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SUMMARY 

A model of the structure under the Warramunga Seismic array, 
i n Northern A u s t r a l i a , was deduced from a study of the surface 
wave dispersion. The waves had periods of a quarter to one and 
a h a l f seconds and originated from mine blasts approximately 
t h i r t y kilometres from the array. The dominant mode observed 
was. t e n t a t i v e l y assumed t o be the f i r s t higher Rayleigh mode. 

Dispersion curves were obtained using a number of techniques 
and a layered s t r u c t u r e , dipping to the south-east was postu
l a t e d . There was also evidence of a complex structure i n the 
region of the cross-over p o i n t . Both these conclusions are i n 
agreement w i t h previous work. 
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INTRODUCTION 

In t h i s study, an attempt was made to deduce a structure 
"beneath a seismic array "by observing the dispersion of surface 
v/aves. The signals originated from mine-blasting some twenty 
to t h i r t y kilometres di s t a n t from the array, and the periods 
of the waves were "between a quarter and one and a h a l f seconds. 

The Warramunga seismic array i s situated i n the centre of 
the Northern T e r r i t o r i e s , A u s t r a l i a , f o r t y - f i v e kilometres 
south-east of the mining town, Tennant Creek. I t consists of 
twenty Willmore Mark I I seismometers, arranged i n two arms at 
r i g h t angles. The arms are approximately twenty-two kilometres 
long. The structure "beneath the array i s "believed to "be com
plex. 

Although the aim of the experiment was to improve on 
e x i s t i n g s t r u c t u r a l models, i t was more a tes t of the poten
t i a l i t y of surface wave analysis, since the adequacy of t h i s 
technique applied to complex near surface structures i s not 
proven. 
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CHAPTER I 

11 PREVIOUS WORK 
Detailed analysis of teleseismic signals requires a correc

t i o n to "be applied to a r r i v a l times, which i s a function of the 
c r u s t a l structure "beneath the array. I d e a l l y , one hopes to be 
able to assume a homogeneous and symmetrical model. This i s 
f a r from the case at Warramunga. 

A 'residual' i s the difference between a t h e o r e t i c a l ' 
a r r i v a l time f o r an event (calculated from the standard J e f f r e y -
Bullen tables) and the actual a r r i v a l time. The trend of 
residuals across the VVarramunga array are found t o be i n the 
same d i r e c t i o n f o r events located at opposite azimuths. This 
suggests that the deviations are due to the structure beneath 
the array and not to errors i n the Jeffrey-Bullen tables. 

Cleary, Wright and Muirhead ( 1 9 6 8 ) studied signals from an 
event i n South A f r i c a and an event i n the Aleutian Islands and 
used equations developed by Niazi ( 1 9 6 6 ) to calculate a dipping 
structure from residuals. They concluded that a layer dipping - -
at 6 . 5 degrees i n a d i r e c t i o n of 2 3 5 degrees gave the best f i t 
to the data. They also suggested that p a r t i c u l a r l y anomalous 
res u l t s f o r p i t s B1, B2 and R1 were due to a dipping i n t e r f a c e 
r i s i n g abruptly i n the v i c i n i t y of the array cross-over p o i n t . 

Underwood et a l ( 1 9 6 7 ) l e t o f f a timed explosion near the 
end of the Blue l i n e (see Figure 4) a*1*1 observed refracted P 
a r r i v a l s at the p i t s . He concluded that an i n t e r f a c e , 0 . 9 9 

kilometres below the shot, dipped at 5 . 3 degrees i n a d i r e c t i o n 
of 2 0 5 . 5 degrees and separated s t r a t a of 5 . ^ 2 and 6 . 1 0 k i l o 
metres per second. However, i t i s l i k e l y t h a t a model i n v o l v i n g 



a single dipping interface io too simple, because good agree
ment was never obtained between models from residual calcula
tions and Underwood's data. 

Corbishley (PhD thesis 1969) studied a large number of 
events from a l l azimuths and deduced a model where the dip of 
the layer varied from p i t to p i t . Two events from exactly 
opposite azimuths should be effected s i m i l a r l y by the structure 
under the array but w i l l not be i f a dipping layer e x i s t s . 
However, i f the azimuth i s varied u n t i l the ray paths are at 
r i g h t angles to the d i p , the difference i n residuals of the two 
events w i l l be zero. Corbishley p l o t t e d delay time (e.g. 
residual) against azimuth f o r each seismometer and f i t t e d a sine 
curve to the data. 

i s a maximum when the azimuth i s i n the d i r e c t i o n of the dip, 
Corbishley was able to deduce a residual f o r each p i t and the 
v a r i a t i o n of dip over the area. See Figures 1 and 2. Figure 2 
supports a suggestion by Muirhead that the structure under the 
red arm i s more complex than under the blue. 

Although Figure 1 i s an improvement on previous models, i t 
s t i l l only represents a rough approximation to the actual 
structure. Corbishley obtained a b e t t e r f i t by imposing a 
double sine curve on his data. This could be inte r p r e t e d as 
evidence f o r a double layer. However, the i d e a l f i t would be a 
curve w i t h a very complex mathematical expression and the 
physical significance i s completely l o s t . K elly [Personal 

Delay Time t = A + BSin (Azimuth + jzf ) 
where ft - a phase term. 

Since Sin (AZ + jzO i s a maximum when AZ = 90° - QJ and t 
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communication to Greenfield and Sheppard: Bui. Seism. 3oc. Ajiier. 
1 9 6 9 Vol. 5 9 No. 1 ] has shown that a series of layers dipping 
i n d i f f e r e n t d i r e c t i o n s can give r i s e t o i d e n t i c a l residuals to 
a single layer. So no model deduced from residuals can be 
unique. 

12 GEOLOGY 
The array i s situated on a r e l a t i v e l y f l a t a l l u v i a l p l a i n . 

The area where rock outcrops at the surface i s a f r a c t i o n of 
the t o t a l arsa and consequently the geological evidence i s very 
scanty. 

Western and Central A u s t r a l i a were welded i n t o a stable 
shield area before the end of Precambrian times. Synchronous 
batholiths and highly metamorphosed sediments i n the Kimberley 
d i s t r i c t , West Queensland and to a lesser extent i n the Tennant 
Creek area, i s possible evidence of o l d mountain ranges i n 
these regions. These would have given r i s e to sediments f o r 
three major geosynclines, the Pine Creek, Warramunga and 
Carpentaria geosynclines. [See Figure 3 ] 

An orogeny at the end of the Lower Proterozoic marked the 
end of geosynclinal sedimentation and the beginning of the r i s e 
of new mountain chains. These"mountatns-were, i n t u r n , eroded 
i n the Upper Proterozoic and sediments were deposited i n e p i 
continental seas. Since then, the region has been covered by 
shallow seas i n Middle Cambrian and Lower Cretacious times but 
there i s no evidence of any f u r t h e r major geological a c t i v i t y * 

The vVarramunga group i s made up of sandstones, s i l t s t o n e , 
shales, greywacke and mudstone and i s extensively intruded by 
Precambrian granites. [Reference - The Geology of the Tennant 
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Creek One Mile Sheet Area "by P. VY. Crohn and W.Oldershaw "1965] 
According to Crohn and Oldershaw, i n the region of the array, 
3 , 0 0 0 feet of massive sandstone overlies shales and s i l t s t o n e . 
The sediments dip outwards from a granite, suggesting that 
i n t r u s i o n has th r u s t aside the surrounding s t r u c t u r e . 

The existence of a granite complex, south of Tennant Creek 
and west of the array i s known from bore hole data. The major 
phases are p o r p h y r i t i c adamellite and gneissic granite and the 
complex encloses several large "blocks of Warramunga sediments. 
The extent of t h i s complex i s not known, but i n the immediate 
v i c i n i t y of the array, a large granodiorite mass outcrops at 
the surface. 



/ • f c P E K O 

GRANITIC 
C O M P L E X 

7 »B8 

N 
A 

•37 

•36 

»B5 

•B4 5 KM 

UJ 

in 

o83 
S2 

K R2 
o 

B t 

R3 
R4 

R5 
R6 

R7 R8 
«*9 R*o 

09 

+ 2 0 * 0 0 ' S 

F IG 4 



7 

CHAPTER I I 

11,1 SURFACE WAVE THEORY RESUME 
The displacement vector of an e l a s t i c wave i n an e l a s t i c 

s o l i d can he expressed as the sum of a vector and scalar f i e l d . 

The equations of motion of an e l a s t i c s o l i d are s a t i s f i e d i f 

oc and (3 are P and S wave v e l o c i t i e s i n the medium. The general 
solutions of these equations are 

,(tot-tat) ^ o(oJt -feac) + V,̂ . 

T, = C e 4 D-e-

To obtain an equation of motion f o r a plane wave propogating i n 
plane layers above an i n f i n i t e half-space, appropriate boundary 
conditions are applied to the equations of motion of each i n d i 
v idual layer and half-space. The so l u t i o n i s confined to the 
surface by specifying that amplitude must tend to zero as depth 
tends to i n f i n i t y ( i . e . D,D » 0 i n the h a l f space) and the com
ponents of stress i n the plane of the surface are zero. 

At each i n t e r i o r d i s c o n t i n u i t y , there are, i n general, four 
boundary conditions [the c o n t i n u i t y of two stress and two d i s 
placement components]. Each boundary condition gives a homo
geneous l i n e a r equation i n the unknowns, and there are as many 
equations as there are unknowns. The system of equations has a 
solution i f i t s determinant vanishes and the determinant 
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L (c,k) - 0 (X) 
defines the Rayleigh wave 

equation. 
I n the past, the complexities of surface waves have "been 

a t t r i b u t e d to imperfections of e l a s t i c i t y , resonance of c r u 3 t a l 

columns, scattering or a breakdown of c l a s s i c a l wave theory. 
I t i s now clear (Ewing, Jardensky, Press 1959) that l a y e r i n g i s 
responsible f o r nearly a l l surface wave e f f e c t s . In p a r t i c u l a r , 
v e l o c i t y i s a function of period i n equation (X), which i s the 
d e f i n i t i o n of dispersion. 

Equation (X) has appeared i n the l i t e r a t u r e i n a v a r i e t y 
of forms but always as an equation that can be factored and each 
fac t o r = 0 represents a wave type. Two branches of the func t i o n 
e x i s t corresponding to and M2 type propogation. type 
p a r t i c l e motion i 3 retrograde e l l i p t i c a l . Mg typo i s prograde 
e l l i p t i c a l . 

The Rayleigh wave equation may be expressed i n terms of 
hyperbolic functions. As Tanh x tends to zero, x w i l l tend t o 
an i n f i n i t e number of TC terms. Thus the function remains 
o s c i l l a t o r y and an i n f i n i t e number of solutions e x i s t , corres
ponding to an i n f i n i t e number of higher modes, subject to the 
requirement that (S^y C > [3, . The fundamental Rayleigh mode and 
the f i r s t and second higher modes are usually i d e n t i f i e d w i t h 
M11» IlI21» M12 m o d e s respectively. [Mhm where n a 1 or 2, 
retrograde/prograde; m = mode number.] 

At the short and long period l i m i t s , the fundamental mode 
phase v e l o c i t y tends to the phase v e l o c i t y i n the upper layer 
and substratum respectively. However, the l i m i t i n g values f o r 
the higher modes are the shear v e l o c i t y of the upper layer and 
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substratum. 
For the case of a clipping layer or wedge, no exact s o l u t i o n 

of the Rayleigh wave equation has "been developed. I t i s , there
f o r e , necessary to approximate a dipping structure to one or 
more constant thickness layers. Various workers have found t h i s 
approximation to be j u s t i f i e d i n pr a c t i c e . [Reference: McEvilly 
and Stavder S. J.; Geophysics Vol. 3 0 , A p r i l 1 9 6 5 . ] 

The amplitude of Rayleigh waves decreases exponentially 
with depth. A Rayleigh wave of wavelength, X , i s e n t i r e l y 
unaffected by the medium at depths greater than X . Therefore, 
the dispersed surface wave t r a i n gives some i n d i c a t i o n of the 
v e r t i c a l v e l o c i t y changes i n the crust. 

A Rayleigh wave t r a i n may be considered as r e s u l t i n g from 
the interference of an i n f i n i t e number of sinusoidal waves, each 
t r a v e l l i n g w i t h i t s ov/n p a r t i c u l a r phase v e l o c i t y . The d i s 
persed wave packet w i l l be continuously changing w i t h time and a 
peak wi t h a c e r t a i n period and group v e l o c i t y w i l l c o n t i n u a l l y 
reappear as i t s component sinusoids go through a cycle of con
s t r u c t i v e and destructive interference. 

The equation f o r phase v e l o c i t y [Reference - Brune, Nafe 
and Oliver - Journal Geophys. Res. Vol. 6 5 . pp.288] i s 

Ct - x = (N ± jr - £s ) X 
S 2. I T 

[ <fio i s the source phase, N i s an integer corresponding t o the 
number of interference cycles over the propogation time t ] 

Unless phase at the source i s known or neglected, phase 
v e l o c i t y can only be obtained by an i n t e r - s t a t i b n method. 

C - • A x (Y) Ab - KIT 
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A x s distance "between two seismometers. 
A t s difference i n a r r i v a l time. 

T s period, N. s integer. 
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11,2 PHASE AND GROUP VELOCITY: PRELIMINARY DETERMINATIONS 
Figure 5 shows an a r r i v a l at the array of a b l a s t at Peko 

mine which i s t h i r t y kilometres north of the array cross-over 
poi n t , and Figure 6 the same signal a f t e r f i l t e r i n g . P, S and 
Rayleigh wave a r r i v a l s are c l e a r l y v i s i b l e , and the dispersive 
nature of the surface v/aves i s apparent from Figure 6. No Love 
wave mode can "be present on the record, as the array consists 
e n t i r e l y of v e r t i c a l instruments and there i s no v e r t i c a l com
ponent of p a r t i c l e motion i n Love wave propogation. 

F i f t e e n Peko events were selected from the 1967 h e l l i c o r d e r 
records. The analogue information was played out from twenty-
four track magnetic tape. The hand-pass f i l t e r s available had 
a 2k d e c i b e l l per octave r o l l o f f and the records were f i l t e r e d 
at a h a l f to four cycles per second. Graph 7 shows the phase 
response of the f i l t e r s . 

The l o c a t i o n of the events was checked by c a l c u l a t i n g • 
a r r i v a l times of S and P waves assuming Underwood's model and an 
o r i g i n at Peko and comparing observed and calculated a r r i v a l 
times. Agreement to w i t h i n one kilometre was obtained i n a l l 
cases and t h i s was considered s u f f i c i e n t confirmation of a Peko 
o r i g i n , p a r t i c u l a r l y as no other mines nearby were believed to 
be operational. 

Underwood obtained agreement between observed and calcu
l a t e d a r r i v a l times to w i t h i n 0.01 seconds using equation (z) 
and his postulated model values. 

T.T. B (2h CosG 4- A3 Cos Sin 9 ) Cos i (travel time) 
V 

1 / 2
 V 1 

-f AJL (1-Cos 2^ S i n 2 8 ) , T (Z) p u " $ O — i t ) 
DIP DN baring of 
205.5 d t h p i t 
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K m depth under shot 
A j = d i s t a n c e to j * * 1 p i t 

Q cs t r u e d i p 

= 5«^+2 k i l o m e t r e s per second 

Vg = 6.10 k i l o m e t r e s per second 

Using equation (z) f o r the Peko events, the c a l c u l a t e d and 

observed d i f f e r e n c e i n a r r i v a l times at separate p i t s agreed to 

w i t h i n i 0.15 seconds. Therefore the o r i g i n time of the 

events, c a l c u l a t e d from (z) was assumed to "be 2.75 seconds p r i o r 

to the a r r i v a l of the P wave a t B10 w i t h an e r r o r of ± 0.10 

seconds. 

GROUP VELOCITY 

Normally, the most a c c u r a t e method of measuring a r r i v a l 

times and p e r i o d s from a seismogram i s to number the peaks i n 

the d i s p e r s i o n wave pocket, p l o t peak number a g a i n s t a r r i v a l 

time of the peaks, and smooth.. The g r a d i e n t of the tangent to 

a p o i n t on the smoothed curve i s the p e r i o d corresponding to a 

p a r t i c u l a r a r r i v a l time. T h i s method was not found t o b e s a t i s -

f a c t o r y f o r t h i s very s h o r t p e r i o d d a t a . Any d e v i a t i o n s from a 

smoothed curve a r e , i n t h e o r y , due to measuring i n a c c u r a c i e s or 

minor h e t e r o g e n e i t i e s i n the e a r t h ' s c r u s t . For very near s u r 

f a c e d i s p e r s i o n , i t i s l e s s l i k e l y t h a t c r u s t a l h e t e r o g e n e i t i e s 

w i l l be minor, and smoothing a t t h i s stage l e a d to l a r g e e r r o r s 

i n the p e r i o d v a l u e s , p a r t i c u l a r l y as the p e r i o d s v a r i e d very 

l i t t l e . I f higher modes were p r e s e n t , a l e s s r e g u l a r v/ave t r a i n 

would be expected, and smoothing might have d i s t o r t e d the d a t a . 

I n a d d i t i o n , there was c o n s i d e r a b l e u n c e r t a i n t y i n the numbering 
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of the peaks i n r e g i o n s of low s i g n a l to n o i s e r a t i o . 

I n p r e f e r e n c e , a method suggested by Grampin [Higher Modes 

of S e i s m i c Surface WaveB Geophys. J o u r n a l V o l . 9, 196U] was 

used. T h i s i s not only more exact "but provides a d i r e c t measure 

of the e r r o r s i n h e r e n t i n the a n a l y s i s . The p e r i o d and a r r i v a l 

time of each c r e s t was measured s e p a r a t e l y and p l o t t e d . F i g u r e 

8 shows the p l o t f o r nine events a t p i t Blue One. T h i s graph 

was then smoothed and the v a l u e s from the smoothed curve used 

to p l o t a group v e l o c i t y a g a i n s t p e r i o d graph. F i g u r e 8 g i v e s 

a d i r e c t i mpression of the e r r o r s i n the i n t e r p r e t a t i o n and 

d e f i n e s the e r r o r b a r s i n F i g u r e 9. 

DISCUSSION OF ERRORS 

A c e r t a i n s c a t t e r i n the a r r i v a l time vs p e r i o d graph i s 

i n h e r e n t i n the method because a r r i v a l time i 3 not n e c e s s a r i l y 

e q u i d i s t a n t between two c r e s t s . T h i s e r r o r was e s t i m a t e d as 

± 0.1 seconds. The seismograms were measured to an a c c u r a c y 

of ± 0.05 seconds. T h i s i s a f i g u r e embracing the n o i s i e s t 

p o r t i o n s of the t r a c e , t 0.02 i s a more average e s t i m a t e . 

The e r r o r i n o r i g i n time of i 0.1- seconds has a l r e a d y been 

mentioned. The phase at the source can l e a d to s i g n i f i c a n t 

c r e s t displacements, p a r t i c u l a r l y f o r deep e v e n t s . Although the 

o r i g i n time i s r e l a t e d to the e p i - c e n t r e , a R a y l e i g h wave i s not 

considered to e x i s t u n t i l the compressional wave reaches the 

s u r f a c e , o r u n t i l x > h Tan 0 [see diagram and Ewing, 

Jardensky, P r e s s p.60] 
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The source phase i s r e l a t e d to p o s i t i o n P. T h i s e r r o r i s known 

to "be s m a l l and i n t h i s experiment was n e g l e c t e d , [h assumed 

to "be s m a l l . ] 

The phase s h i f t s due to v a r i a t i o n s i n the seismometer 

c h a r a c t e r i s t i c s would introduce f u r t h e r e r r o r . Muirhead (PhD 

t h e s i s 1967) c a r r i e d out a computer s i m u l a t i o n of the V/illmore 

IvQc I I phase response and found t h a t an e r r o r of 0.0k seconds may 

"be introduced f o r a s i g n a l of frequency 1 cps. The phase r e s 

ponse of the f i l t e r s used i n the playout equipment are shown i n 

F i g u r e 7- The data has "been c o r r e c t e d f o r t h i s s h i f t . P r e v i o u s 

workers have checked the equipment f o r pen misalignment and the 

p o s s i b l e snaking of the tape p a s t the pick-up heads, and have 

found the e r r o r s to be i n s i g n i f i c a n t . 

Any h e t e r o g e n e i t y i n the c r u s t , c a u s i n g r e f l e c t i o n s and 

r e f r a c t i o n s , or any a n i s o t r o p y , w i l l give r i s e to f u r t h e r s c a t 

t e r . T h i s i s to "be expected f o r the n e a r s u r f a c e s t r u c t u r e 

under i n v e s t i g a t i o n . There may a l s o have "been s l i g h t d i f f e r 

ences i n l o c a t i o n of the events throughout Peko mine and t h e r e 

f o r s l i g h t l y d i f f e r e n t propogation p a t h s . 

Near to an event, the s u r f a c e wave packet i s e f f e c t i v e l y a 

f o u r i e r transform of the source f u n c t i o n . As the wave progresses, 

the d i f f e r e n t modes separate out. The a r r a y i s too c l o s e to 
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Peko f o r any mode s e p a r a t i o n to be immediately apparent. The 

wave packet may r e p r e s e n t the summation of the s i n u s o i d s from 

v a r i o u s modes. Therefore i t i s reasonable to expect a s c a t t e r 

i n p e r i o d from a smoothed c u r v e . 

INTERPRETATION 

F i g u r e s 10-13 show the group v e l o c i t y curves f o r a l l the 

seismometers. The only t r e n d t h a t emerges [see F i g u r e 8-9] i s 

a p o s s i b l e lower near s u r f a c e ( s h o r t p e r i o d ) v e l o c i t y to the 

n o r t h of B6 than to the south. The f a l l i n the upper l i m i t c u t 

o f f a t B8 and B9 simply r e f l e c t s the f a c t t h a t s h o r t p e r i o d s 

emerge f i r s t from the transform of the source f u n c t i o n and B9 

i s a mere 17 k i l o m e t r e s from the mine. 

As a l r e a d y mentioned i n Chapter One, a g r a n i t e complex 

e n c l o s i n g l a r g e b l o c k s of Warramunga Sediments e x i s t s to the 

west of the a r r a y . Maps prepared by the Bureau of Mineral 

Resourses, A u s t r a l i a , t e n t a t i v e l y draw i n the e a s t e r n boundary 

of t h i s complex i n the r e g i o n of the a r r a y . I t i s p o s s i b l e t h a t 

the lower near s u r f a c e v e l o c i t i e s o f B6, B7, B8 and B9 may be 

a t t r i b u t a b l e to a g r a n i t e f r e e propogation path. 

A programme developed by H a r k r i d e r was used to o b t a i n 

t h e o r e t i c a l d i s p e r s i o n curves f o r R a y l e i g h waves propogating 

through a d e f i n e d h o r i z o n t a l l a y e r e d c r u s t a l model. [See 

Appendix A j The d e n s i t y used i n the computer models was 2.8 

g/cc, constant over the depths c o n s i d e r e d . F i g u r e 1*4- shows a 

number of t h e o r e t i c a l curves superimposed on the Blue One group 

v e l o c i t y confidence l i m i t s . A component wave wi t h a p e r i o d T 

and v e l o c i t y C w i l l have a wavelength of (C x T ) . Due to the 

e x p o n e n t i a l decay of amplitude w i t h depth, i t i s g e n e r a l l y 
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assumed t h a t the wave propogates through a s u r f a c e l a y e r which 

i s approximately ( V 3 x C x T) k i l o m e t r e s t h i c k . T h e r e f o r e , 

the depth of i n t e r e s t i n t h i s problem was roughly three k i l o 

metres o 

A l l the fundamental mode models t r i e d , tended to have t h e i r 

c h a r a c t e r i s t i c group v e l o c i t y minima i n the p e r i o d range con

s i d e r e d . I t i s a common f e a t u r e of seismograms t h a t the e n v e l 

ope of waves w i t h the maximum energy i s a s s o c i a t e d w i t h a m i n i 

mum of group v e l o c i t y . T h i s i s simply "because, i n the r e g i o n 

of a t u r n i n g p o i n t , a wide "band of pe r i o d s have approximately 

the same v e l o c i t y and hence the same a r r i v a l time. T h i s maxi

mum amplitude peak (or peaks) i s known as the A i r y phase. 

I t i s t h e r e f o r e encouraging t h a t the c r e s t s w i t h maximum 

amplitude f o r t h i s data correspond to the group v e l o c i t y minimum 

of a d i s p e r s i o n curve f o r an expected average c r u s t a l model. 

T h i s i s not to 3 a y t h a t a l l the computed p o i n t s can simply "be 

con s i d e r e d as A i r y phase. Near to the source, the source f u n c 

t i o n transform and the A i r y Phase are as one. As the wave pro

g r e s s e s , the d i f f e r e n t f r e q u e n c i e s are e f f e c t i v e l y emerging from 

the A i r y Phase. 

F i g u r e 1U shows t h a t the b e s t but by no means unique f i t to 

the data were w i t h a f i r s t h i gher mode. I n f a c t no fundamental 

mode model gave r i s e to the r e q u i r e d curve steepness over the 

period, range c o n s i d e r e d . T h i s suggests t h a t the dominant mode 

emerging from the A i r y phase may be the f i r s t R a y l e i g h mode. 

So the smoothed curves of F i g u r e s 10-13 should not be con

s i d e r e d as the d i s p e r s i o n curves of one mode. Rather, they are 

more l i k e l y to be an average p l o t of the i d e n t i f i a b l e a r r i v a l s ; 

the A i r y phase, p o s s i b l y the f i r s t h i g h e r mode, and i n theory' 
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an i n f i n i t e number of higher modes that may or may not be 
detectable. The prominence of d i f f e r e n t modes may also vary 
from one event to another. 

The experiment would have been greatly enhanced i f some 
method of p o s i t i v e mode i d e n t i f i c a t i o n had been possible. The 
simplest method would have been to observe the r e l a t i v e p a r t i c l e 
motions i n the propogated wave w i t h a three component set of 
seismometers. However, no three component set was available. 

PHASE VELOCITY 
By v i r t u e of the method of c a l c u l a t i o n , [see equation Y] 

i n t e r - s t a t i o n phase v e l o c i t y i s a func t i o n of the structure 
between the two st a t i o n s . Considering the earth as a f i l t e r : 

f 2 ( t ) = H(p) f ^ t ) 
where H(p) i s the c r u s t a l t r a n s f e r f u n c t i o n . 

^ 2 ^ ^ - signal at output : seismometer 2. 
f ^ ( t ) = signal at input : seismometer 1. 

The event should be i n l i n e w i t h the seismometers. However, i n 
t h i s experiment, ray paths to two adjacent seismometers only 
diverged by approximately 3 degrees. So i t was assumed that the 
cru s t a l t r a n s f e r f u n c t i o n was constant over t h i s l i m i t e d arc. 

Tv/elve events were used to obtain phase v e l o c i t y dispersion 
p l o t s corresponding to : B1 to B3, B3 to BU, BU to B5, B5 to B6, 
B6 to B7, B7 to B8, B8 to B9, B9 to B10. A large scatter was 
obtained on a l l the graphs, e f f e c t i v e l y masking any possible 
dispersion trend and rendering the graphs uninterpretable. The 
available frequency bandwidth was r a r e l y greater than O.k to 0.9 
seconds. This s t r i c t l y l i m i t s any analysis because only a small 
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portion of a dispersion curve may be i d e n t i f i e d . A3 the d i s 
tance from the source increases, more frequencies separate out 
and the increased "bandwidth leads to a more complete dispersion 
curve. 

Apart from the phase at the source error v/hich cancels out, 
causes of scatter would be the same as f o r group v e l o c i t y . I t 
was assumed that the distance between p i t s was not s u f f i c i e n t 
f o r the next interference cycle to have emerged and so N i n 
equation (Y) was always put equal to zero. 

Most of the wide scatter may be a t t r i b u t e d to the measure
ment e r r o r . Since a difference of two values was being 
measured, the l i m i t s quoted of ± 0.02 and i 0.05 seconds be
come, by the summation of errors ± 0.03 and ± 0.07 seconds and 
t h i s glvoo r i s e to poooiblo v e l o c i t y uncertainties of 0.06 and 
0.15 kilometres per second respectively. 

In t h i 3 chapter, the l i m i t a t i o n s of standard eye-ball 
techniques applied to near event, short period data have been 
discussed. So f a r , a l l that has been revealed i s a suggestion 
that the surface wave dispersion might have resulted from a 
structure approximating to the Underwood model. For the remain
der of the study, the techniques of f o u r i e r analysis and velo
c i t y f i l t e r i n g were applied to the data i n an attempt to 
increase the observable bandwidth and separate out the modes* 
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CHAPTER I I I 

111,1 THE SEPARATION OP MODES BY VELOCITY FILTERING 
The fundamental requirement f o r any f u r t h e r analysis i s the 

separation of the modes. Essentially, the modes d i f f e r i n 
v e l o c i t y , and an array of seismometers enables data to be f i l 
tered i n azimuth and v e l o c i t y using delay/sura/correlation tech
niques. No sharp c o r r e l a t i o n would "be expected, since the 
surface wave v e l o c i t i e s varied over the array area. However, 
summation resul t s i n a signal to noise gain of JN1, where N i s 
the number of seismometers [gain approximately U.3 f o r Warramunga] 
and i t was hoped t h a t a r r i v a l s disguised i n the noiae might be 
revealed. 

Velocity f i l t e r i n g was car r i e d out, using a specialised 
hybrid computer, the Aldermaston Seismic Array Data Analyser 
(SADA). See Appendix B1. Runs were ca r r i e d out f o r two events, 
w i t h and without i n i t i a l f i l t e r i n g at a h a l f to four cycles per 
second. Figures 15 and 16 show two of the outputs. Figure 15 
shows c o r r e l a t i o n centred at 3.1 kilometres per second and 
s l i g h t c o r r e l a t i o n around 2.2 to 2.k kilometres per second. The 
same trend i s r e f l e c t e d i n the u n f i l t e r e d t o t a l sums of Figure 
16. 

I t i s tempting to i n t e r p r e t these r e s u l t s as evidence of 
two modes. However, SADA assumes a plane wave f r o n t whereas the 
azimuths from Peko to d i f f e r e n t p i t s vary by up to 37 degrees. 
So, a curved wave f r o n t modification was w r i t t e n i n t o the SADA 
programme [see Appendix B2] and the two events were run again. 
The dominant wave packet s t i l l correlated strongly at approxi
mately 3«1 kilometres per. second. The second c o r r e l a t i o n was 
less w e l l defined but s t i l l observable. 
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I t i a possible that the secondary peak could be due to 
coherent noise or a r e f r a c t i o n of the surface wave at some major 
v e r t i c a l s t r u c t u r a l d i s c o n t i n u i t y . However, subject to t h i s 
uncertainty, i t i s t e n t a t i v e l y concluded that the lower v e l o c i t y 
peak may correspond to the fundamental mode and the major cor
r e l a t i o n to the dominant f i r s t Rayleigh mode. The actual velo
c i t y values have l i t t l e significance as they only represent some 
kind of weighted mean over the e n t i r e area of i n t e r e s t . 
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I I I , 2 GROUP VELOCITY DETERMINATION BY FOURIER METHODS 
A technique capable of resolving complex signals v/hich are 

composed of several periods, a r r i v i n g at a recording s t a t i o n 
almost simultaneously ha3 been developed by Dzienon3ki, Bloch 
and Landismann [ B u l l . Seism. Soc. Am. Feb. 1 9 6 9 ] * In a d d i t i o n , 
the f o u r i e r analysis incorporated i n the method enables broader 
portions of the dispersion present to be recovered than i s 
observable by eye. Two Peko events v/ere analysed using a pro
gramme based on t h i s method which was w r i t t e n by C. Blarney and 
A. Douglas [UKAEA Blacknest], 

The seismograms, f i l t e r e d at a h a l f to four cycles per 
second were d i g i t i s e d at an i n t e r v a l at 0 . 078 seconds. I t 
would have been preferable to avoid the phase d i s t o r t i o n caused 
by f i l t e r i n g , f o r at the time of use, no instrument correction 
option had been w r i t t e n i n t o the programme. However, the 
nuiquist frequency sampling i n t e r v a l required f o r an u n f i l t e r e d 
record would have been outside the l i m i t s of the equipment 
available. The traces at each p i t i n the array were analysed 
separately. 

AMPLITUDE SPECTRA 
Figure 17 shows the amplitude spectra of an event f o r s i g 

nals a r r i v i n g at p i t s B 1, B3, BU, B 6 , B 8 , B 9 , R1, R5 and R9. 
The i n s t a b i l i t y at high frequencies i 3 due to d i g i t i s i n g e r r o r . 
The Rayleigh wave energy i s peaked at approximately 1.5 cycles 
per second and the sharp decrease i n amplitude to the r i g h t of 
the peak i s due to the high frequency cut o f f of the play out 
f i l t e r . A l l spectra have a minimum at approximately 0 . 7 cycles 
per second and a secondary peak at the lower frequency end of the 
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spectrum. 
The general pattern of these spectra i 3 adequately explained 

"by Figures 13 and 19. Figure 18 shows the noise spectrum at 
Warramunga p l o t t e d as the t o t a l sums of the spectra at a l l the 
seismometers. [Reference - A.W.R.E. Report - A comparison of 
the short period seismic noise at the Four UKAEA type arrays 
and an estimation of t h e i r detection c a p a b i l i t i e s ] The p l o t 
was obtained from analysis of t h i r t y minute samples of back
ground noise taken from the 1966 records. Note the minimum at 
0.6 cycles per second. Figure 19 shows the seismometer response, 
the playout f i l t e r response and the noise spectrum superimposed 
on each other. The amplitude values of the three curves are 
a r b i t a r y . Figure 20 shows the re s u l t a n t of Figure 19 alongside 
the amplitude spectrum at B8. From the good agreement, i t i s 
concluded that the secondary peak on a l l the spectra i s due to 
microseismic noise. Any extension of a group v e l o c i t y curve 
above 0.7 cycles per second (l.k seconds period) and below bi
cycles per second (0.25 seconds period) must therefore be ignored. 

The good agreement also suggests that the source f u n c t i o n 
i s an impulse w i t h a f l a t frequency spectrum. This i s to be 
expected f o r a mine b l a s t . 

Figure 17 shows the o v e r a l l consistency of the amplitude 
spectra i n comparison with the deviations i n spectrum B1. I t 
was mentioned i n the theory that some inhomogeneity may e x i s t 
under the cross-over p o i n t . Therefore a possible cause of the 
modulation of the B1 spectrum may be interference of r e f l e c t e d 
and refracted waves scattered from a complex s t r u c t u r e . 
[Reference Pilant & Knopoff B u l l . Seism. Soc. Am. Vol. 5^] 
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GROUP VELOCITY 
Tho output from tho computer i s a group v o l o c i t y / p o r l o d / 

energy matrix. Figure 21 shows the matrix f o r p i t D1 w i t h 
r e l a t i v e energy contoured at 5 cLB i n t e r v a l s . A ridge i n t h i s 
p l o t represents a dispersion curve. The p l o t 3hows that one 
mode i s very dominant at these periods although there i s some 
evidence of a lower mode emerging at the bottom r i g h t hand 
corner. Figure 22 shows the curve, of the dominant ridge f o r 
two events, superimposed on the group v e l o c i t y p l o t of Chapter 
Two. Tho trend of the group v e l o c i t y curveB f o r the two events 
were s i m i l a r at a l l the p i t s . The difference i n v e l o c i t y v a l u e s 

was a t t r i b u t e d predominantly to the e r r o r i n o r i g i n time and 
p o s i t i o n . I d e a l l y , an experiment of t h i s type needs timed 
explosions. 

Figures 23-26 are the group v e l o c i t y curves f o r the arrivals 
at each p i t . The curves could "be subdivided i n t o three general 
types; a p o s i t i v e gradient w i t h a point of i n f l e c t i o n at 
approximately 1.0 second as i n B1, B3, B9, R1, R2, R6; a w e l l 
developed maximum followed by a negative gradient as i n B7, B8, 
R3 and R5; a smooth curve w i t h one w e l l developed minimum as i n 
Rk, R6 and R10. | 

I t must be emphasised that the e n t i r e analysis i s based on 
the assumption that the theory f o r waves i n a h o r i z o n t a l l y 
layered medium may be assumed to apply to near surface, i n e v i t 
ably complex structures of dipping, undulating and possibly 
f a u l t e d beds. Phase changes have been shown to occur due to 
back sca t t e r i n g from a dipping interface Uvnopoff and Mai; 
Journ. Geophys. Res. Vol. 72 pp.1769] and when a wave crosses a 
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v e r t i c a l d i s c o n t i n u i t y [Alsop; Journal Geophys. Res. Vol. 72 
p p . 2 1 6 9 ] . There must "be a point when approximating to a simple 
theory looses i t s v a l i d i t y . I n t h i s study i t has "been assumed 
that to a wave of approximately three kilometres wavelength, 
the structure appears to have the required s i m p l i c i t y . 

INTERPRETATION 
The f o l l o w i n g i n t e r p r e t a t i o n i s e s s e n t i a l l y q u a l i t a t i v e 

and not unique. No d e f i n i t e proof has "been given of the mode 
type observed. An incorrect assumption here, would completely 
invalidate any conclusions. Furthermore, the error "bars on the 
ve l o c i t y values are large (see Figure 22") which l i m i t s exact 
quantitative analysis even i f the correct mode has "been chosen. 
However, the change i n the shape of the curves across the array 
i s s i g n i f i c a n t . 

A wide v a r i e t y of models were fed i n t o the Harkinder pro
gramme s t a r t i n g w i t h the Underwood values. The only fundamental 
mode model whose t h e o r e t i c a l curve came near to f i t t i n g the data 
was MODEL F. (see next sheet) See Figure 2 9 . The i n f l e c t i o n 
point has to he neglected i n t h i s i n t e r p r e t a t i o n . Since model F 
approximates to Underwood's model, t h i s again raises the prevail-, 
ihg doubt a"bout mode type. However, a l l other fundamental mode 
th e o r e t i c a l curves f i t t e d very "badly. They had "broad minima at 
1 . 0 seconds or above and Were too slowly varying. Further 
analysis was therefore r e s t r i c t e d to the f i r s t higher mode. 

Having made t h i s assumption of mode type, i t was possible 
to suggest an explanation f o r the various features of the graphs. 
The higher mode phase v e l o c i t y curve of a layer over a h a l f 
space tends at i t s extremities to the shear v e l o c i t i e s i n the 
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two media. The p o s i t i o n of maximum gradient i s midway "between 
these values. On d i f f e r e n t i a t i o n , the r e s u l t i n g group velo
c i t y curve has a minimum corresponding to the maximum phase 
v e l o c i t y gradient. I n general the shape i s l i t t l e d i f f e r e n t 
f o r a three layer model. However, as the thickness of the 
middle layer increases, only the longer periods w i l l he "aware" 
of the existence of a lower d i s c o n t i n u i t y . The shorter periods 
only propogate through a layer over a half-space. The r e s u l t 

i 
i s a point of i n f l e c t i o n i n the phase v e l o c i t y curve. L.See 
Figure 2 7 . ] The d i f f e r e n t i a l of a point of i n f l e c t i o n [ i . e . 
the group v e l o c i t y ] i s a maximum. For a lesser d i s t o r t i o n i n 
the phase v e l o c i t y curve, the resultant group v e l o c i t y maximum 
i s les3 w e l l developed and eventually "becomes a point of i n f l e c 
t i o n . 

Therefore, B 1 , B 3 , B 9 , R 1 , R 2 , R6 and R8 are assumed to "be 
the re s u l t of a three layer s t r u c t u r e , B7, B 8 , 3 3 and B5 a 
three layer structure w i t h a t h i c k middle layer and Bk, B6 and 
B 1 0 a layer over a h a l f space. 

I f t h i s i n t e r p r e t a t i o n i s c o r r e c t , the data confirms 
expectations of a general s t r u c t u r a l dip.towards the south-west 
Figure 3 1 may "be an approximation to the t r u t h . Curve B 9 sug
gests a three layer model, curve B 8 and B7 a progressively 
deepening lower d i s c o n t i n u i t y as the maximum "becomes more 
developed. By B6 the lower d i s c o n t i n u i t y i s too deep to "be 
detected and the structure i s again e f f e c t i v e l y a layer over a 
half-space. B 1 , B 3 and R1 again suggest a three layer model 
so the presence of a f u r t h e r layer i s a p o s s i b i l i t y . The 
region of the cross-over point w i l l be discussed again l a t e r . . 

Since the group v e l o c i t y curve i s a function of the whole 
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wave path from the source, the model i n Figure 31 i s only fea
s i b l e since Pelco i s someway to the west of the Blue l i n e and 
proposition paths vary from p i t to p i t . 

The Red l i n e data i s s i m i l a r to the Blue. I f R6 to R8 

r e f l e c t a three layer structure and R3 and R5 a thickening middle 
layer, then again one can postulate a dip towards the cross
over point as suggested by Corbishley. The three dimensional 
model would then have a general dip i n a roughly south-westerly 
d i r e c t i o n . Although t h i s i n t e r p r e t a t i o n i s f a r from unique, i t 
i s at least i n broad agreement w i t h previous work. 

Figure 2 7 shows the v a r i a t i o n s i n phase v e l o c i t y brought 
about by r e l a t i v e l y minor changes i n the s t r u c t u r a l model. 
Figures 2 8 , 29 and 3 0 show the f i t t i n g of t h e o r e t i c a l curves to 
the data. To obtain phase v e l o c i t y curves w i t h the necessary 
point of i n f l e c t i o n to produce a group v e l o c i t y maximum, i t was 
necessary to postulate a low v e l o c i t y middle layer w i t h a large 
v e l o c i t y step at a r e l a t i v e l y deep second d i s c o n t i n u i t y . 
Unfortunately Underwood's model requires a v e l o c i t y of 6 . 1 0 

kilometres per second at depths corresponding to the low velo
c i t y middle layer. So there i s an incompatability here that 
i s d i f f i c u l t to resolve. 

However, the v e l o c i t i e s of models C and E of U . 9 U / 5 . 3 5 to 
5 . 6 0 / 6 . 5 0 kilometres per second are again i n reasonable agree
ment w i t h previous work, p a r t i c u l a r l y i n view of the necessary 
ho r i z o n t a l layer approximation. 
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111,3 PHASE VELOCITY DETERMINATION BY FOURIER METHODS 
Two f u r t h e r attempts were made to obtain phase v e l o c i t y 

dispersion curves, since i n t e r - p i t phase v e l o c i t y i s dependent 
solely on the point at issue; the structure d i r e c t l y beneath 
the array. 

Signals at a selection of p i t s were d i g i t i s e d and f o u r i e r 
analysed with a f a s t f o u r i e r computer programme, w r i t t e n by A. 
Douglas (U.K.A.E.A. Blacknest). Phase v e l o c i t i e s were calcu
l a t e d from the phase spectra using standard theory, f i r s t pro
posed by Sato [ B u l l . Earthquake Res. I n s t . Tokyo Univ. 33-i+8 
1955J f o r p i t s B1 to B3, Bi+ to B 6 , B6 to B8 and B8 to B10. 
The phase spectra f i r s t had to be smoothed. [ P i l a n t and 
Knopoff B u l l . Seism. Soc. Am. Vol. 3k 136k]. 

Results obtained were suspect. The dispersion curves con
sisted of v i o l e n t v e l o c i t y inversions and maxima and minima 
which would represent the most u n l i k e l y structures. Calcula
tions were repeated without smoothing the phase spectra, incase 
t h i s had introduced undue d i s t o r t i o n . I n a l l cases, completely 
unphysical r e s u l t s were obtained. 

I t would seem that phases are too variable at these short 
periods f o r Sato's method to be applicable. A l t e r n a t i v e l y , a 
v/ide scatter of phase v e l o c i t i e s might r e s u l t from the computa
t i o n f o r a wave t r a i n made up of more than one mode. Smoothing 
might then d i s t o r t the values int o the sharply varying curves. 
In any event, the method and the r e s u l t s were discarded. 

However, some success was obtained using a phase v e l o c i t y 
programme w r i t t e n by C. Blarney and A. Douglas (U.K.A.E.A. 
Blacknest) and based on a method developed by Bloch and Hales 
[New Techniques f o r the Determination of Surface Wave Phase' 
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v e l o c i t i e s : B u l l . Seism. Soc. Am. Vol. 58 No. 3 , June 1 9 6 8 ] . 

The otitput i s again a matrix and Figure 32 shows the phase 
v e l o c i t y cvirves at four locations w i t h the confidence l i m i t s 
as the three d e c i b e l l energy points along the dominant ridge. 

Two features are worthy of note. F i r s t l y , no confirmation 
exists f o r the suggestion made i n Chapter Two that there i s a 
lower near surface v e l o c i t y at the north end of the blue l i n e , 
Secondly, there i s an apparent inversion at the cross-over 
po i n t , c l e a r l y seen i n B3 to R2 and to a lesser extent i n B3 

to B1. I n a region where r e f l e c t i o n s and r e f r a c t i o n s of a sur
face wave occurs, an excentric dispersion curve i s to be expec
ted. Therefore, Figure 32 i s possibly added confirmation of 
the anomalous nature of the cross-over point s t r u c t u r e . 
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CONCLUSION 

The s t r u c t u r a l model deduced from surface wave dispersion 
studies i 3 i n general agreement v/ith e x i s t i n g models. The 
q u a l i t a t i v e and approximate nature of the conclusions i s not a 
r e f l e c t i o n on the l i m i t a t i o n s of the a n a l y t i c a l method. Rather 
i t emphasises the need f o r a planned experiment, instead of an 
analysis of some vaguely convenient mine b l a s t s . The f u l l 
p o t e n t i a l l y of the method could he reali s e d i f the experiment 
were repeated w i t h timed explosions located a l l round the array 
and w i t h some three component sets of seismometers to observe. 
p a r t i c l e motions and i d e n t i f y the mode types. I d e a l l y , the 
experiment could be carr i e d out i n conjunction v/ith a seismic 
r e f l e c t i o n shoot. 

In general there i s no evidence to suggest that the stan
dard techniques of dispersion analysis may not be applied to 
periods less than two seconds. However, the behaviour of sur
face waves when the structure deviates s i g n i f i c a n t l y from h o r i 
zontal l a y e r i n g i s l i t t l e discussed i n the l i t e r a t u r e but is. 
v i t a l to the f u r t h e r development of short period surface v/ave 
analysis. 
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APPENDIX A 
HARKRIDER'S COMPUTER PROGRAMME FOR THE DETERMINATION 

OP THEORETICAL DISPERSION CURVES 

The t h e o r e t i c a l basis f o r the programme i s e s s e n t i a l l y as 
outl i n e d i n the f i r s t part of Chapter Two. The programme sets 
up the matrix equation which i s a function of the phase velo
c i t y , wave number and the four e l a s t i c constants of the c r u s t a l 
layers. An i n i t i a l phase v e l o c i t y and wave number value has t o 
be specified i n the data and the computer carr i e s out an i t e r a 
t i v e proceedure, adjusting the phase v e l o c i t y u n t i l the func
t i o n equals zero. Then a new wave number value i s specified 
and the process i s repeated. Group v e l o c i t y i s obtained from 
the d i f f e r e n t i a t i o n of the phase v e l o c i t y curve. Having 
i t e r a t e d onto the f i r s t root of the f u n c t i o n , the programme, 
i f required, w i l l look f o r the next higher r o o t , specified by 
the requirement that zero w i l l be approached from the opposite 
sign to the f i r s t r o o t. These r e s u l t s define the f i r s t higher 
mode. The programme only caters f o r a ho r i z o n t a l layered 
model. 
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APPENDIX B 

1. SADA ; 

The seismic array data analyser consists e s s e n t i a l l y of 
an analogue input, an analogue d i g i t a l converter, a d i g i t a l 
arithmetic section and a display section. Data i s fed i n on 
multi-channel F.'kl. magnetic tape, demodulated, f i l t e r e d and 
equalised. The data i s then multiplexed, d i g i t i s e d and fed 
d i r e c t l y i n t o a core store. The read out from the core store 
i s c o n t r o l l e d "by a programme held i n a separate store. The 
programme calculates the delay times f o r each p i t , 

"Cn a - [ xn Since , Yn Cos oc] 
— v + V 

oc s azimuth, x, y = p o s i t i o n co-ordinates 
of the p i t s 

f o r a range 
of v e l o c i t i e s and azimuths. The programme input i s on punched 
cards. 

The phased d i g i t a l data i s then fed to a d i g i t a l adder. 
The p a r t i a l sums of the red and blue l i n e are cross-correlated 
and the r e s u l t i s converted "back to analogue, de-multiplexed 
and fed in t o the display section. The display consists of 
twenty traces, corresponding to twenty d i f f e r e n t values of 
ve l o c i t y and azimuth. 

2. SADA PROGRAMME CURVED WAVE FRONT MODIFICATION 
In the diagram "below of the curved and plane wavefront, 

p a r - r Cos 0 
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The delay time c o r r e c t i o n to "be a p p l i e d to each seismometer i o 

t h e r e f o r e , 

"Cn B Th ( 1 - C o s ^ n ) / V 

where T n i s the d i s t a n c e to p i t n from the source, 

- J2^n = (AZIMUTH data r e f e r e n c e p o i n t - AZIMUTH n) 

c u r v e d IOOAJG. 

—I plo-oe u>&i>e. 
(0,0) r 

Therefore the c o r r e c t e d delay time i s 

"C = - [ xn SinOCDRP , Yn COSOCDRP ] - - [ 1-COS(0CDRP-A(JI) ] 
V V V 

CORRECTION FACTOR. 

A subroutine was w r i t t e n t h a t c a l c u l a t e d the c o r r e c t i o n f a c t o r . 

Values of f^n andO^n were obtained from a programme, i n c o r p o r a 

t e d as an a d d i t i o n a l subroutine, which c a l c u l a t e d the azimuths 

and d i s t a n c e s between two p o i n t s on the e a r t h ' s s u r f a c e , given 

the l a t i t u d e s and longditudes of the p o i n t s . A DO loop was 

then w r i t t e n i n t o the main SADA programme which c a l l e d up the 

two subroutines and provided the r e l e v a n t adjustment to each 

d e l a y time. 
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APPENDIX C ' 

INTERPRETATION OP THE CROSS-OVER POINT MAGNETIC ANOMALY 

Fig u r e 33 shows a p o r t i o n of the aeromagnetic map pro

duced "by the Bureau of Mineral Resources, A u s t r a l i a , i n 1962. 

T o t a l magnetic i n t e n s i t y i s contoured at 50 gamma i n t e r v a l s . 

[Tennant Creek - S.E : G- 237-1U June 1962] The contours are 

widely spaced over the r e s t of the a r r a y a r e a . 

The p r o f i l e X-X was i n t e r p r e t e d as r e s u l t i n g from a r i s e 

i n a magnetic "basement, u s i n g an i t e r a t i v e programme developed 

by A l - C h a l a b i [Durham Univ. personnal communication 1969]. 

The programme r e q u i r e d no parameters to be s p e c i f i e d other 

than a g e n e r a l i n i t i a l shape and simply i t e r a t e d towards a f i t . 

The r e s u l t obtained cannot be unique but does r e p r e s e n t a 

p l a u s i b l e model. 

The depth of 2.16 k i l o m e t r e s agrees v/ith other work Lsee 

main t e x t ] and a s i m i l a r basement r i s e v/as p o s t u l a t e d by 

C l e a r y e t a l to e x p l a i n anomalous c r o s s - o v e r p o i n t r e s i d u a l s . 

I t i s a l s o i n t e r e s t i n g to note t h a t C o r b i s h l e y ' s dip d i r e c t i o n s 

a t the c r o s s - o v e r point are d i r e c t l y i n l i n e v/ith the t r e n d of 

the magnetic anomaly. 
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APPENDIX D 
SURFACE WAVE ATTENUATION 

The s p e c i f i c a t t e n u a t i o n f a c t o r , Q, i s the r e d u c t i o n t o a 
dimensionless form o f the more usual measures o f a t t e n u a t i o n . 
Knopoff [Revs, o f Geophys. 196U V o l . 2 No. k] has shown t h a t , 
f o r homogeneous m a t e r i a l , Q may "be considered t o he independ
ent o f frequency. I t f o l l o w s t h a t any v a r i a t i o n o f Q w i t h 
frequency w i l l "be r e f l e c t i n g Q as a f u n c t i o n o f depth. 

Tsai and A k i ( B u l l . Seism. Soc. Am. V o l . 59 pp.275 1969) 

c a l c u l a t e d i n t e r - s t a t i o n Q w i t h surface waves o f p e r i o d range 
15 t o 50 seconds us i n g the expression: 

Qn - T T f n C r g - ^ ) / Ln[ A± J Sin A 1' ] 
U / [ A2 J Sin A 2 ] 

V/here r ^ , r g = distance from source t o s t a t i o n s i n k i l o m e t r e s 
A-i» A2 = distance from source t o s t a t i o n s i n degrees. 
A 1 * A 2 = A l nP l i' t u ( 3- e °? frequency component, f : n read from 

the amplitude s p e c t r a . 

U s group v e l o c i t y a t frequency f n . 

This same expression v/as a p p l i e d t o the Peko data u s i n g the 
amplitude and group v e l o c i t y values from the group v e l o c i t y 
programme (chapter 111,2). I f the amplitude spectra a t these 
periods are too s e r i o u s l y modulated "by surface e f f e c t s or i f 
the s t r u c t u r e i s too inhomogeneous, t h i s simple equation com
p l e t e l y looses i t s v a l i d i t y . 

Figures 3*+ and 35 show the Q p l o t s f o r p i t s B1 t o B3 and 
Bl|. t o B7. The values of Q are a r b i t a r y since no seismometer 
c o r r e c t i o n s were a p p l i e d . A much more r i g o r o u s approach would 
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"be necessary before a meaningful i n t e r p r e t a t i o n i s p o s s i b l e . 
However, the r e s u l t s are encouraging. As expected, i n s t a b i l i t y -
occurs at the short periods and the graphs have a s i m i l a r m i n i 
mum at 1.2 and 1.1 seconds r e s p e c t i v e l y which may r e f l e c t the 
d i p p i n g l a y e r p o s t u l a t e d i n Chapter 111,2. 
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