km thick Gaussian layer.
(F) Same as (E) except that the layer is uniform with c - 5 km/sec. (G) model 2: similar to
(E), except for self-similar velocity variti~on and different topography. (H) model 4: same as
(G) except for uniform layer. The rough topography was generated by a Markov chain with
larger transition probability, %khich yielded 'more hrcquent" small-scale elevation changes.

Figure 3. Model 2. P wave in a half space (c. - 6.0 kmls, 3 3.55 km/s) incident upon a 2
km layer with average P-wave velocity of 5 k.m/s and a self-similar 10% rms velocity variation
superimposed by a gentle topography (indicated in the 0 sec frame). The S-wave velocity is
assumed to be proportional to the P-wave velocity. Darkness of the snapshots are proportional
to the displacement amplitude. Snapshots of the displacement field are shown at I second
intervals. The dilatational strain is recorded at 32 locations at a depth of 0.5 km in order to
infer the excitation of far-field P waves from explosion sources. Although absorbing boundary
conditions are used, care must be taken to avoid residual reflections from the sides of the grid.

Figure 4. Model 7. Same as Figure 3 except that a 3 km thick sedimentary rock of folded
layers with sinusoidal shape. The folded layers have wavelength 2 km, peak-to-peak amplitude
2.5 kni. Each layer is uniform in material property, and the profile of a is Gaussian distributed
with mean 5 kmsec, v = 10%. The interface between the half space and the folded layers is
smoothed (see Figure 1 (C)).

Figure 5. Model 8. Same as Figure 3 except the layer has P-wave velocity of 5 km/s and a
self-similar 20% rms velocity variation (indicated in the 0 sec frame).

Figure 6. Model 14. Same as Figure 5 except that the gently dipping layers totaling 3 km
thick are superimposed on the half space. The sedimentary layers have Gaussian distributed
profile with mean 5 kin/scc, v - 10%.

Figure 7. Model 2. S wave in a half space tct = 6.0 km/s, 3.55 k!!s) incident at 52'
upon a 2 km self-similar layer with average P-wave velocity of 5 km/s and 10% rms velocity
variation superimposed by a gentle topography (indicated in the 0 sec frame). The dilatational
suain is recorded at 32 locati(;ns at a depth of 0.5 ki in order to infer the excitation of far-
field S waves from exploson sources.

Figure 8. Model 5. Same ;is Fpigure 7 except that the self-similar layer is flat(indicated in the
0 sec frame).

Scientific Report #2 I February 1988
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Figure 9. Model 9. Same as Figure 7 except that the 3 km thick low velocity layer consists of
lightly folded (5 km wavelength, 2.5 km amplitude) 0.5 km thick layers with 10% rms velocity
variation with respect to an average velocity of 5 km/s.

Figure 10 Model 14. Same as Figure 7 except that the half space is superimposed by gently
dipping layers totaling 3 km thick. The sedimentary layers have Gaussian distributed profile
with mean 5 km/sec, v - 10%.

Figure 11. Model 1. Synthetic far-field P- (top) and SV-wave (bottom) inferred by the princi-
ple of reciprocity. The original dilatational strain history (5 Hz low-pass) responding to
incident broadband P or SV plane wave recorded at 32 locations at 0.5 km depth in the refer-
ence model. Shown here are the deconvolved synthetics corresponding to VSB 50 KT in hard
rock. The peak amplitude of these synthetics was measured and compared to the average peak
amplitude or the reference model.

Figure 12. Same as Figure 11 except for model 2.

Figure 13. Same as Figure 11 except for model 3.

Figure 14. Same as Figure II except for model 4.

Figure 15. Same as Figure I 1 except for model 5.

Figure 16. Same as Figure 11 except for model 6.

Figure 17. Same as Figure II except for model 7.

Figure 18. Same as Figure 11 except for model 8.

Figure 19. Same as Figure 11 except for model 9.

Figure 20. Same as Figure 11 except for model 10.

Figure 21. Same as Figure 11 except for model 11.

Figure 22. Same as Figure I I except for model 12.

Figure 23. Sane as Figure 1 except for model 13.

Figure 24. Same as Figure II except for model 14.

i'igure 25. Average spectral ratio as a function of frequency. Log(- ) 'upper) and Log(-Lg-)
P ALg0

(lower), of the Model I relative to the reference model. P wave response of model I in the 0.5
to 1.0 Hz range is deficient with respect to the reference model by 0.348 log units, while the S
wave response is 0.063 log unit above the reference model. Vertical bars represent the stan-
dard error of a single observation.

Figure 26. Same as Figure 25 except for model 2.

Scientific Report #2 14 February 1988



AFGL-TR-88-0025 FD Simulations of P-SV(Lg) Coupling TGAL-88-0I

Figure 27. Same as Figure 25 except for model 3.

Figure 28. Same as Figure 25 except for model 4.

Figure 29. Same as Figure 25 except for model 5.

Figure 30. Same as Figure 25 except for model 6.

Figure 31. Same as Figure 25 except for model 7.

Figure 32. Same as Figure 25 except for model 8.

Figure 33. Same as Figure 25 except for model 9.

Figure 34. Same as Figire 25 except for model 10.

Figure 35. Same as Figure 25 except for model 11.

Figure 36. Same as Figure 25 except for model 12.

Figure 37. Same as Figure 25 except for model 13.

Figure 38. Same as Figure 25 except for model 14.

Figure 39. Averaged P and SV(Lg) peak amplitudes of array of shallow explosions in four-
teen crustal models sorted with the logto(Lg/Lgo) values. Several observations are obvious: (1)
Dipping layers (models 11 through 14) generate smaller Lg than the normalizing model, while
they all generate more P than the reference model. (2) Media with topography (e.g. models 1
through 4) which represent CEKTS all generate more Lg than the normaliring model, while
they excite less P due to strong P to S conversion. (3) Dipping layers (models 11 through 14)
are more efficient than all other models for P excitation. Thus Pnb(P) and mb(Lg) appear to be
negatively correlated.

Figure 40. Same as Figure 39 except the P and SV(Lg) excitations are measured with the
averaged spectral content in [0.5,11 liz band. Crustal models with topography generate more
Lg and less P than models with dipping layers, same as the result derived from peak amplitude
measurement.

Figure 41. Short period seismograms of two Shagan events 87171 (78.74E, 49.91N, mb=6.1)
and 87347 (78.85E, 49.96N, mb=6.1), and a Degelen event 87198 (78.1 IF, 49.80N, mb=5.8)
recorded at CDSN station WMQ. Each trace is scaled by the peak amplitude. Note the rela-
tively less P energy (with respect to Lg energy) in the Degelen event 87198 as compared to
Shagan events of similar magnitudes.
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