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ABSTRACT

The amplification of P wave amplitudes by the receiver crustal structure

was modelled fo r 34 LRSM stations by using c ru stal st ructures derived f rom

geological and geophysical information in the literature. Crustal amplifi-

cation was found to be linearly related to the acoustical impedance of near

surface materials at each site. Correlation of the crustal amplification ,

expressed in magnitude units, with the magnitude residuals of Booth , Marshall

and Young (1974) is statistically not significant for the complete set of

stations investigated by the above authors. This indicates that crustal

amplification alone cannot explain the observed magnitude residuals. If two

subsets of stations in western and eastern United States, respectively , are

taken a linear trend between the computed crustal amplification and the

magnitude residuals can be seen within each set , but there is a separation

of about .3 magnitude units between the two groups. The most likely explana-

tion of the separation is anelastic attenuation in the mantle under the

western United States. About 75% of variance in the magnitude residu als, for

the US stations used , can be correlated with anelasticity and crustal

amplification as known at present . The residual variance must be due to
uncertainties in the above factors and other causes.
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INTRODUCTION

S t u d i e s  o f t e l e sei smic  magn i tude  measurements  have shown tha t  sys temat ic

d i i  fere noes e x i s t  be tween magn i tudes  observed at various stations which ~~~~~

not  he associated w i t h  regional source effects or radiation patterns. T h e

a n o ma l ie s  must , t h e r e f o r e , be associa ted w i t h  the ci f e c t s  of the crust  and/or
the upper mantle t inder each s t a t i o n . Booth , M a r s h a l l  and Young (1974) have

p u b l i s h e d  a set of station magnitude corrections , mostly for LRSM stations in

N o r t h  Am e r i c a .  The purpose of th is stud y is to eva l uate tl;c contribution of

cru s ta l  st r u c t u re  to the  s t a t i o n  anonia l los.  The structure of the  N o r t h  Amer i—

can continent has been studied quite extensively ’, the crustal structure Is

reasonabl y well known at many LRSM stations . At a few s ta t ions , however , the

st  riiettirc is not known and at most stations the  f i n e  s t r u c t u r e  is not well

known . In such c;ises a rough model can be 01) t a I ned by u s i n g  the  r e g i o n a l

crustal t h i c k nesses an d sor t  ace geo log ica l  i n f o r m a t i o n .

We have comp iled a set of est  Imated crustal models for the major!  ty of
* t he  s t a t i o n s  ana l yzed b y Booth , et al, (1974). In this report we shall coin—

pare the cr ustal magn if i c a tion compu ted for  each sta t ion , based on the assumed
• models , wi tht the observed magnitude anoma lies. The loca l ion of s t a t  Ions w i t hi n

the c o n t i n e n ta l  U .S .  and the  shor t—per iod  residuals are shown in Figure 1.

Booth , Marsha I I  and Young (1974 ) . Long and s h o r t— p er i o d  amp i i  t odes front earth-
quakes in the range O°—U4°, Geophy s. ~~~~. ~~~, . ~~~~ ~~•ç. , 39, 523—538.

~~~

. . .  ~~S~~~~ 5 - 5.
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Figure 1. Short—period magnitude residuals in the United States determined
by Booth , Marshall and Young , 1974.
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CRUSTAL MODEL S

Sinc e we only want to consider the crust we terminate our models w i t h  a

halfspace below the Moho. The properties of the local ma te r i a l  below t h e

• Mohe art ’ determined from refraction studies at stations where major refrac-

t ion surveys are available. At some stations the Geotech LRSM s i te  r epor t s

were used to ob tain nea r—sur face  i n fo rma t ion .  These report s  are based on

firsthand observa t ions by geologists, together , u s u a l l y ,  with perusal of

g e o l o g i c a l  maps of the area. Especially impor tant parameter s for computing

the c rus ta l  amp li f i c a t i o n  are the velocit ies  and thicknesses of the uncon-

solidated sediments near the sur face .  The l i thology  b y itse lf is not d i r ec t ly

app reciable  in th is  s tud y.  Al though many previous s tud ies  sI rt ’ssed ( l it ’  t in —

I ior t iuc~ of the  na ture of the rocks at the s u r f a ce  e .g .  , Evernde n and Cla rk

(1970), uch presentations can be very misleading . The velocity of sedimen-

tary rocks Is more important than their composition . Some older sedimen tary

rocks ire  extremel y compact and have hi gh s e i smic  velocities , which  are corn—

p arabl e to  th o se  o f grnnl to and produ ce amplitudes comparab It! to g ran i t e ’ . On

the ot her hand , th ick  low veloc tr y sediments can considerably increase t t u ’

anip l I tudc  of seismic waves at the su r f ace .

Crust al  models for  the set of LRSM stations used are given in Table I .

As s t a ted  abo ve , these ar e of va r y ing q u a l i ty  and may be improved as more

d at  a becomes a va i l a b l e  • Besides these , t h e Gee tech LRSM site reports were

always considered in c o nst r u c t i n g  the near surface par t  of each model. In—

fo rmation in these reports  varies frets qu i t e  detailed to s k e t c hy .  A consid-

erab le amount of i n fo rma t ion  about the n e a r — s u r f a c e  s t ruc tu re  has been gem—

erate(I by ‘~xp l oration for oil , but such information Is not easily ava i l ab l e .

There is undoub ted I y more information in t he’ general geolog ical l i t e rat t ire ,

but such In f o rm at  ton is very hard to eel b e t , and the  geological literature

usua l I v  clot ’s not give the relevant parameters , the seis mic vc’loc f t  fe s  and

detis i t  lo s , necessary to const ru e t an acctira to geophys tea l  model. The set of

model s g i ven In t h i s  report represents  what  can be eel bocted with a modest
• e f f o r t  I rem the  l i te rature . Q u a l i t y  e s t imates  h ave boon made t o e  each sec—

• 
Evornden and C l a r k , 1970. St udy of t e leseismie I’ . 11. amp l i tude da ta , Phjs.

Ear t ii  Pb  ain’ t i n t e r I o r s , 4 , 24 —31

—11 —
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tion. If hard , high—velocity rock Is at the surface , the section should be

excellent. Soft rock sites can be excellent if detailed well—logs are

available. If larger thicknesses of the surface soft layer must be guessed ,

then the section quality is poor.

S
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TABLE I

Crus ta l  Models for  the LRSM Stations in t h i s  S t u d y
Section Quality E — Excellent, CF — Good to Fair , P— b’oor

STATiON Layer Tht c knei~ 
Col. pre~ u Lo nai 

V~~Io C RY Den.Ity SOURC E
(QUALITY) d p R E FE RE NC E S

AD—IS 6.00 5.50 2.80 2 .70  Jacobs iiid
CF 21.00 6.40 3.60 2 .90  l lamada ( 1 9 7 2 )

8.10 4.60 3.30

AR~-WS 6.00 5.64 3.47 2 .70  Brune  and
E 10.50 6.15 3.64 2.80 Dorman ( 1963 )

18.70 6.60 3.85 2.85
8.10 4.72 3.30

AX AL 13.00 6.00 3.46 2.70 Antoine and
CF 22.00 6.70 3.89 2.90 Ewing (1963)

8.10 4.67 3.30 Woolard (1959)

BE FL 1.00 2.60 1.40 1.80 Antoine  and
CF 0.50 3.60 2.00 2.00 Ewing  (19 63)

15.00 6.20 3.60 2.80 Woeht’r and
U.00 6.70 3.87 2.80 Ucontiollow (1975)

8.10 4.60 3.30

BL-WV 1.89 6.00 3.46 2.70 Woolard (1959)

GF 25.10 6.15 3.55 2 .82
9.00 6.58 13.80 2.92
Co 8.14 4.76 3.53

BR—PA 1.89 6.00 3.46 2.70 Woolard (1959)
GF 25.10 6.15 3.55 2.82

9.00 6.58 3.80 2.92
Co 8.14 4.76 3.53

CP CL 4.90 5.80 3.38 2.60 ilealy (1973)

E 11.10 6.00 3.50 2.70 Paklser and
11.10 7.10 4.00 2.80 Steinhart (1964)

Co 7.90 4.50 3.30

DH—NY 1.89 6.00 3.46 2.70 Woolard (1959)
CF 25.10 6.15 3.55 2.82

9.00 6.58 3.80 2 .92
Co 8.14 4.76 3.53

4
DR CO’ 2.00 6.00 3.42 2.70 Keller , Smith

E 7.00 6.10 3.52 2.70 and Br ail e (1975)
15.00 6.40 3.69 2.80 Kell er , Smi th ,
16.00 6.80 3.92 2.90 I~r a i l c , Ileaney ,

Co 7.80 4.50 3.30 Shurbet (1976)

-15- 
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TABLE I (Con t inued)

Crustal Models for the T.RSM Stations in this Stud y
Section Quality E - Excellent , CF — Good to Fair , P - Poor

STATI ON Layer Th ickness cos presat un al Shear Density SOURCE
V . ioc t t y  VeIqc t t Y(QI ’AL ITY ) REFERENCES

d p
FR—CO 0.60 2.90 1.55 1.80 Jackson , Steward
CF 0.40 4.80 2.64 2.40 and t’ak i s er  (196 1)

1.30 5.20 3.00 2.60
9.90 5.80 3.34 2.70
15.50 6.10 3.52 2.80
20.00 6.70 3.89 2.90

8.00 4.62 3.30

FM—UT 1.70 3.40 2.00 2.30 Keller , Smith ,&
CF 6.70 6.00 3.50 2.80 Braile (1975)

6.30 5.50 2.90 2.70 Keller , Smith ,
10.00 6.50 3.50 2.80 Bra i l e ’ , Heaney ,

Co 7.40 4.00 3.10 & Shi ur ho t  ( 1976 )

c.v—Tx 1.00 3.05 1.63 1.80 Cram ( 1961)
E 1.00 4.11 2.26 2.20 Tryggvason &

1.00 4.42 2.55 2.30 Quails (1967)
6.30 5.63 3.24 2.70
15.90 6.10 3.52 2.80
16.80 6.92 4.00 2.90

Co 8.20 4.73 3.40
S

IlL—ID 8.00 5.20 2.96 2.50 hill & Pak iser
CF 37.00 6.70 3.82 2.80 (1966)

7.90 4.50 3.20

RN—ME 10.00 5.90 3.36 2.70 Dainty, Keen ,
CF 20.00 6.35 3.62 2.72 & Blanchard (1966)

25.00 7.35 4.19 2.83
8.10 4.62 3.30

11W—IS 3.50 3.70 2.11 1.94 Hill (1969)
E 6.50 6.00 3.42 2.70

5.00 7.20 4.67 3.40
Co 8.20 4.67 3.40

JE—LA 1.50 2.70 1.44 2.00 Antoine and
E 6.60 3.60 2.00 2.30 Ewing (1963)

13.00 5.80 3.37 2.70 Woeber and
15.00 6.70 3.90 2.80 Pennhollow (1975) 

*
Co 8.10 4.80 3.30

JR—AZ 0.36 2.50 1.33 1.80 Johnson (1965)
CF 19.00 6.00 3.50 2.70

12.00 6.70 3.90 2.80
7.90 4.50 3.30
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TABLE I (Continued)

Crustal Models for the LRSM Stations In this Study
SectIon Quality E — Excellent , CF — Good to Fair , P — Poor

STATION Lay.r Thick ness 
Co~ :~:i~ iona i 

V e loc i t y  Dens ity SOURCE
• ( QUA LITY ) d a p REFERENCES

KC—MO 1.94 5.00 2.88 2.60 Stewart (1968)
CF 9.88 6.06 3.50 2.70

12.35 6.27 3.62 2.80
18.34 6.71 3.87 2.90

8.09 4.70 3.30

KN—UT 2.00 3.15 1.81 2.00 Keller , Smith
CF 7.00 6.10 3.52 2.60 & Braile (1975)

15.00 6.40 3.69 2.70 Keller , Smith ,
16.00 6.80 3.92 2.80 Bralle , Heaney ,

Co 7.80 4.50 3.20 Shurbet (1976)

LC—NM 1.20 ~.OO 1.6() 2.20 roppozada and
p 5.00 5.80 1.20 2.70 Sanford (1976)

21.00 6.50 3 .8() 2.90
7.90 4~ 45 3.30

* LV—LA 1.20 1 .70  1 .4 4  2.00 Antoine and
CF 6.00 3.60 2.00 2.30 Ewing (1963)

13.90 5.80 3 .37 2.70

• 15.00 6.70 3.90 2.80
8.10 4.80 3.30

MN—NV 2.00 5.80 3.34 2.50 1-till & Pakiser
CF 27.00 6.15 3.54 2.70 (1966)

10.00 7.10 4.09 2.90
7.80 4.50 3.30

MO—ID 0.55 1.50 0.75 1.80 Hill & Pakiser

CF 0.43 4.00 2.20 2.50 (1966)
7.50 5.20 2.97 2.80 (installed in
37.00 6.70 3.82 2.80 a missile silo

7.90 4.50 3.20 on silt.)

MV—CL 1.00 3.00 1.60 2.20 Pakiser & Zietz
P 15.00 6.00 3.50 2.70 (1965)

20.00 6.70 3.90 2.90
7.80 4.40 3.30

NG—WS 6.00 5.64 3.47 2.70 ~rune & Dorman
CF 10.50 6.15 3.64 2.80 (1963)

18.70 6.60 3.85 2.85
• 8.10 4.72 3.30

S i
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TABLE I (Continued)

Crustal Models for the LRSM Stations in th is  Study
Section Quality F - E x c e l l e n t , CF — Good to Fair , P - Poor

STATION lay. , ThiCk ness ~~pt.ssiunat ~~‘“ SOURCE
V e l m i t y  V s i o c t t v t y

(QUA LITY ) d REFERENCES

NP—NT 3 .00 4. 1- 3 2 . so 2 .40 11-rune ~ Dorman

CF 9.00 6.00 3.50 2.70 (1963)

26.00 7.30 4.15 ?.90
8.23) 4.70

PC—BC 2.00 5.00 2.90 2.60 W h i t e  ~ Savage
p 14.00 6.10 3.50 2.70 (1965)

14.00 6.70 3.84 2.80
8.00 4.60 3.30

RK—ON 6. 00 5.64 3 .47 2. 70 flrunt ~ i)orman

E 10.50 6 . 1 5  3 .h 4  2.80 (I%fl
18.70 6.60 3.85 2.85

8.10 4.72 1- . 30

SJ— TX 1.00 2. i i  1. 1 3  1 . 83) Woebe r ~
E 5.30 3 . 35 1.82 2 .00  Pennh o l low t~ 1975)

F. 70 3.60 2.07 2 . 4 0
11.00 6.00 1.4t~ 2.7 1)
11.00 6 .70  3.87 2.90

8.00 4.t~2 Lb

SV—QB 1. 13 5.80 3. 16 2 .60 11-rune ~. t)orman

E 20.00 6.20 1.60 2.70 (1%1)

16.00 6.70 3.90 2.90
8.00 4.60 3.30

SM—MA 4.70 5.00 2
•$5  2.50 A sail.i ~ A l d r i ch

CF 12.00 6.20 3.53 2.70 (1966)

39.00 6.70 3.82 2.80
Co 8.00 4.56 1 .1-0

IF—CL 2.00 3.00 1.61 2.00 Hea ly (1973)
p 14.72 6.10 3. S2 2 . 7 0  P ak i s er  & Zietz

.40 7.00 4.04 2.90 (1965)
8.10 4.67

Wit —Y R 35.00 6.21) 1 .54 2.75 l e h l a u c  &
p 8.20 4.75 3. 30 W e t m i l l e r  ( 1 9 7 4 )

Wi—NV 1.00 4.50 2.57 2. 10
CF 18.00 6.00 h42 2.70

12.00 6.70 3.82 2.80
7.90 4.50 1.20
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COMPUTAT I ONS

The &‘rust a  1 amp l if tea t  ion is a func t ion of not only the ma te r i a l  prope r t y

distribution but also ot the angle of incidence. We evaluated the ground

amp lification for three different pulse shapes using an angle of incidence
• of 25 0 below t h e  Moho, w h i c h  is  f a i r l y  typ ical for  teleseismic arrivals. The

f i r s t  pulse  is chosen to represent  the  wide—band  si gnal gene r ated b y a 5 kt

nuc lea r exp losion  in g ran i t e  as seen th roug h the  s tandard LRSM shor t—per iod
instrument (SPS) , the second is a 50 kt exp los i on seen through the same in-

s tru ment (SP SO) and the t h i r d  is the 50 kt exp los ion seen through the LRSM

long—period instrument (IPSO).

At first we performed e x p l o r a t o ry  c a l c u l a t i o n s  and t ound tha t  the ampli—
tication is relatively insensitive to t he  moderate variations of the angles
of incidence expected for t he.. tt’leseismle distance range . As we shall see in

detail in this report the  amp l i f i c a t i o n  was al so  found  to he almost as well

predicted by the e la s t ic  properties of m a t e r i a l s  near t h e  surface as by the

detailed variations 03 t he  c rusta  I frequency response w i t h  f r e q u e n cy .  The

dominant perIod of the  t r ansmi t t ed  pulses  was also found , by visual Inspec-

tion , to he Insensitive to crustal structure . Antici pating results to come ,

• comparison ot~ the amplitud es of s t a t  ion pa ir s  whose St ruct tires d it t erect by

S — I  O~ • g. • ~Dl S—AXA L , AR W S—AX M ., LCNM—MVCL , DIINY—1)RCO , NI’NT—WINV; reveals

m a g n i t u d e  d i t t e r e n c e s  rang ing from .01 to .05. Thus , we feel tha t these

cru st a  I nude i s a rt ’ about as accu r at  c’ as ticeded for the  purposes of est ima t ing

magn I tides si  lice’ most  o I he st rue t t ires should be good to  .10%. Vart at Ions

due t o focussing should t n t  roduce more va r iance  than should in acc ruat e .’ p l a n t ’—

layer parameters.

The a l g o r i t h m  to compute c rus ta I amp lii teat Ion is th e .’ we.’ 1 1—known Haske 11

matrix me 1_hod (Haske 11 , I 962)  f o r  l a t e ra l 1 y homogeneous elas t ic  layered med i.t.

No ane l a st l e  e f f e c t s  in the  crust were considered. We.! assume a d i l at at i on a l

strain amplitude (~ + 4!. + 4~
, where u , v , w are  the components of

displacement) ot  u n i t y , in Haskel l ’s notation .\ “ = I , for t he  i n c i den t  wave

• at the base of our model • This amounts o n ly  to a convenient norma l Izat ion 01

the  i nc i den t  amp lit tide • To equalize the t’ last Ic energy 11 ux a t  the  base of

the model the r est i  i t s  of computat ion have to  be.’ divided by (p ct~ ~ 
112 where

Haskell , 1962. Crustal reflection of P and SV waves , ~1 . Cc~~ lws. Res., 67 ,
!4 7 5 1_ 4 T h 7 .
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p and a are the density and P wave celocity in the sub—Moho half space ter—

minating the model. This correction factor can easily be derived from

Haskell ’s equations as given by Bath (1968, P. 282—283) and Ewing, Jardetzky,

and Press (1957, p. 28). Figure la shows the location of LRSM stations used

within North America.

Figures 2 to 30 show the crustal frequency responses , plotted as power

spectra, of the impulse response of the crust; time domain crustal impulse re-

sponses, and final pulse shapes for each model and assumed pulse type. The

LRSM station in question is indicated at the top of each figure. Below this,

the crustal response is shown as a function of frequency between 0—6 Hz. The

short—period and long—period impulse responses, and synthetic seismograms are

shown below these with the appropriate time scales. All plots are normalized

to the same amplitude and the normalizing factors are written beside each plot.

Signals which seem to be precursors should , in reality , follow the first main

pulse and were created by the “wraparound” affect of the Finite Fourier trans-

form. The effect of these on the logarithms of the main pulse is negligible

since they are, in all cases, very small. The maximum amplitude is picked by

the computer and printed on the plot. Only the relative changes of amplitude

for a fixed pulse type are significant, not the absolute value.

The receiver crust frequency responses show rapid fluctuation with fre-

quency , but averages over wider frequency ranges are approximately constant

in spite of the fact that the power is plotted which tends to emphasize the

fluctuations on the linear scales employed . In the overwhelming majority of

the cases presented , the effect of crustal responses in the estimation of Q
by fitting straight lines to spectral ratios would seem to be negligible,

since there is no clear trend with increasing frequency . The few exceptions

(such as FKCO) serve to demonstrate that crustal responses can, in some cases,

contribute to the scatter in Q measurements.

Bath, Marcus (1968). Mathematical aspects of seismology, Elsevier Publishing
Company, Amsterdam.

Ewing, M. W., Jardetzky, W. S., and F. Press (1957). Elastic waves in layer—
ed media. McGraw—Hill Book Co., New York, NY
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C R U S T A L  R E S P O N S E

:\  / .~~ -; \ A ,. \. / \ /
1 \~ / / / 

-

- ~~~~~~~~~~~~~~~~~ . - — - - - 1 104

o 1 2 3 4 5 6

FREQUENCY ( liz)

CR UST I M P U L S E  R E S P O N S E

SP  LP

— -r - — 1.019 
~ 

~ . 0 881

S E I S M O G R A M S
‘ 5 K t  50 k1 5O Kt

~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ /~20.411 15.009 ~ 0.001

S P5 SP50  LP5 O

I- -1 -t H
o 5 10 0 32 64

Sec Sec

Figure 2. Crustal frequency response function , shown as linear power spectrum
of the receiver crustal impulse response, receiver crust impulse
responses, synthetic seismograms for the LRSM station AD—IS. The
numbers to the right of abscissa indicate the  maximum power or
amplitude as appropriate.
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AX-AL

CR USTAL RESPONSE
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134 2

FREQUENCY (Hz)

CRU ST IMPULSE RESPONSE
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~ 0.155 —~~ 0 858

SEISMOG RAMS

5 K t  SO Ki 50 Kt

24.180 14 .105 ~~~~~ 0.00 7

SPS SP5O LP5O

4 —.4
0 5 10 0 32 54

Sec s ec 
p

Figure 3. Crustal frequency response function , shown as linear power spectrum
of the receiver crusta]. impulse response, receiver crust impulse

responses, synthetic seismograms for the LRSM station AX—AL. The
numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate. -
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Figure 4 • Crus t  a 1 1 re ’qut’ncv response fun c  t ion , show-n as l i nea r  power st’ t ’c t rum
of the  receiver  c rusta l  impulse response’, r ect ’ i ye.’ r c r u s t  i m p u l s e .’
responses , synthetic seismograms for the’ LRSM stat ion l~E— FL. l ’Iic ’
numbers  to  the r i ght of ;e.hsc i ssa ~~d i cat t’ the maximum pO% ’t ’ F O F

amp litude as appropriate.
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CP-CL

CRUSTA L RESPONSE
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1- 1 4 - 4

0 1 2 3 4 5 6
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L 

~~~~~~~~~~~ ~ 008
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Figure 5. Crustal frequency response function, shown as linear power spectrum
of the receiver crustal impulse response, receiver crust impulse
responses, synthetic seismograms for the LRSM station CP—CL. The 

*

numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate.
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Figure 6. Crustal frequency response function , shown as linear power spectrum

of the receiver c ru s t a l  impulse response , receiver crus t Impulse.’

responses, synthetic seismograms for the LRSM station Rh—WV , BR—PA

and DH—N Y . The numbers to the right of abscissa indicate. ’ the.’ max—

m u m  power or amplitude as appropriate.
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FIgure  1. Crus ta 1 4 r.’quency response’ I tifle.’ t ton , sh own as I I ni’a~ power spect rum
ol the ret’ e.’ I ye.’ r c rus ta 1 impulse’ response , rt ’ee iv, ’ cru st  Im p u l s e . ’
r esponses , sy n t h e t i c  seismog rams I or the I,RSM stat ion PR—CO. The.’
numb ers to the’ r i g h t  of absc I ssa in d i c a t e . ’  th e . ’  max I mum pOWI ’* o
ampli tude as appropriate.
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F I g t i  re.’ 8. Crusta I I r L ’que.’ncy response fun c  t ion , shown as linear pow.~’t
- spec t i•um

of the.’ rot e.’ I ye .’ r crust al Impu l se  response , rece 1 ye r ‘ i- us t I mpu I se.’

responses , svu t bet i t ’ se.’ i  smog rams fo r  the  LRS~1 st at I on KK—CO .
numbers t o the.’ ri ght o I ahsc I ssa i n d i c a t e . ’  the. ’ max I mum powe.’ F
amp~ It uiie. ’ . I S  a p p r o p r i a t e .
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FIgure 9. Crus ta l  f r equency  response f e . m n e .’t ion , shown as 1 m ea t- power spot-i rum
of the  receiver  c r u s t a l  impulse response , receiver e.’ r us t  I m p u l s e .’
responses , synthetic seismograms for  the  LRSM s t a t i o n  FM— Il l’ . The.’
numhe. ’rs  to the. ’ r i gh t  of ab sci s sa  ind ica te .’  the  max imum power or
a m p l i t u d e . ’  ,m s appropriate.
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Figure  10 • Crus t a l  I rcqtme.’n c y response I immu -  t Ion , shown as 1 i near  power s pt ’~~ t rum
of the. ! ree.’eive.’r crustal Impulse.’ response.’, re. ’celve. ’r cr u s t  t m p e . m l s e . ’

• r i’s pons I’S , syn the. ’ t it ’ se.’ I smog rams for I lit ’ 1,RSM s ta t .  I on t V— I’X •
numbers  to the r i ght  of ab se.’ i ss .m [0(1 t e a t  e ti m e. ’  max I mum powe F o r
amp li tude as appro~ rlat ~ ‘.
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Figure II. Crustal frequency response function , shown as linear power spectrum
of the receiver crustal impulse response , receive r crus t impulse
responses , synthetic seismograms for the LRSM station ilL— Il). The
numbers to the’ right of abscissa indicate the maximum power or
ampli tude as appropriat e.
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Figure 12. Crustal frequency response function , shown as linear power spectrum
of the receiver crustal impulse response, receiver crust impulse

• responses, synthetic seismograms for the LRSM station HN—ME . The
numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate.
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Figure 13. Crustal frequency response function , shown as linear power spectrum
of the receiver crustal impulse response, receiver crust impulse
responses, synthetic seismograms for the LRSM station HW—IS. The
numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate.
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Figure 14. Crustal frequency response function , shown as linear power spect rum
of the receiver crustal impulse response, receiver crust im p u l s e .’
responses , syn the t i c  seismograms for  the LRS M s t at i o n  AR—WS , N~—WS,
PM—WY and RK— ON . The numbers to the  r igh t of ab so i ssa ind ic ,-m to (lie.’
maximum power or amplitude as appropriat e.’.
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Fi gure 15. Crustal frequency response function , shown as linear power spectrum
of the receiver crustal impulse response, receive r crust impulse
responses, synthetic seismograms for the LRSM station .JE—LA . The
numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate.
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Figure 16. Crustal frequency response function, shown as linear power spectru m
of the receiver crustal impulse response, receiver crust impulse
responses, synthetic seismograms for the LRSM station JR—AZ. The
numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate.
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Figure 17. Crustal frequency response function , shown as linea r power spectrum

of the receiver crustal impulse response, receiver crust impulse
responses, synthetic seismograms for the LRSM station KC MO. The.’
numbers to the right of abscissa indicate the maximum power or 4
amplitude as appropriate .
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Figure 18. Crustal frequency response function , shown as linear power spectrum
of the receiver crustal impulse response, receiver crust impulse
responses, synthetic seismograms for the LRSM station KN—UT. The
numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate.



—5--- —5--, — - — 5 -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 

—‘—‘5--’ --—-— 5-.,-’ -- —5- --—— —-- - . -‘- - - - - ‘- ---— --- - - - -5-5- - - ---

LC-NM

C R U S T A L  R E S P O N S E

/ 
- 

~~~~~~~~~~~~ 
_~~/~~~~~ 

~ . /~~~~~~~~~~~~~~~

_ 
-
~~~ — 
t\ . - ~~

f’
\. -

6.671
I I 4

O 1 2 3 4 5 6

FREQUENCY (Hz)

CRUST I M P U L S E  R E S P O N S E

A
~ ~ - 1.115 ~~ 0.899

SEISMOGRAM S

50 Kt 5O Kt

- 

~~~~~~~~~~s;; ~~~~

SP5 SP5O iPSO

I I —4
0 5 10 0 32 64

s.c SIC

Figure 19. Crustal frequency response function , shown as linear power spectrum
of the receiver crustal impulse response , receiver crust impulse
responses, synthetic seismograms for the LRSM station LC—NN. The
numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate.
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Figure.’ 20 • Crus t  .i i ~ requency response fun c  t ion , shown as 11 ne.’a r power speet rum
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responses , S Y I l  tli e. ’t 1~ seismograms for the  LRSM stat I on I.V—l.A. Th e.’
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Figure 21a. Crustal frequency response function, shown as linear power spec-
trum of the receiver crustal impulse response, receiver crust
impulse responses, synthetic seismograms for the LRSM station
MN—NV . The numbers to the right of abscissa indicate the maximum
power or amplitude as appropriate.
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Figure 21b. Crustal frequency response function, shown as linea r power spec-
trum of the receiver crustal impulse response, receiver crust
impulse responses, synthetic seismograms for the LRSM station
MO—ID. The numbers to the right of absci~.sa indicate the maximum
power or amplitude as appropriate.
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Figure 22. Crustal frequency response function, shown as linear power spectrum
of the receiver crustal impulse response, receiver crust impulse
responses, synthetic seismograms for the LRSM station MV—CL. The
numbers to the right of abscissa indicate the maximum power or
ampl i tude  as appropriate.
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Figure 23. Crustal frequency response function , shown as linear power spectrum
of the receiver crustal impulse response, receiver crust impulse
responses, synthetic seismograms for the LRSM station NP—NT. The
numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate.
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Figure 24. Crustal frequency response function, shown as linear power spectrumof the receiver crustal impulse response , receiver crust  impulseresponses , synthetic seismograms for the LRSM station PG—BC. Thenumbers to the right of abscissa indicate the maximum power oramplitude as appropriate.
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Figure 25. Crustal frequency response function, shown as linear power spectrum
of the receiver crustal impulse response, receiver crust impulse
responses, synthetic seismograms for the LRSH station SJ—TX. The
numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate.
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Figure 26. Crusta]. frequency response function, shown as linear power spe. ’ct rum
of the receiver crustal impulse response, receiver crust impu ist ’
responses, synthetic seismograms for the LRSM station SV—QH. i’iie
numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate.
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Figure 27. Crustal frequency response function, shown as linear power spectrum
of the receiver crustal impulse response, receiver crust impulse
responses, synthetic seismograms for the LRSM station SW—MA . The
numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate.
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Figure 28. Crustal frequency response function , shown as linear power spectrum

of the receiver crustal impulse response, receiver crust impulse

responses , synthet ic  seismograms for the LRSM s t a t ion  IF—CL. The

numbers to the right of abscissa indicate the maximum power or

amplitude as appropriate.

—48—



- .  — —-- -- ,— ———-- --------- - .-.

WH -YK

• CRUSTA I. RESPONSE

1.443
I I

o 1 2 3 4 5 6
FREQUENCY (Hz)

CRUST IMPULSE RESPONSE

SP LP

- _mlil~~I~
Ip.1sP_.ai .~ 0.638 -~~~ 0_ ao l

SEISMOGRAMS

5 1 (  50 kt 50 1(1

- - 

25.950 13.156

SP5 SP5O LP5O

F I 4 I 4 4

o 5 10 0 32 64
Sec Sec

S
Figure 29. Crustal frequency response function, shown as linear power spectrum

of the receiver crustal impulse response, receiver crust impulse
• responses, synthetic seismograms for the LRSM station W}I—YK. The

numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate.
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Fi gure  30. Crustal frequency response function, shown as linear power spectrum
of the receiver crustal impulse response, receiver crust imptilsc
responses, synthetic seismograms for the LRSM station WI—NV . I h e
numbers to the right of abscissa indicate the maximum power or
amplitude as appropriate.
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The resul ts  of ca lculat ions  show that the total variation in magnitude

due to the estimated plane—parallel crustal structure is much less than the

observed variation in magnitude residuals. The largest values of crustal

amplif ication are associated with thick sediments at the surface, a t Gulf
Coast stations LVLA and SJTX for example. Since these models are some

extreme it is unlikely that credible refinements in the crustal structures

would increase the range of crustal amplification. Major modifications of

structures can , in most cases, be ruled out even on the basis of the sketchy

geological information available .

For instance , although addition of thin (d < lOOm), low—velocity weath-

ered layer or a thin layer of alluvium could be allowed at some sites by the

available geolog ical information , it woiild be unlikely to introduce any

significant change in the results. Similarly ,  it would be unreasonable to

assume low velocities for sedimentary rocks at some EUS stations , if it is

stated in the site description tha t these rocks are highly compact or meta—
morphized. If a station located on granite bedrock the obvious choice is

to use a simple two layer crust with a granitic top layer. This would be

incorr ect onl y if  the dimensions of the granite body are extremely small.

The thicknesses conform everywhere with the regional crustal thicknesses given

by Pakiser and Steinhart (1964), and with the nearby crustal refraction studies

and the P~ velocities given by Herrin and Taggart (1962).

Tables h a  and lib summarize the results of our calculations. Table h a

indica tes  the areal subdivision used (1 for EUS, 2 f or WUS , 3 for others),

gives values of density and P wave velocity at the surface (ci , ~~) and below

the Moho (
~

-
~ , r ) and the raw vertical surface amplitudes obtained by the Has—
n n

kell matrix method for the 5 kt and 50 kt pulses as viewed through the LRSM

~~ort and long period instruments (SPS, SP5O , LP5O). These include various

common factors in the computations due to pulse shape, Fourier transforms etc.

which are of no interest since only the relative pulse amplitude ratios between

__________________________________
Pakiser , L. C., and J. S. Steinhart (1964). Explosion seismology in the

Western Hemisphere, Research in Geophysics , 2, MIT Press.

$ 
herrin , E. T., and J. Taggart (1962). Regional variations in P~ velocity and

their effect on the location of epicenter , Bull. Seism . Soc. Am., 52,
1031—1046.
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various stations matter. The magnitude residuals of Booth et al. (1964) b r

short  and long period P waves (SPC and LPC) are also given. Table li b shows

reduced q u a n t i t i e s  to he anal yzed . We correct for  the sub—Moho medium by

dividing the c a lcu l a t e d  amplitudes by . We denote the quantit ies t h u s

corrected by the  unbarred de:~tgnations SPS, SP5O , LP5O. The base ten log-

arithms of these are named c rus tal  amplification terms in this report. We

name the q u a n t i ty  log10
(~p r ~~) the surface impedance term. To examin e  t h e

question of w h e t her  a difference in observed magnitude is proportional to a

difference in the logari thm of theo retical amplitudes , the absolute level of

the individuals comprising the pair of theoretical amplitudes is irrelevant.

We are, therefore , f r e e  to subtract a constant from the logarithms of the

amp litudes of , e.g., SPS In Table h a .  A different constant has been sub—

trnctt ’d from the logs of each of the columns SP5, SPSO , and I,I’SO, after t h e y

have been corrected for ~~~~~~t ‘, In order to bring the numbers into the range

ot un its- . The last two columns of Table h a  contain the magnitude correction

terms given by Booth , Marshall and Young (1974) for short and long period

P—waves. ISince In t he  following regression analysis we want to test the

dependence of the magnitude correction on crustal structure together with t* ;

in  accordance with Per et  ii. (1977), we choose t~ — 0.2 for EUS stations

and t~ .45 for W1IS s t a t ion s . These averages are broadly valid ; no reli-

able t~~ t i gu r e -. ir e  .tva l lab l e  [or individual stat tons at th is writing . In—

d i v i d u a l  st - it I t ’ l l 1 * v.iI I1 ’’~ ei ’ialc t’ obtained by averaging many i n d i v i d ua l

spectral otiservat i o ns  i t  ea ch  stat ion, and it seems certain that they would

reduce the fina l error variance.

In preparing t o t  t h e  regrt.sston analysis let us first examine visually

some p lot s ot  our comput ed crustal amplification terms vs. other relevant

quantitie s . We show in Fi gures IL and 32 the short period amp lification

terms t rom Table  IIh (tog—amp l i t ude) plotted against the quantity log10(v~1~~~ ,

where  t h e  s t i h s t - r l pt  pertain to estimated vales of ~‘ and o at  the free

surface . The t Igtires sh ow t h a t  the surface properties are very important in
$

Per , Z. A., M. S. l)awktns, 1. W. McElfresh , J. H. Concz, C. E. Cray , M. S.
Gihlisp le (l~~77). Telescismic P Wave Amplitudes and Spectra at NTS and
the  Shoal Site as Compared to Those Observed in Eastern North America,
Preliminary Report , SDAC—TR—77—9 , Teledyne Ceotech , Alexandria , Va.
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determining crustal amplification in our models. The scatter reflects the

deviation between amplification due solely to surface acoustic impedances

and the exact calculation of response. The scatter relative to a simple

linear dependence is small. This suggests that in most cases knowledge of

is sufficient to approximate the theoretical crustal response. The

points belonging to the EUS and WUS or third category populations are mixed
together in these plots, showing that all of these groups cover a similar

range in crustal. amplification terms, or log10
(~ ~~~. Since energy E -

A ~pcz ~~, then in a slowly varying medium where energy is concerved logA -

—1.0 log4~~. Our calculated regression slopes of 0.327 and 0.393 reflect

the fact that the influence of deeper layers is being felt on the low—f re—

quency portions of the signal, and that for low P
~
a much of t~.e energy is

reflected before it reaches the surface.

As the next step in our analysis we tried to examine the relationship

between the magnitude residuals m~
” and m~~ of Booth, Marshall and Young

(1974) on one hand and our crustal amplification terms 1og10
(SP5) ,  log10

(S PS O) ,  log10
(LP5O) , 1og10(/ ct~) and t* on the other hand for the total

data set.

‘5- 
Figures 33 and 34 show the computed crustal amplification terms log10

(SP5) and log10(SP5O) (called crustal amplification terms) plotted against

the magnitude residuals SPC of Booth et al. (1974). Triangles denote stations

in western North America (WUS), squares denote stations in the KUS, circles

denote stations which could not be classified into either category (ADIS ,

HWIS and WHYK). Both figures show that the points associated with the EUS

stations form a population which is almost completely separated from those

of the WUS stations. The magnitude residuals are positive in the EUS (high

observed magnitudes) and negative in the WIJS . The points for the three

stations not belonging to either category seem to group with the EIJS stations.

Both the EUS and WUS populations exhibit visible trends with the crustal

amplification terms although there is a lot of scatter.

The surface impedance term log10
/p
5ct~ was also plotted against the

magnitude residuals in Figure 35. Since this quantity was shown to be

highly correlated with the crustal amplification terms the distribution of

—57—

~



- - 

~~T~~~~~
_ ; ’ _ -

~~~~
---- - ’ - - - ’ -_ ’ _ _

I I I 1

.~ .-I 5 50 u S - - i
a Lr~~~~aJ .n

- I -~~~~~~~ 1-l U)
- CO ~~~ 0)a

1-1 5-0 ~
C O 0 4 ) 4~

0 a
- - a

“~~~0 i  5 E ~~~

— ._ l c o

~~ 
~~~~

::
-‘ 

a 
~ 

0 . 4 0 0 1 . 1 0)
- ci~~ .. 

ci

: ~
~~ a a -~l 00 • 0)

~~ 
a ...~~ -

a
I ~ ci 

~ D l-’~~~~ cO
0 ~ ~a : i.:. —i --i .

U- - 
—~ ~~

~. I

‘-J ~~~~~~~~~~~ I

I <3 ...
~~~~~~~~~ 

5 0 0 0
-

~~~~~ ~~~- i n  n
~1 <3 a 0 Q . - I V)

F a

~~~ o o  I

I I I I I I~~~~~
3— .4 — .4 .4 .4 — .4 .4

ISlfld $55 ISdI 11ri) 5~~V3i uOuv3UIld uv 1VL$fl53 OO I MN IVONI O3ifldNO3

—58- 

____ 

. -

_ _ _  _ _ _ _  I ~~~± - ~~~~~=~~~~~~~
---;::

~~~~



- -— . .—
~~~

- - -  
-— 

a
I 1 I I 1 1 1 I

a

0 
1.4 1a

- :
•

~~~~~~~~~~~~~

Ml 0 5a

C 0 a
-

~~~~~~— G O N O

~~~~~~ 

-

U

~~~~~~~~~~-
~~~~~~ a

0 ”  W 0 - .5-...-’, 
~~ ~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~

~ ~~~~~~~~ 
~~~~~~~~~W a

‘p 
-

~ !N.~ I ~

<3 Ij~44~~~~~~~~~(3

I 
~~~~~~~~~~~~~~~~~~~

<3 C

~~ 

‘4 0 0 .0 1 . 4 5
.-i~~~ o 5 0<3 

5- 3
$ 

I

__________ o

-

~~ -c 3 D O

3 0)
1 1 I I I I j al’ l .a

3 3 3 3 3 1 00
-a _. .4 .4 ~ 1 — — .4 —

l$1~d $5 IS (ft4t ~IIg) $~M3L NOILV3III1d~ V ~ViSflV3 OOIV3d IVONS O1th~~O~

t

— 59-.

- - .-- - - 5 - - -‘ - --- - - —~~ ~~~ • - - - ~~~--~~~~~- . -

_ _ _ _  

-

- 
-:- 

- ~~~ ----.!h- 
~~~~~~~~~



‘.~ ~~~~~~~~ - r ~~~~~~~~‘~~~~ ‘ ‘  -

1
-I 1 I I I I I

_.l --i 0 .—I

ci 0
— 

~~~~~ . 4 5a

C I)
~~~~~~~~~~~~~~~ : -~~~~~~

- 

j 1  
:i
~~~~~~~.%..1 ~~~~~~~~~~~~;I~~~~~~~~~~~~~~~

in
a 0 a . 4 1 0 5 —l

0 00 1.a 5

~ b’~~’ a ~~~ 1-.a C O 0 5
a ~~ 0 - 0 5 ’ a - i O

~~ t-a-I -~ 4 P

~~~ °1~~ ~~~~~~~~~~~~~~~~~~

~~~ i : ~~~~~~~

’

~~~~~~~~~~~~~~ . 0 ~~

~~

...
~~ (3 0 ~-4 ~~~ .0 0) 0) 0

= Ml

‘•(3 

~<3 a

$ - 3  0)~~~~ 0 C O O
(3 <3 a0.

U ‘ 1 . 45 . 4 5 5
1-4 00 0 0 0

S ‘4  4 “-4 .0
a U ) E 0 . 0) 1 -~~~CC

-~~~~~~

•

~~~~~D O
a)

a

( D  

~~ ~Su5 $~~53j ~3WIO3d’1) a3VIVfl$
I

—60—

-

I j - —5--—

__________ -



— .5-- r~~~fl 
—----5-- - - -  

—— -.------,--- ‘-5--— -.----- ‘-- ---.---—--—----- --------— 5-: —-- - - ----- ---—- - —----- — -- —-- -  5-—— —w .-—--—---- fl - --—_ ., -5-- -

~~~~~~~~ a-, 1_ — — ..5-- —

-
~~ the points is very similar to those seen in the two previous figures.

In Figures 33—35 we also plotted the separate EUS and WUS lines derived
by regression between the short period magnitude residuals and crustal am—

plification terms or surface impedance terms, respectively. These lines are

based on a regression analysis described later in this report. The shift

between the two lines represents an average EUS—WUS magnitude bias for the

station networks used by Booth et al. (1974).

An anomalous point is MOlD, which seems to group with the EUS stations

due to its +0.4 residual as given by Booth et al. (1974). This station is

located in a missile silo on unconsolidated silty—clayey deposits. In corn—

puting the crustal amplification, we assumed a compressional velocity of

1.5 km/sec for the surface material. Although this figure is quite low, it

could be even lower. Attempts to move this point into the WUS population by
lowering the velocity failed. Probably the difference reflects the effects

of the dense missile silo on the silt “spring”. However, without more

detailed spectral analysis of this station we cannot reject the hypotheses

that beneath MOlD is a Q structure characteristic of the EUS or that a

powerful focusing effect due to non—plane—parallel layers is operative.

To derive the foregoing regression lines we set up the following three

linear hypotheses to evaluate the relative dependence of the short period

magnitude resiudals Am~
” of Booth et al. (1974), on the crustal amplification

terms log10(SP5), log
10

(SP5O) , and quantity log
10
/P~u

3; and on t* which is
taken as .2 for EUS and .45 for WUS.

1) m~
” a + b log

10
(SP5) + ct*

2) m.D 
= a + b 1og10(SP5O) + ct*

3) m~
” = a + b log10/p8cz5

3 + ct*

The three stations not belonging to either the EUS or WUS are disre-

garded In this analysis. The coefficient of t’~ is expected to be about

—irf/Ln(l0) = —1.36 for 1 Hz waves. The coefficient is expected to be 1.0

for SF5 and SF50 If the calculations of crustal differential response are

performing on the average as expected and if the assumed source spectrum is

representative of the earthquakes used to determine n~~. For log10/p5a~~we
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would expect a value for b of roughly 0.3 to 0.4 considering the results of

Figures 31 and 32 where, for example, log(SP5O) = — .327 log/p5
ct . The

hypotheses also assign a common slope of b for both EUS and WUS populations in

each case. The quantity “a” is designed to absorb all multiplicative factors ,

which cancel when magnitude differences are considered.

Table III shows the results of statistical analyses. The quantities

shown are: the linear regression coefficients a, b , and c for the three

hypotheses with their 95% confidence limits; the percentage of total var-

iance explained by each individual variable crustal amplification and t*,

and by their linear combination ; and the residual (unexplained) error terms.

The table shows that the hypotheses using both variables can account

for 70—75% of the total variance in magnitude residuals L~m~
’. The coefficients

are different from zero at the 95% confidence interval showing that

crustal amplification is important in determining tim~
’, although by itself

it accounts for only about one—tenth of the total variance. The t~ effect

coefficient “c” is also significantly different from zero, accounting for

more than one—half of the total variance. The coefficient “c” ranges between

—1.25 and —1.35 which is very close to the value —1.36 quoted above.

The product cISt* is theoretically equal to [ir f/Ln(lO)]ât*. With ~St*

.25 we found for SP5O c = 1.35 which implies f = 1. Had we chosen 6t* = .17

(Der et al.,, 1977) c would have become 1.36 x .25/.17 2.00 which would imply

f 1.0 x .25/.17 = 1.47. Through March 1978 the mean values of l/T at RKON

and OB2NV were 1.49 Hz and 1.12 Hz respectively. The mean frequency of 1.3

Hz is in fair agreement with 1.47 considering the approximate nature of the

frequency estimation, our lack of knowledge of the earthquake source spectra
(which influence the amplitude and period differences to a small degree), and

the approximate nature of the mathematical argument which is implicitly being

carried out in the spectral domain instead of the more relevant time domain.

The mean EUS—WUS Am~
’ differential in observed magnitudes implied by our

values of c ranges between .34 to .31 magnitude units. The value of the

coefficient b for Hypothesis 3 is smaller since the surface impedance term

varies over a wider range than the crustal amplification terms. It is also

significant that b is close to unity for the 50 kt pulse which indicates that
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TABLE 111

Hypothesis 1

Independent Residual rms Percentage of total
variables used error (rn.0 units) variance explained

log10(SP5),  t* .12 70

log
10(SP5) .20 13

.15 53

Regression coefficients 
-

a = — .64 H
b = .72 ± .37 (95% conf.) Implied EUS—WUS regional

magnitude bias
c = —1.25 ± .34(95% conf.) &ft.

D 
.31

Hypothesis 2

Independent Residual rms Percentage of total
variables used error (rn,

0 units) variance explained

1og10 (SP5O) , t* - .11 .74

log10(SP5O) .20 .10

.15 .53

Regression coefficients

a = — .83

b = 1.03 ± .43 (95% conf.) Implied EtJS—WUS regional

c = —1.35 ±.32 (95% conf.) - 
magnitude bias

Hypothesis 3

Independent Residual rms Percentage of total
variables used error (rn.0 units) variance explained

log10(/p9ct~ ),  t* .11 .75

log10(/P5I:1~ ) .20 .12

.15 .53

Regression coeff icients

a = .80

b = .35 ± .14 (95% conf.) Implied EUS—WU S regional

c —1.33 ± .31 (95% conf.) 
magnitude bias

- 
-
. 
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crustal amplification for this pulse is a proper estimator for magnitude

residuals. If b were forced to a value of 1.0 in all three hypotheses, then

the highest proportion of variance would be explained by Hypothesis 2. The

small value of b for the 5 kt pulse shows that crustal amplification of this

pulse overestimates the crustal effect. This is due, undoubtedly , to the

high frequency content of this pulse.

Although a great part (up to 75%) of the total variance in ~m~
” can be

explained by the combination of crustal amplification and t~ in all three

hypotheses investigated , the remaining variance is not small. The remainder

can be caused by factors such as the real variation in t~ in both populations,

imperfect crustal modelling, crustal focusing, etc. It also reflects the

inherent variability of time—domain amplitude measurements well demonstrated

by variation of amplitudes across LASA and NORSAR, see e.g., Klappenberger

(1967) , Blandford (1974), Chang and von Seggern (1977).

In Figure 36 we see that the observed variation of long—period residuals

is much greater than can be explained by crustal structure, and there is no

EUS—WUS separation. Evidently focusing and other effects are dou inant.

Klappenberger, F. (1967). Distribution of short—period P phases over LASA,
Seismic Data Laboratory Report 287, Teledyne Geotech, AD 815—580.

Blandford, R. (1974). Short period signal to noise ratio at NORSAR, SDAC—TR—
74—13, Teledyne Geotech, ADA 015650.

Chang, A. and D.von Seggern (1977). A study of amplitude anomaly and tUla bias
at LASA subarrays, SDAC—TR—77—ll, Teledyne Geotech, Alexandria, Va.
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