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Fig. 4 - 8 .  The g eom etry  of the second  node of SV.
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distinguished, but in the p resen t work no sh ea r waves of sufficient c larity  have 

been found, and the theory  is  presented  for re fe ren ce  only. The other node of 

SH motion is  the plunge plane, because motion is  in  th is  plane and th e re fo re  

th e re  can be no m otion norm al to it. In the d irec t zone t  he plunge plane tra c e s  

a line norm al to  the auxiliary  plane through the ep icen tre . The c ro sso v er c irc le  

is however a t a slightly g re a te r  radius than tha t fo r P, by about 12 km  for a 

su rface focus.

The sign of SH is  not changed by condensation, as the sign 

convention is  in  te rm s  of the cen trally  sym m etrical concept of "clockwise from  

above", but the rad iu s of the condensation c irc le  is  now

A « 1.2 h for the adopted model,cn

The sign may always be estab lished  by the following consideration. In the d irec t 

zone the ray  which em erges a t the surface is upgoing a t the focus. Draw the 

surface p ro jec tion  of the ray  as a radius from  the ep icen tre . Draw also  the 

surface pro jection  of the m otion "vector" with sense appropria te  to the side of 

the fault plane being considered. Resolve th is  p ro jected  vector p a ra lle l and norm al 

to the rad ius; if the perpendicular component is  clockwise, SH is positive.

6. D istribution of sign of SV

The fault plane is one node of SV m otion and the other is a 

cone with apex at the focus, which cuts the surface  in  a c irc le . The line joining 

the ep icentre to  the outcrop of the motion d irection  is a d iam eter of th is c irc le .

To dem onstrate  th is fact, consider Fig. 4 -8 . F is the focus,

E the ep icentre, P  the pole of the motion and S a station

Plane PES is horizontal

P E F  is the plunge plane

SEF is the plane of propagation of the ray .

Draw a unit vector M to rep re se n t the motion on the fault. Resolve th is  into P 

in the ray  to the station  and S perpendicular to  th is . Resolve S fu rth er into 

SH , horizontal, and SV in the  d irection of maxim um  slope of the plane norm al
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to  P . It is  req u ired  to  estab lish  the locus of S such that j SV [ « 0 .

But as j SV I 0, SH — S

.*. SH is  in the plane PFS and a lso  horizontal.

.* . SH is  p a ra lle l to  the line SP.

But SH is a lso  perpend icu lar to the plane of propagation, by definition, so SP 

is a lso  perpend icu la r to  th is plane

.* . ESP is  a rig h t angle,

i. e. S is  constrained  to  move on a c irc le  with EP as d iam eter, when | SV | « 0 .

The relationships developed for the radius of the c ro sso v e r and 

condensation c irc le s  fo r SH hold also  for SV, but it  is  im portant to  note that tihe 

sign of SV re v e rse s  on condensation. This is a consequence of the sign conventions; 

"down” is  not a  cen tra lly  sym m etrical concept.

The sign may be determ ined by f i r s t  considering motion in the 

plunge plane, w here th e re  is no SH component. Drawing a te s t  vecto r M in the 

motion d irection , with sense appropria te  to  the side of the fault plane on which 

the station lie s , and a lso  drawing P in the d irec tion  from  focus to  station, it is  

evident that SV is  the  th ird  component of the vecto r triang le , and its  d irection  

is determ ined. The sign convention may then be applied. The sign changes 

on crossing  a node tra c e  and th is  fact allows all regions to  be given a sign.

^  /

7. Theory fo r a dipping M ohorovicic discontinuity ,

The c r itic a l cone has its  axis norm al to  M, and cuts the e a r th ’s 

surface in  an e llip se , on which the re frac tio n  readings a re  condensed. If the 

dip is 6, the m ajo r ax is w ill lie  in the dip d irection , its  ends being a t

and

EB ss h tan  (i -  8 ) c r  '

EA « h tan  (i + 6 ) c r  '

from  the ep icen tre  (Fig. 4-9). The eccen tric ity  is given by

e bb sec i . s in  6 c r
ss 1. 35 sin  6
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Fig. 4 -9 . The geom etry  of the condensation  p ro c e s s  for a dipping 
M ohorovicic d iscon tinu ity .
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Fig. 4 -  10. Pkottfm kcrogrftph ”00) of the C sb rsm urra  r te o rd  o4 the
R errititl«  enrtiu]tt*l*£ of t f t l i  Mmy ^38.



for the velocities of P waves used in the model. The m inor axis is of length

For <5 < 5° , e <  0.12 , so th a t the e llip se  is not very  d ifferent 

from  a c irc le  fo r likely values of dip. The c ro sso v e r locus is  also an e llipse.

The tra c e s  of the nodes a re  unaltered.

Method

The location of the earthquake m ust f i r s t  be determ ined, and the 

depth is especially  im portant; in p rac tice  th is m eans a t le as t two P^ 

readings within a few tens of k ilom etres of the ep icentre . Each rec o rd  is then 

read  for d irection  of motion. As the earthquakes used have to  be la rge  enough 

to w rite  c lea r  signals a t th ree  or four hundred k ilo m etres , it is  common for 

the f ir s t  b reak  to be ex trem ely  sharp  a t the c lo sest sta tions. It may not be 

possible to  decide the d irec tion  of b reak  by ord inary  exam ination, but it  has been 

found tha t exam ination under about 100 X m agnification w ill reso lve the individual 

s ilv e r g ra in s of the photo em ulsion, and allow a d irec tion  to  be estab lished  from  

the few gra ins exposed a t the s ta r t  of the motion. Fig. 4-10 is  a photom icrograph 

of such a reco rd , with f i r s t  m otion up the page.

Even though g re a t care  is  taken in a ll se ism ic  stations to estab lish  

the re la tion  between ground m otion and trace  motion, it is  s till  quite common to 

find som e stations wrongly connected. The b est way of checking seem s to  be to 

read  a num ber of im pulsive beginnings of distant earthquakes a t each station  a t 

about the tim e of the local event of in te rest, and to make use  of the observation  

that adjacent stations usually  have the sam e sign. R iverview, C anberra and 

Toolangi w ere used in the p re sen t work. When these  ag ree  on the d irec tion  of 

motion of an im pulse, a ll the m inor stations of sou th -east A ustra lia  should a lso  

agree, and the inconsistencies which have been found from  tim e to  tim e  have 

always, when checked by tapping the seism om eter, been found to  be caused by 

faulty connections. It is  alw ays necessa ry  to make th ese  checks.



Fig. 4-11. Seismogram showing P and P directions. HLA, 1963 May lt>,

A about 210 km.



TABLE 4-1 .

Date Tim e 
h :m : s

Depth
km

Mag Location

1959 May 18 06:12:59.2 17 5 B errid a le

1962 Aug 26 11:45:36.9 10 2 -3 /4 L erida Creek
11:50:17.7 25 2 -3 /4 South of Gunning
14:07:36.2 18 2 -3 /4 I t

14:07 18 Second shock ”
14:49:54.7 - 2 n

17:24:06.2 - 2 -3 /4 North of Gunning
27 02:19:12.2 8 2 -1 /4 t i

28 19:34:47. 7 5.7 3 IT

29 22:00:49.9 15.4 2 -1 /2 L erida Creek
22:18:03.2 - 2 -1 /2 i t

30 18:17:59.6 - 2 -1 /2 i t

1963 May 15 18:22:36 (see text) 3 -1 /2 South of Gunning
M arch 31 02:27:34. 9 34.9 3 -1 /2 W est of M urrum batem an

June 14 19:23:47.8 1.6 4 -3 /4 Welshpool

1964 Jan  8 23:30:27. 7 14.2 3 -3 /4 Eurabba
Jan  15 01:56:12.4 6 3 Dalton

1965 M ar 18 18:09:31.1 33 (R) 5 E ast of F linders I.
Sep 14 12:34:34.1 H .4 ) 5 .0 Off Lom e
Sep 14 12:53:13 5.7 t i

1966 May 3 19:07:53.1 7 .6 5 -3 /4 Mt. Hotham
Dec 15 19:08:29.1 33(R) 5 -1 /2 South Tasm an Sea.



Occasionally, m ore than one phase can be identified on the se ism o ­

gram  so c lea rly  that its  d irection can be read . This is  the case  with the reco rd  

shown in Fig. 4-11.

With the d irections of ground motion established, it is  only 

n ecessa ry  to plot these on a map, with a t the station  position, and on the 

condensation circ le ,and  to  seek to  draw  two s tra ig h t lines satisfying the pivotal 

condition through the observations. When these  lines a re  fixed, it  is possible to 

scale off dips and s trik e s  of the various elem ents. The 1 : 1 m illion geographic 

se r ie s  m aps, assem bled  into a com posite of the whole of southeast A ustralia , 

have been found ideal for th is , as for o ther seism ological purposes. The d is ­

to rtion  of lines is sm all enough to be neglected in th is  work.

Nodal Solutions

Table 4-1 lis ts  earthquakes for which nodal solutions have been 

attem pted, and 4-3 the solutions obtained. Each shock w ill be d iscussed  in turn .

1. B errid a le

Cleary (1963) found a solution which im plied horizontal th ru s t from  

the southeast -  northw est with a near v e rtica l tension  axis. He chose the fault 

plane as a high angle re v e rse  fault s trik e  50° , dipping 55° to the NW. , the 

northw est side moving up with re sp ec t to the SE.

When the geological work of Lam bert and White (1965) becam e 

available, the p resen t author re-exam ined  the earthquake data, and discovered 

that a tra n sc u rre n t solution could also  be obtained. One plane had a s trik e  very 

nearly  the sam e as the geological s tru c tu re , and m otion was very  nearly  pure 

tra n scu rren t. However, the sense of movement was Right Hand, opposite to 

the d irection  mapped. Lam bert (personal communication, 1967) points out that 

norm al faults on north-south lines cut the T e rtia ry  b asa lts  in the a rea , and that 

this is consisten t with recen t righ t hand slip, but not with left hand slip , which 

m ust have occurred at a p re -T e r tia ry  tim e.

The tra n sc u rre n t and re v e rse  solutions a re  com pared in Fig. 4-12.
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Fig. 4-12. Two possible nodal solutions for the B errida le  
earthquake; 1959 May 18, 06:12:59.2.



2. Lerida Creek Sequence

In August 1962, a swarm of shocks with magnitudes between 2 and 

3 occurred at Lerida Creek, south-east of Gunning and close to the Cullarin 

Scarp at the northern end of Lake George. Because of their interesting position, 

fault plane solutions were attempted, but arrivals were too weak at distant stations 

to give reliable directions of motion, and no unique solutions were found. Table 

4-2 is a list of useable readings, from which it may be seen that although the 

near stations are consistent, the more distant ones are not, and that for Werombi, 

the components of motion are inconsistent as well in some cases.

Table 4 - 2

Date Time Depth DLN INV CAN WER WAM Others

1962 Aug. GMT

26 11 45 12 <P) D weak Pn:U(S)W D CAB (U)

11 50 25 P :D SW  n i l DNW JNL U

14 07 (1) 15 (D) D ((U)) P :US W n D

14 07 (2) 14 - - Pn:D(N)W D

29 22 00 15.4 D D (U) U, (N)

22 18 - D D D U U JIN P : D n
30 18 17 - D D N P :U n

3. Dalton Sequence

The third of these shocks was sufficiently energetic to record at 

Werombi as a P ; up, north and doubtfully west. Dilatations were recorded from 

Dalton, Inveralochy, Jenolan, Avon, and Cabramurra. Of the other two shocks, 

both recorded compressions at Werombi, and the second recorded a dilatation at 

Jindabyne. But almost any combination of planes would fit this distribution.

4. South of Gunning

Neither Dalton nor Inveralochy stations were operating at the time 

of this shock, so that the closest station was Canberra. The computer solution did
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Fig. 4-13. Nodal solution for the earthquake south of Gunning; 1963 May 15, 
18:22:36.
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not converge in depth. But exam ination of the HLA reco rd  showed both P 

and P to  be p re sen t (Fig. 4-11). The separa tion  of these  phases is 2 .1  

seconds, corresponding to a depth of 3 -1 /2  km. P^ is up , but P^ is down.

In Fig. 4-13, t r a c e  1,c" is re s tr ic te d  to s trik e  no m ore than 006° , and dip 

about 27° East, because of the constrain ts im posed by WAM and CAN, but 

could s trik e  anywhere round to due north  and even west of north. The pivotal 

condition, along with the constrain ts  of JNL and CAB fixes the "a" tra c e  to  

s trik e  032° , dip 77° to  the west. This then is  a w ell determ ined solution; 

the p a ram e te rs  a re  lis ted  in Table 4 -3 , w here the m ore certa in  of the solutions 

a re  collected. If Plane "c" was the fault plane, m otion would be a shallow th ru s t, 

east side up, with a left hand tra n scu rren t component. The ra tio  of s trik e  slip  

to  dip slip  would be 0.46, which is a slip  angle of about 65°. On the o ther hand, 

plane "a" would rep re sen t high angle rev e rse  faulting, west block up with a 

m inor righ t hand tra n sc u rre n t component.

The null axis in  th is solution plunges 3 -1 /2 °  to  the eas t of north, 

the com pression  axis is d irec ted  from  the southeast and plunges 10 to  30° , 

and the tension axis is d irec ted  up a t 35° to 55° in d irection  about 250°.

This earthquake is not fa r from  the L erida  Creek sw arm , and the 

solution is  s im ila r to the ten tative solution proposed for them .

5. W est of M urrum batem an

All the Sydney stations recorded  com pressions and a ll the Snowy 

stations ra re fac tions. At C anberra  the ground moved up, but ne ither Dalton 

nor Inveralochy had useful reco rd s. No unique solution could be obtained.

6. Welshpool, V ictoria

Readings a t Toolangi, C anberra, a ll the Snowy stations, and the 

two im pulsive readings on Sydney stations, w ere  a ll down. N either the Tasm anian 

stations, nor Adelaide, w ere  able to rep o rt d irections. No unique solution could 

be found.

7. Eurabba

Only Dalton was within the d irec t zone of th is earthquake, but both
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Fig. 4-14. Nodal solution for the Eurabba earthquake of 8th Jan. 1964.
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P and P H w ere recorded  at C anberra and C abram urra . When the P  readings n 1 n
w ere condensed back, they form ed an a rc  no rth  and w est of the ep icentre,

Fig. 4-14, of which all but the ex trem e m em bers w ere down. The f i r s t  thought 

would be to  pass a tra c e  NE-SW through the condensed readings, but th is tra c e  

would go close to  the epicentre. The other tra c e  m ust separa te  C anberra  and 

Dalton P readings, and could not a lso  pass through the pivotal point without 

running foul of the condensed P readings. The solution finally a rr iv e d  at had 

both tra c e s  constrained  within a few degrees. If plane "a" was the fau lt plane, 

motion was norm al faulting, south block down, with a m inor left hand tr a n s -  

cu rren t component. The values a re  lis ted  in Table 4 -3 . N orm al faulting is 

a lso  im plied if the motion occurred  on plane "b", in th is  case  the northern  block 

would have moved down, and slightly left hand tra n scu rren t.

The null axis s tr ik e s  southeast and plunges about 8° only. The 

te n s io n  axis is n ea r horizontal, in a no rtheast-sou thw est d irection , and com ­

p ressio n  is nearly  v ertica l.

No shock studied in th is w ork has given a m ore re liab le  fault 

plane solution.

8. Dalton

The motion was very  rapid a t Dalton, w here the earthquake was

felt, but exam ination of the reco rd  with a m icroscope has indicated probable down

motion. One tra c e  m ust be drawn to sep ara te  the condensed Snowy station

readings, one of which is  up and two down, and th is  tra c e  cannot pass  fa r  from

the epicentre, o therw ise the pivot points for the o ther trace  would be too far

west of Dalton. The solution indicated in Fig. 4-15 could be a lte red  so that

the two tra c e s  w ere m ore nearly  p a ra lle l, but the a lte ra tion  could not be m ore 
o

than 4 or 5 for each.

In any case the solution indicates norm al faulting with a sm all

tra n s c u r re n t component. If plane ”a" w ere the fault plane, the s trik e  would be 
o o

033 , the dip 70 south of east, and the e as te rly  block would have moved down 

and to  the north. P lane "b” has s trik e  012° and dip 22°; if it w ere  the fault,
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Fig. 4-15. Nodal solution for the earthquake north of Dalton; 
1964 Jan. 15., 01:56:12.4



Fig. 4-16. Tentative nodal solution for the earthquake off Lome; 1965 Sep. 14, 
12:34:34.1 GMT.



motion would have been down on the w esterly  block, which would a lso  have 

moved north.

The d irec tion  of the null axis would be about 208°, and its  plunge 

although not w ell determ ined  m ust be le ss  than 8°. The tension axis is th e re ­

fore n ear horizontal, d irec ted  WNW and ESE, while the com pression  axis is 

n ear v e rtic a l and d irec ted  a little  W of North.

9. E ast of F lin d ers  Is.

Only Bogong (up) and C anberra (down) have readable d irections. 

Bulletins from  in te rs ta te  stations all rep o rt em ergent beginnings. No solution 

is possib le .

10. Off L om e (Two events)

M elbourne was the only operating station  within the d irec t zone. 

Consequently, the depth of focus was not w ell determ ined, even when high 

weight was given to the M elbourne tim e. F urtherm ore , at m ost stations the 

beginnings of both the events w ere ra th e r sm all and com plicated, presum ably  

because the faulting was compound, or continued for an appreciable tim e. But 

enough P observations w ere collected from  the f ir s t  event to  show tha t the 

readings would not be inconsisten t with pure righ t hand tra n sc u rre n t movement 

p a ra lle l to the coastline, o r a lternatively  pure left hand tra n sc u rre n t slip  on a 

plane norm al to  the coast (Fig. 4-16). The second event at th is  focus, 10 

m inutes a fte r the f ir s t , and magnitude 5. 7, gave a reading as fa r as B risbane 

(up), but in the case of Jindabyne, the motion was c lea rly  up, in contradiction 

both to the m otion from  the f i r s t  event, and to  the motions from  the surrounding 

stations. The sam e may be tru e  for Bogong, but the reading is  em ergent. Not 

enough im pulsive readings could be collected for a unique solution.

11. Mount Hotham

This earthquake is  the only one of the 22 studied for which the 

data prohibit any solution. F igure 4-17 shows why th is is so. A tra c e  m ust pass 

between the condensed P ^  read ings of Dalton (up) and B risbane (down) and also  

m ust separa te  the condensed Tasm anian readings which all agree  the motion
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recorded  was down, from  the reading at Bogong, w here although the m otion 

was rap id , m icroscopic  examination estab lished  an up movement. The "a ” 

tra c e  is  th e re fo re  severely  constrained, it s tr ik e s  020° , and p asses  no m ore 

than 2. 2 km  to the w est of the epicentre. A re liab le  focal depth of 7. 6 - 7. 0 km 

was obtained i n  the location of th is shock, (C hapter 10) so that the pivotal point 

for the second tra c e  lies at the point X southeast of the ep icentre. No s tra ig h t 

line can be draw n to  separa te  the fields of ups and downs while passing  through X.

Some other possib ilities can be elim inated by a few m inutes t r i a l  

with ru le r  and sca le , and the conclusion is  forced tha t no solution is  possib le .

R easons fo r this fa ilu re  may be sought. One is that som e stations 

a re  wrong in tim ing  or d irection , but careful re-check ing  has elim inated th ese  

p o ssib ilitie s . The sign at Bogong was difficult to  read , but even if i t  was wrong, 

no solution could be found to fit the re s t  of the data. Another possib ility  is that 

the depth is  in co rrec t. But a g re a te r  depth m akes the position w orse, because 

although the co n stra in t on the "a” tra c e  is slightly re laxed , the pivotal conditions 

forces point X fu rth e r to  the southeast and the second tra c e  cannot be drawn.

A depth le ss  than about 6 km precludes the possib ility  of drawing the "a ” tra c e  

at a ll. An e r r o r  in location, again, cannot have a g rea t influence on the solution, 

because the m axim um  distance of the "a” tra c e  from  the ep icen tre  is  controlled  

by the condensed readings, which w ill hardly shift th e ir  position re la tiv e  to 

the ep icen tre  for any reasonable  m islocation. I t is  only possib le th a t if the 

hypocentre was in fact a few k ilom etres west of the indicated point, and only 

2 km deep, a solution could be found with tra c e  ”b" strik ing  about 070° and p a s s ­

ing 1 km south of the new epicentre. For reason^ se t out in Chapter 10 th is  shift 

is believed unlikely.

The final possib ility  is tha t the m echanism , or the s tru c tu ra l model, 

is m ore com plicated than assum ed at the beginning of the p re sen t chapter. The 

f ir s t  of th ese  cannot be investigated  except by elim ination of a ll o ther possib ilitie s; 

the second is  how ever d istinctly  indicated by the re su lts  of Chapters 5 and 6, 

but re su lts  fo r the Hotham a re a  a re  not yet well enough estab lished  to re v ise  the 

nodal solution with any confidence.
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12. South T asm an Sea

A ll readings a re  of re frac ted  a r r iv a ls , no depth could be d e te r­

mined. M ainland stations w ere a ll negative, with the exception of Riverview 

to the north , and Dalton which is contradicted  by a ll the surrounding stations. 

Tasm anian sta tions w ere all up. No New Zealand station recorded  a satisfac to ry  

P wave.

Condensing the available readings to a c irc le  of indeterm inate 

radius round the epicentre, a group of negative readings to  the southeast is 

flanked by positive readings to east and south. There a re  two possible a rra n g e ­

m ents to  sep a ra te  these  readings. The f ir s t  would be a p a ir of tra c e s  NW to SE 

which would im ply norm al faulting with tension  on a northeast-sou thw est line, 

with a null axis not fa r from  horizontal. The o ther possib ility  is to draw one 

tra c e  from  no rth east to southwest through both changes of sign on the conden­

sation c irc le . The other tra c e  would be com pletely unconstrained round the 

pivot point. This solution is one of overthrusting , but the dip and the presence  of 

tra n sc u rre n t m otion cannot be determ ined. C om pression would act generally  

from  northw est and southeast in th is  solution.

Summary

Of a ll the earthquakes d iscussed  above, only four have yielded 

useable solutions, and Table 4-3 gives the num erical details, along with the 

solution p resen ted  by C leary for the B errida le  earthquake. The conventions of 

naming the fault planes "a ” and "c” has appeared before. The A vector lies in 

the "a" plane, and exp resses the d irection  of slip , m easured  from  the focus, 

which the upper block experiences re la tiv e  to  the lower. R everse  faults and 

th ru s ts  th e re fo re  have negative plunge. The B, P and T axes a re  expressed  

m ore conventionally in te rm s  of th e ir  trend  fo r plunge below the horizontal.

A ll the earthquakes in south east A u stra lia  for which solutions have 

been found a re  collected  in Fig. 4-18, which is a Wulff s te reo g ram  on the lower 

hem isphere. Both of the B errida le  solutions, the p re fe rre d  solution which C leary 

p resen ts  for the R obertson shock, and the Sutton, Rock Flat, B right and Otway
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Fig. 4-18. Summary of Southeast Australian focal mechanism 
solutions. Stereographic projection on the lower 
hemisphere.
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solutions (C leary, 1963) ; as well as the solutions d iscussed  above, a re  plotted. 

Open sym bols rep resen t rev e rse  fault m ovem ents, the c irc le s  being the p re ­

fe rre d  faults and the squares the auxiliary m ovem ents, w hile the plus signs show 

null axes, P com pression  and T tension axes.

It is im m ediately obvious tha t th e re  is a tendency for null axes 

to  c lu ste r to the SW, with sm all values of plunge, while com pression axes c lu ste r 

between w est and northw est with m oderate plunge, and tension axes a re  m ostly 

n ear v ertica l. The azim uth of the P axes indicates the d irection  from  which 

com pressive s tre s s  is d irected , namely NNW and SSE. But it is  not possib le 

for the com pressive s tre s s  to be very fa r  from  horizontal for such shallow e a r th ­

quakes over such a wide a rea , if equilibrium  is to be m aintained.

This problem  can be approached from  a slightly different point 

of view, by assum ing the P axes horizontal, and calculating the angles between 

the fault planes and the P axis for each event. The re su lts  a re  p resen ted  in 

Table 4-4 , w here a ll the P axes with tren d s  to  the NW have been collected to  the 

"a" column. Two shocks, Eurabba and North of Dalton, gave norm al faulting, 

with which horizontal com pression  is not com patible. The tension axes have been 

ro tated  to  horizontal for these  earthquakes, but the values a re  not used further.

The average azim uth of the horizon ta l P axes is 298°, The slip  

angles a re  ra th e r  uniform ly d istribu ted  from  0 to  90° , and a ch i-square  te s t  

confirm s tha t th e re  is no p re fe rre d  angle of slip.

The fault plane work is , th e re fo re , com patible with the idea 

tha t s tre s s  is being applied to  the c ru s t of southeast A ustra lia  from  a WNW - 

ESE direction, and that the c ru s t is responding by movement along p re -ex is tin g  

lines of w eakness.

The method of nodal analysis which has now been developed, if 

p e rs is ted  with for a num ber of years, is  ce rta in  to yield valuable re su lts , and is 

one of the m ost powerful applications of a local se ism ic  network.



TABLE 4 - 4

a plane c plane
Earthquake Angle of 

slip
Azimuth of 
horizontal 

P axis

Angle of 
slip

Azimuth of 
horizontal 

P axis

C leary 's  solution
B errida le

55 320 36 140

T ran scu rren t 11 15 280 73 100

South of Gunning 77 300 14 120

Eurabba 44 218 45 038

N of Dalton 19 301 72 122

Off Lom e 0 270 0 090

Sutton 53 280 35 100

Rock F lat 47 294 35 114

Robertson 60 304 30 124

Cape Otway 70 315 20 135

Bright 68 323 22 153
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WAM

BOV

Fig. 5-1. Map of shots and stations. Three letter codes indi­
cate stations which recorded the shots, the numbers 
are station mean residuals with standard errors.
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CHAPTER 5

SEISMI C VELOCITIES FROM EXPLOSIONS OFF THE CENTRAL 
COAST OF NEW SOUTH WALES

Introduction

The to ta l se ism ic  system  has, as an im portant component, a 

model of s tru c tu re  under the network. In C hapters 3 and 4, the way in which the 

sim ple model adopted has influenced the re su lts  obtained with the netw ork is 

discussed. In th e  p resen t chapter, a m ore re a lis tic  model has been evolved by 

using the netw ork to observe special explosions.

Since its  inception, many off shore se ism ic  events have been 

detected by the use of the network, and these  have generally  turned  out to be 

naval te s ts . The Royal A ustra lian  Navy (R. A. N .) was th e re fo re  asked to  fire  

som e large charges in locations which w ere well placed with re sp ec t to the network. 

The im m ediate aim s of the experim ent w ere to gain inform ation about a possib le 

"in term ediate  " layer, and to  study the c ru s t and upper m antle n ear the conti­

nental m argin.

P rocedure

The autumn was chosen as m ost suitable fo r the work, as the sea 

is usually calm  and the m ic ro se ism  level low. Between 20 and 22 A pril 1965, the 

R. A. N. made available the tr ia ls  vesse l H. M. A. S. Kimbla, and five explosions 

w ere detonated from  the ship on the continental shelf between Tugger ah Lakes 

and Je rv is  Bay, at positions m arked in Figure 5-1. Positions and tim es a re  lis ted  

in Table 5-1. Three of the shot points w ere chosen n ear the northern  end of the 

network, which extends approxim ately northeast-sou thw est, so th a t observations 

of waves travelling  in a southerly  d irection  would com plem ent the observations 

made in 1957 tow ards the north  from  the Snowy Mountains b lasts  (Doyle, Everingham  

and Hogan, 1959). W erombi was chosen as the key station  in the attem pt to reco rd  

a rriv a ls  from  an in term edia te  layer, because it is  m ore fully equipped than other



TABLE 5 - 1

Shot tim es and positions

Shot
Number Shot Name Lat. °S oLong. E Date

A pril
1965

Tim e 
G. M. T.

1 Centre North 33.58444 151. 54481 20 04:41:56. 32

2 F ar North 33.41408 151.66314 20 08:09:03. 21

3 North Je rv is  Bay 34.82556 150.91042 21 01:50:00. 84

4 South Je rv is  Bay 35. 16244 150.81397 21 06:07:46. 17

5 Manly 33.82867 151.40350 21 23:22:27. 96



network stations in the Sydney a rea , and because a suitable s ite  was available 

close by for laying out a seism ic  "spread" fo r apparent velocity observations.

The shot locations w ere th e re fo re  chosen a t d istances from  W erombi at which 

a rr iv a ls  from  the in term ediate  layer w ere expected  to  be large (C leary, 1963), 

and the southern shots w ere also  chosen so as to be rem oved about 90° in azim uth 

from  the northern  group. The latitude of each shot was specified, but a wide 

to lerance  on longitude was allowed so tha t the depth of w ater over the shot could 

be m aintained at about 40 fathoms (70 m .).

A field party  from  th e  B ureau of M ineral R esources, Geology and 

Geophysics, laid out two geophone sp reads at W erombi. In the line of the northern  

shots, groups of four E lec tro -T ech  4 -1 /2  C. P. S. geophones w ere connected to 

each of 24 tra c e s , making a spread  of 4, 600 ft (1,400 m .) overall. Norm al to 

th is , a 2, 200 ft (670 m. ) sp read  of twelve Model 200 M id-W estern 6 C. P. S. 

geophones was laid. Local surveys w ere made to determ ine azim uth, elevation 

and w eathering co rrections. A pparent velocities w ere m easured  ac ro ss  these 

spreads for th ree  of the f ir s t  a rr iv a ls , as noted in Table 5-2, but la te r a rr iv a ls  

proved difficult to sca le  with the paper speed of 13 in. (33 c m .) per second, and a 

speed of 5 or 6 in. (12-15 c m .) p e r second would have been b e tte r.

At the fixed stations of the network, m aintenance and adjustm ent was 

c a rr ie d  out in the week before the b la s ts , so tha t m ost of the equipment functioned 

co rrec tly . Special c a re  was taken in obtaining shot positions. In addition to sun 

observations and horizontal sextant fixes on sho re  fix tures by the Captain of 

Kimbla, theodolite in te rsec tions of the plum e of sp ray  from  four of the explosions 

w ere obtained from  coastal s tations by su rveyors of the D epartm ent of the In te rio r. 

In case  of poor v isib ility , it was hoped to use a M ark I te llu ro m e te r  m aster set 

on the ship and two slave stations on shore, but because the ship had continually 

to be in motion while low ering the charges, no readings w ere obtained by this 

method.

Naval personnel w ere responsib le  for handling and firing  the 

explosives. T hree 300-lb  (135 kg.) standard  depth charges, two of them  arm ed 

with e lec trica l detonators, w ere  roped together and lowered to the bottom by



speci al m arine firing cable, which was then paid out as the ship steam ed off 

one to two m iles (1. 5-3 k m .) for safety before connecting and firing.

As tim ing is of p rim e im portance in an experim ent of this type, 

specia l precautions w ere taken. Greenwich Mean Tim e of each shot was determ ined 

by tape recording, on the ship, tim e signals from  the P. M. G. radio  tim e serv ice  

station VNG, together with a signal from  an aux iliary  coil on the b la s te r. Manual 

playback la te r allowed the tim e of this signal to  be in terpolated  between tim e 

signals to 0. 01 second. In addition, the shot instan t was b roadcast on a frequency 

of 4. 630 m egacycles per second, so that the field party  at W erombi could im pose 

a shot instant m ark through a spare  galvanom eter on to the reco rd . The ship was 

equipped with a 300-watt tra n sm itte r , and signals w ere received  as fa r as 500 km. 

distant. W arnings w ere b roadcast for about an hour before shot tim e, and a tim ing 

device on the ship controlled the firing  sequence. This device f ir s t  keyed the 

sh ip’s tra n sm itte r  in a p a tte rn  of "p ips” and then trig g e red  the 2, 000-volt b la s te r.

A continuous tone was tran sm itted , commencing the instan t the firing  c ircu it was 

energized. The record ing  and recognition of any p a rt of the b roadcast firing  

sequence by the field party  allowed the shot instan t to  be determ ined on the reco rd s  

of the spreads.

A tape record ing  of the ship’s b ro ad casts , station clock b reaks, 

and radio tim e signals was a lso  made at W erombi, as a check on the functioning 

of th is method. Experience has shown that fu rth e r safeguards a re  advisable.

F irs t, the shot sequence tim e r should key the sh ip 's  tra n sm itte r  in a pa tte rn  of 

"pips" a t a fixed tim e in te rva l a fte r the shot instant, so that recording of th is 

pa tte rn  at a seism ic  station would allow shot instan t to be scaled. Second, the 

tape reco rd e r on the ship should reco rd  the tran sm itted  sequence along with the 

b la s te r  pulse and radio tim e signals, so that a check on the function of the tim e r 

is  available. Finally, a tra n sce iv e r of a t le a s t 50 w atts to allow field pa rtie s  to  

communicate with the ship would be useful.

R esults

Recordings of the  explosions w ere obtained to 750 k m ., at Toolangi, 

but re liab le  P waves could only be d iscerned  to  450 km. (Bogong and Buchan).
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TABLE 5 - 2 .

T ravel tim es for " P M.

Station Shot Distance
(km)

T ravel 
Tim e 

(sec )

P hase Residual 
(O -  C)

Equa­
tion

Notes

Riverview 5 22. 70 5. 0 iP -0. 3 1
Riverview 1 44. 98 8. 6 iP -0. 1 1
Riverview 2 65. 72 11.8 iP -0. 1 1
W erombi 5 77. 35 13. 6 iP -0. 1 1 A, 7. 08 k m / 

sec.
W erombi 1 98. 15 17. 1 eiP +0. 2 1 A, 7. 10 k m / 

sec.
W erombi 3 101. 73 17. 2 eP -0 .2 1
Inveralochy 4 106. 91 18. 3 i +0. 1 1
Riverview 3 112.83 19. 1 e 0 1
Inveralochy 3 114.72 19.4 iP 0 1
Werombi 2 116.73 19. 7 i 0 1
J  enolan 5 127. 92 21. 5 i +0. 1 1
Werombi 4 136. 16 22. 8 eP +0. 1 1 A, 5. 81 k m / 

sec.
Jenolan 3 137. 80 23. 0 iP +0. 1 1
Jenolan 1 143. 72 23. 7 e -0. 1 1
Riverview 4 151. 21 25. 1 eP +0. 1 1
Dalton 4 156. 93 25. 9 eP 0 1
Jenolan 2 159. 03 26. 0 i -0 .2 1
Jenolan 4 165. 17 27.3 e +0.2 1
Canberra 4 166.23 27. 5 iP +0.2 1
C anberra 3 182. 89 29.7 iP -0 .2 1 B
Inveralochy 5 203.45 31. 6 i -0 .4 2
Wambrook 4 208. 94 33. 6 i -0 .2 1 B
Dalton 5 227.41 36.4 eP -0. 3 1 B
Inveralochy 1 231. 00 35. 3 eP -0 .4 2
C abram urra 4 231. 27 36. 1 iP +0.4 2
Jindabyne 4 246. 05 37.8 e? +0. 1 2
Dalton 2 271.23 41. 1 e +0. 1 2
Canberra 5 275. 90 41 1 e -0. 5 2
Geehi 4 276. 00 42.2 e? +0. 6 2
Jindabyne 3 276. 25 42.2 eP +0. 5 2
Canberra 1 303. 11 45. 1 eP -0. 1 2
Geehi 3 304. 11 45.4 e +0. 1 2
Wambrook 5 348. 90 51. 3 i? +0. 1 2
Buchan 4 351. 77 51. 5 e? -0. 1 2



Station Shot D istance
(km)

Bogong 4 372. 08
Wambrook 1 378. 08
C abram urra 1 385. 03
Buchan 3 385. 96
Jindabyne 5 386. 99
Bogong 3 399. 57
Geehi 5 411. 04
Jindabyne 2 437.75

T ravel 
Tim e 

(sec )

Phase R esidual 
(O -C )

Equa­
tion

56.8 eP +2. 5 2
57. 2 e? +2. 1 2
62. 8 e +6.8 2
55. 6 eP -0. 5 2
56. 3 iP 0 2
57. 6 eP -0. 3 2
59.8 eP +0.4 2
62. 9 iP - 0. 1 2

Notes

Notes:

(A) A pparent velocity  m easurem ent.

(B) A rriv al a fte r expected tim e for P , included in  Equation (5-1) .

(C) Not used in derivation  of Equation (5-2).

o 
o 

o
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•

6 5 KM/SEC

-75 KM7 SEC

FIRST ARRIVALS

LARGE SECONDARY ARRIVALS

OTHER SECONDARY ARRIVALS

KILOMETRES

Fig. 5-2. Reduced travel tim es of P phases.
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D istances w ere calculated on the IBM 1620 at the A ustralian  National U niversity, 

and a re  l is te d  in Tables 5-2 and 5-3 with phases, tra v e l tim es, in terpreta tions 

and res id u als  from  le a s t-sq u a re s  analysis.

1. Longitudinal Waves

(a) Longitudinal Waves in the Sydney Basin: P . The shot points ands
stations out to  W erombi a re  within the  Sydney Basin. This basin  contains up to 18, 000 

ft (5, 500 m .) of P erm ian  and T ria s s ic  sedim ents, which lie uncom form ably on 

Middle Palaeozoic rocks, and a re  intruded by basic  s ills  and plugs (Tectonic Map 

Committee, 1962). Robertson (1958) determ ined  velocities within the basin  as 

increasing  rap id ly  with depth from  4 k m /s e c  a t sea  level to 4. 88 k m /s e c  at 4, 000 

ft (1, 200 m .) and increasing  slowly th e rea fte r . In the p resen t work, the c losest 

observation was a t Riverview (23 k m .), but the quality of this reading is not high 

and P may have been read  late. This and a secondary a rr iv a l a t Riverview from  

another shot give a velocity of 4. 5 k m / sec, when a le a s t-sq u a re s  s tra igh t line 

is fitted to  them  through the origin, but the velocity m ost rep resen ta tive  of the 

sedim ents is  probably h igher than th is . F or the in te rp re ta tion , a velocity of 

4. 9 k m / sec has been adopted.

(b) Longitudinal Waves with A pparent Velocity near 8. 5 k m /se c : P .z

In Fig. 5-2, f i r s t  a rr iv a ls  between 25 and 230 km have reduced trav e l tim es of 

1 to  2 seconds, and a le a s t-sq u a re s  an a ly sis  for a lin ea r equation gives

T « 1 .8 - 0.024 + A / 6. 52 - 0. 036

n « 22, cr -  0. 154 (5-1)

In this and subsequent equations, T is tim e in seconds, A. is  d istance in k ilo­

m etres, n is  the num ber of observations used in the analysis and cr is the standard  

deviation of a single observation. The ranges specified  a re  standard  e r ro rs .

Weights have been allotted to  readings, in that an iP  has unit weight, eP has 

weight 0. 8, and a few very em ergent phases have weight 0. 5 only. The th ree  

observations at the g re a te s t d istances, between 180 and 230 k m ., a rriv ed  a f te r  

the expected tim e of P^ , but no a rriv a ls  could be d iscerned  on the tra c e s , despite
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special search , at the P^ tim e. L east-sq u a re s  analysis was used to fit separa te  

lines to the f ir s t  19 and to the la s t 3 observations but no significant difference 

in p a ram ete rs  was revealed  by s ta tis tic a l testing , and all 22 observations have 

been used in deriving equation (5-1). R esiduals from  the equation show a sy s te ­

m atic trend, and a b e tte r fitting tra v e l- tim e  curve would be concave downwards 

in F igure 5-2. Such a curve may imply an in c rease  of velocity with depth. But 

p a rt of the sca tte r in res id u als  would also  be due to  horizontal velocity varia tions, 

as each observation is  of a wave travelling  a d ifferent ray  path, and m ore than 

250 km north to south is spanned by the observations. These two sources of sca tte r  

cannot be separa ted  with the p resen t configuration, and the s tra ig h t line (5-1) 

is taken as a f ir s t  approxim ation.

Apparent ve locities at W erombi a re  available for Shots 1, 4 and 5, 

and a re  listed  in Table 5-2 and indicated by sh o rt b a rs  through the data points in 

Figure 5-2. The values a re  sca tte red  and probably show effects both of basin  

s tru c tu re  and of a varia tion  of apparent velocity with azim uth.

(c) Longitudinal Waves in the M antle: P^ . The am plitudes of P^

a rr iv a ls  seem  to vary  considerably  with distance. For exam ple, P should be

the f ir s t  a rr iv a l beyond about 150 km. However, the c losest P^ read, at In v era -

lochy at a distance of 203 km from  Shot 5 has only about one-tenth of the tra c e

amplitude of a rr iv a ls  in the next second, the la rg e s t of which a re  at about the

expected tim e for P . Although at C anberra from  Shot 3, at 182 km, the P z z
a rr iv a l has am plitude of 1 m m  on the tra c e  and one-tenth of th is  could certain ly  

have been seen in the second before th is , no movement could be d iscerned at the 

expected P^ tim e. S im ilarly , between 350 and 385 km, " f irs t  a rr iv a ls "  a re  

certain ly  too late  to be P^ and no m ovem ents could be seen at the expected P^ 

tim e. There a re  13 readings between these  two low -am plitude ranges, while 

beyond 385 km, 5 m ore a r r iv a ls  have readable am plitude. Taking all 18 readings, 

leas t-sq u a res  analysis gives

T = 5.2 - 0. 026 + 4 / 7 . 5 8  -0 .0 1 7

n = 18, c r = 0 .  309 (5-2)
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S tatistica l te s ts  showed that the om ission of the la s t 5 readings made no s ig ­

nificant a lte ra tio n  in th is equation.

The residuals from  equation (5-2) may be analysed into 

contributions from  shots and stations. None of the station mean residuals  can 

be said  to  be significantly different from  zero , or from  any other, apparently 

because of the sm all num ber in each sam ple, but when plotted on the map Fig. 5-1, 

a suggestive patte rn  em erges. Station res id u a ls  a re  positive in the Snowy 

Mountains, negative to the northeast and negative in the south. In Chapter 8, 

re siduals  from  te le se ism s at some of the stations a re  derived, and they tend 

to show the sam e pattern . No such p a tte rn  is  v isib le  for the residuals  from  

equation (5-1) so that the cause cannot be s tru c tu re  local to the shots and 

stations.

(d) Longitudinal Waves with A pparent V elocity  near 6 k m /s e c  : P .

A c lu ste r of a rr iv a ls  a t about 380 km with reduced tra v e l tim es of ju s t under 

4 sec. is prom inent in Figure 5-2. Indeed, a t C ab ram urra  from  Shot 1, no 

certa in  movement could be seen before th is tim e. I t is  difficult to see much 

s im ila rity  between the waveform s of various a rr iv a ls  in th is c lu ste r, but the 

record ing  instrum ents w ere of differing types and the ch arac te r of the waves may 

have been obscured. But beyond about 400 km, reco rd s  show only sm all and 

ir re g u la r  movements a t th is  tim e, and such a sharp  change in amplitude may 

indicate a concentration of energy at a cusp in the tra v e l- tim e  curve at about 

380 km. In th is case, it should be possib le to tra c e  back to sh o rte r distances an 

alignm ent of secondary a r r iv a ls , but the only possib ility  seem s to  be through a 

few a rr iv a ls  between 230 and 280 km, and f ir s t  a r r iv a ls  a t le ss  than 100 km. By 

eye, and considering only the c lo sest station  that recorded  th is phase as a f ir s t  

a rr iv a l, a velocity of 6.25 k m / sec and in te rcep t of 1* 3 sec. would be indicated.

If the phase is considered to  be a f ir s t  a r r iv a l at sev e ra l of the c losest stations 

then the velocity would be ju s t less  than 6. 0 k m / sec and the in tercep t 1. 2 sec. 

Although the sporadic occurrence  of the a rr iv a ls  defining the P line, and the 

uncertainty of the velocity derived, may bring  the rea lity  of th is  phase into doubt,
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Fig. 5-3. Reduced trav e l tim es of S phases.
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yet i t  w ill be seen la te r  that these c h a rac te ris tic s  a re  na tu ra l consequences of 

the models proposed for the struc tu re ,

2. T ran sv e rse  Waves

(a) T ran sv e rse  Waves in the Sydney Basin: . An a rr iv a l read  at

Riverview from  Shot 5 had a trav e l tim e of 8 .1  sec, fo r a d istance of 22. 70 km; 

the average velocity within th is p a rt of the Sydney B asin cannot th e re fo re  be m ore 

than 2. 8 k m / sec. Although this would give a reasonab le  P o isso n ’s ra tio  of 0. 25 

with the adopted velocity of 4, 9 k m / sec fo r P g , g rea t re liance  cannot be placed 

on e ither velocity.

(b) T ran sv e rse  Waves with A pparent Velocity n ear 3. 5 k m /s e c : S .
Lu

During the reading of the reco rd s, a num ber of phases w ere identified as "S" 

on the basis  of th e ir  "ch a ra c te r”. That is  to say, m ovem ents with b e tte r phase 

and amplitude coherence for two or th ree  cycles than the preceding agitation would 

be picked as "S", especially  if a slight reduction in period, with o r without an 

in c rease  in amplitude, was observed. These a re  distinguished by a specia l symbol 

in Figure 5-3. A large  in c rease  in am plitude e ither im pulsively o r over severa l 

cycles, particu la rly  with considerable duration and with phase incoherence, would 

be picked as "L" , o ther m ovements would be picked without identification. Some 

of the "S" readings fa ll  along a line in  Figure 5-3 corresponding to a velocity of 

about 3 -1 /2  k m /s e c  and taking these together with som e other a rr iv a ls , the 

linear le as t-sq u a res  re la tion  is

T » 1.82 -  0. 060 + A /3 .  66 -  0, 020 

n * 41, cr s  1 .2  (5-3)

However, beyond about 350 km , the sca tte r  of readings is very  large, and it 

becom es a m atter of choice which of sev e ra l identifications is  appropriate . 

Furtherm ore^ a special effect is apparent n ea r 380 km which is d iscussed  below. 

Ignoring a rriv a ls  beyond 350 km, analysis yields

T = 3. 17 - 0. 029 + A / 3. 78 -  0,005 

n * 31, cr « 0 .9 (5-4)
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TABLE 5 - 3  

T ravel tim es for nS".

Station Shot Distance
(km)

T ravel 
Tim e 
(sec )

P hase Residual 
(O -  C)

Equa- Notes
tion

Riverview 5 22.70 8. 1 e - 1.1 4
Riverview 1 44. 98 13. 7 eS -1 .4 4
Riverview 2 65.72 20. 7 i +0.2 4 —  A pparent ve l-
W erombi 5 77.35 24. 1 eS +0. 5 4 ocity 3. 95 km

/ s e c .
W erombi 1 98. 15 29. 9 eS +0.8 4 — Apparent ve l­

ocity 4. 18 km 
/s e c .

W erombi 3 101. 73 29.4 iS -0 .7 4
Riverview 3 112.83 33. 2 eL -0 .2 4
Inveralochy 3 114.72 33. 0 eL -0. 5 4
W erombi 2 116.73 34. 6 iL +0. 6 4
Jenolan 5 127. 92 37. 0 iS 0 4
W erombi 4 136. 16 38. 9 eL -0. 3 4
Jenolan 3 137.80 41. 7 eL +2. 1 4
Jenolan 1 143. 72 41. 8 eS +0. 6 4
Riverview 4 151.21 43. 5 iL +0.4 4
Dalton 4 156. 93 43. 9 eS -0 .7 6
Dalton 4 156. 93 45.2 iL +0. 6 4
Dalton 3 158.70 45. 6 iS +0. 5, +0. 3 4, 5
Jenolan 2 159. 03 44. 8 iS -0, 6, -0. 8 5, 6
Jenolan 4 165. 17 46. 8 e 0 4
C anberra 4 166. 23 46. 5 e - 0. 1, - 0. 1 5, 6
C anberra 3 182.89 48. 5 eS - 1. 0 5
C anberra 3 182.89 49. 9 e -0 .2 6
C anberra 3 182.89 51. 5 i 0 4
Inveralochy 5 203.45 57. 8 i(S) +0.8 4
Wa mb rook 4 208. 94 54. 5 eL +0.4 5
Wambrook 4 208. 94 56.7 i +1. 0 6
Wambrook 4 208. 94 58.4 iL 0 4
C abram urra 4 231. 27 60. 6 e(S) +2. 6, +0. 1 5, 6
C abram urra 4 231. 27 63. 8 iL -0. 6 4
Jindabyne 4 246. 05 60. 9 i(S) +0. 4 5
Jindabyne 4 246. 05 65. 9 iL -2. 3 4
Inveralochy 2 251. 92 69. 7 i - 0 . 1 4
C abram urra 3 255. 48 60. 5 i -1 .7 5
C abram urra 3 255.48 65. 6 i(S) 0 6
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Station Shot D istance T ra v e l P h a se  R esidua l E qua- N otes
(km) T im e ( O - C ) tion

(sec )

C a b ra m u rra 3 255. 48 69. 6 iL -1 .1 4
D alton 2 271.23 73. 5 i -1 .4 4
C an b erra 5 275. 90 70. 7 i(S) +0.7 6
C an b erra 5 275. 90 76. 2 eL +0. 1 4
Geehi 4 276. 00 76. 9 e(L) +0., 7 4
Jindabyne 3 276. 25 65.8 i 0 5
Jindabyne 3 276. 25 76. 3 i +0. 1 4
C anberra 1 303. 11 83. 2 eS -0. 1 4
C anberra 2 323. 79 88. 3 eS -0. 5 4
W am brook 5 348. 90 78. 3 iS -0 .2 5
W am brook 5 348.90 97 iL +1. 6 4
Buchan 4 351.77 86. 5 i +0. 3 6
Buchan 4 351. 77 96.7 eL -1. 3 3
Bogong 4 372.08 103. 8 eL +0. 3 3
W am brook 1 378.08 105. 6 iL +0.4 3
C ab ram u rra 1 385. 03 109. 0 eL +2. 0 3
Buchan 3 385. 96 92.7 i(Sn) -0. 5 6
Buchan 3 385. 96 108. 3 i(Lg) +1. 0 3
Jindabyne 5 386. 99 109 iL +1.4 3
Bogong 3 399. 57 112. 5 e +1. 5 3
Geehi 5 411. 04 115. 0 e(S) +0. 8 3
Geehi 2 460. 95 128. 8 e(L) + 1 .0 3
Buchan 1 531. 44 148. 2 eL +1. 1 3
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