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SUMMARY

During March; April,'and'May 1976, a deep crustal
seismic survey was chducted betweeﬁ BasslPoint and Ardlethan in
sbuthern'New*South Wales. Sixty—Six_recording'sites were ocbupied
along'a traverse across the Lachlan Geosyncline and part of the
Sydnéy Basin. Routine blasting'at‘thirteeh quarries'was used as
the source of seismic energy. .Seventyéthreé'shots were'fired_.
during the survey, of-whi%h_64 were recorded by at least one
station. A total of 269 usable records was obtained,-and:intei—'

pretation of these is proceeding.



INTRODUCTION

Durlng four weeksfin March, April; and May, 1976,

~ deep crustal seismic survey was conducted in-southern'New_South'r

Wales (Flg. 1).* The aim of the survey was to define the crustal
structure, andlupperémantle'relief,-across the strike of the

Lachlan Geosyncline,~and:beneath the southwest SydneyiBasin.

This survey was part of a prograim of cruStal studies in
southeast Australla using quarry blasts as: seismic sources. Quarry
blasts provide a cheap source of seismic energy, however, survey
design is restricted by the pos1t10ns of the quarrles and by .the
size and frequency of the blasts. ' -

Or1g1nally 1t was planned to record along the strlke of
" the Lachlan Geosyncl1ne between Marulan (NSW) and Dartmouth
(Victoria). Regular ‘blasting at the Marulan limestone quarry and
the Dartmouth dam ‘construction site would have provided good

Selsmlc sources at both ends of the traverse. However when

-»andustrlal ~disputes closed down the Dartmouth Constructlon site,

it was decided to postpone this survey,_and record along a

traverse through'Marulan,,perpendiCular to-the'original.traverse.

The_survey traverse lies mainly across the Lachlan._
Geosyncline (Fig. 2) which forms the tectonic province of the
Lachlan Fold Belt (Scheibner, 1973), also called the Central and
Southern nghland Fold Belt (Packham 1969). At the eastern end, -
the traverse termlnates in the southernmost extens1on of the '
Sydney_bas1n. The Slngleton/Muswellbrook area ‘from which the
northern shots were recorded, lies in the Sydney Ba51n adjacent

'to the New hngland Fold Belt of northeast New bouth Wales.

| ‘\' |

The Lachlan Geosyncllne extends from Vlctorla to north—
ern NeW'South Wales where it dlsappears under the sedlments of
the Great Arte31an Basin, Sedlmentatlon extended £rom the early.
Ordov101an and pos51b1y late Cambrlan to” the Carbonlferous.

' Foldlng of the sedlments occurred during four orogenlc perlods

" with assoc1ated gran1t1c 1ntru81ons.'_These were the Benambran

oxogeny of the early bllurlnn,:thc.Uowning orogeny of-the'Lute
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' Silurian'and,eafly Devonian, the Tabberaberan erogeny of the late

‘Devonian ‘and, finally, the Kanimblan orogehy, which occurred
during'the middle’Carboniferous.- Between each of these orogenles,
sedlmentary dep081t10n and volcanlc act1v1ty prevalled '

The Permo-Triassic Sydney Basin extends from the New
South Waies.coest,.hear Sydney,'to the northwest, where it is
overlapped by sediments of the Great Artesian Basin (Fig. 2). The:
_Basin may extend southeastwards as far as the continental slepe,
and northwards, beneath the younger cover, to. the Bowen Basin in
Central Queenslahd.' Permian marine beds form the basal outcrop
'at‘the southerh and western margins'of the Basin. The Tr1a851c
sequence comprlses fluv1at11e, deltaic and some brackish marine’
sedlments. ' | o : ‘

Previousvinvestigations of crustal thickness and
structure across the Lachlan geosyncline in the region of this
survey ineludefthe surface wave studies of Thomas (1969). For a
two layer crust, 'Thomas.found the depth to the intermediate layer
to be about 20 km and the depth to the Mohorovicic dlscontlnulty
to be about 40 km. Recordlngs from quarry blasts in the bnowy,
Mbuntainsvand shots off the central NSW coast have been 1nter-

' preted by'Deyie; Everingham, &”Hogan (1959) and Doyle, Underwood,
& Polak (1966). The depth of the intermediate layer varies from:
about 10 km beneath the Sydney area to about 20 km beneath the
Snowy Mountains. The 1nterpreted depth to the. Mohorovicic dis-
continuity varies from about 25. to 42 km. Quarry blast recordings
in the Sydney area show the sedlments to be 1.5 to 2.5 km thick,

" with a basement ve1001ty of 5.88 km/sec (Bolt, 196&), Other
recordings of quarry blasts have been made in the area by the
Australian.Nationa12University, but - the data have not been
interpreted; '
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FIELD WORK

Survey operations

_ The shot sites and station 1ocat10ns are shown in

- Figure 1. Sixty-six recordlng sites were occupled on a line

between'Bass,P01nt on the New South. Wales coast, south of Wollon-
gong, and Ardlethan, 370 km:to the west. Records were also

obtalned at the permanent observatories at Cooney near Armidale,

-R1verv1ew in Sydney, and Kowen Forest near Canberra and at a

temporary statlon south of blngleton.

Routine blasting~at thirteen quarries provided'the"
seismic'sources for the survey.' Along the traverse line, shots
were recorded from the blue- metal quarrles at Bass Point, Albion

ark, and Dunmore at the eastern end the Marulan- llmestone-
quarry, 65 km from the coast; and the Ardlethan-tin mine,'at the
western end. -RecOrds were also’obtained from the open—out
collieries in the Singleton/Muswellbrook areatand quarries in the

Sydney areca, north of the traverse line, and from blue-metal

_QUarries at-Qﬁeunbeyun and lall, south of the traverse line. A

total of 73 shots was fired during the recording period.

All temporary stations were occupied by BMR-remote

recording seismic-systems. Sixty stations along the'recording

-line were occupled by systems with a single vertical component

selsmometer the other six being occupled w1th a three component

system. ‘A station interval of 5 km was aimed at, but owing to

lack of time,. some sections have a 10 km spacing.

Field_work'was carried-out'between the following dates;

29/3/76 to 15/4/76
3/6/76 to 7/5/76

A total of 21 days of recording was_aohieved during this

_period; “After the initial three weeks fleld work, an assessment
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"of the results'was made and the:final week_of recording planned_
accordingly. . Survey personnel and vehicles are 1isted in Appendix

Communications

Radio commhnication-was mainfained between all mobile
field parties; and between-the field'parties and survey'heade
quarters in Canberra. 'A 100 watt Codan Type'6801 single—éide-band
_transceiver was_employed af'Canberra'and six 25 watt Codan TYpe
'6924'sing1eesideeband transceivers_Were used by the six mobi le _
field parties. Singie wire aerials approximately 12-metres long -
were used. A Codan Type 7208 Antenna Tuner was used to tune the
100 watt base station.

After initial tests'using freqnencies of 4630 kHz and
2140 kHz, it was found that 2140 kHz was unsatlsfactory due to
.pOOr reception and excessive interference. ' As a result-: 4630 kHz
was used throughout.the survey. Hegular radio schedules betWeen”
all parties were held daily at 0900, 1200 and 1700 hours.
fCommunicatiOn at other times was by prior arrangement between
individual parties. The furthest.distance'over which- radio
communication was required was about 400 km, and this was
aChieved; | o

Communication between headquarters and the various
1

quarrles was usually done by telephone and the planned shootlng

program was passed’ on to the fleld parties by radio.

SHOTS

'Shot'Locations

. The 1ocuLion of quu1rivs £rom whlch shots were rocorded

.1s shown 1n Tlgurn 1. A list ot quurries_ls.glven in Table 1.

- The quarries can,be grouped as follows:



- (i) Eastern:. Bass Poiht ‘Dunmore and Alblon Park blue- -

metal quarries.

(ii) Central: .'Marulah limestone quarry.
(iii) Western: ~ Ardlethan tin mine. _
(iv) Northern: Ravensworth, Swamp Creek, Foybrook and

.Howick open—cut'collieries and the Prospect
. _ and Wallgrove blue-metal quarries.
(V) Southern : Queanbeyan and'Hallhblue-metalfquarriest
A s1ng1e shot from the blue metal quarry at Cootamundra
was fired outside the t1me slot for which the recording statlons
were programmed and was not recorded

The latitudes and longitudes'of shots were found by -
scaling the positions on 1:100 000 topographic maps. -The
positions of shots from'Ravensworth,.Swampy Creek, Howick, Foy-

brook and Marulan were marked on local quarry.maps_supplied by

each-quarry. These positions were then transferred -to the -

1:100 000 maps;' The positions of the Foybrook_and Howick mines
were first 1dent1f1ed on aerial photographs. For all other shots,
the area of the quarries in which they were flred was small and
the1r exact positions were identified directly on the 1:100 000
maps. . The co-ordinates were found to the nearest 0.1 minute of

arc. Approx1mate elevations above mean sea level of shots were

_ obtalned from the contours on the topographic maps.

All relevant information on shots is listed in Table 2.

" Shot details.

All the shots recorded durlng the survey were from
routlne blast;ng operatlons._ The explosives used were malnly
ANTO and Quarigel; w1th Lhe normal boosters primacord and
dotonators, - : - .

[

The explosive was placed in up to 69 drill holes per

shot. Most shots were fired with delays between.holes,'or'rows
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of holes. The.total'delay”between-the,first and the final deton-

ations in a particuiar-shot'wae'variable, but Was usuellyfabout
100 milliseconds. 'In’some cases however the delay exceeded 1000
milliseconds. ' '

_ The size of the shots fanged from 332 to 46 000 kg
(Fig‘ 3). The smaller shots were not well recorded to any gxeat
dlstance (Flg 4).

In a period'of 22 days, 73 shots were detonated. Of .
. these, seven shots were fired on a Saturday and one on a Sunday.

I3

Shot timing

‘The exact times of detonation were obtained either by _
recordlng the shot on 51te with a v1sual_recorder, or by recolu-
ing on a tape recorder set up close to the mine. In the latter
case; a correction was made to allew for the distance of.fhe
'recorder to the'shot This was estimated by recordlng at least
one shot on-site and on the tape recorder, thus obtalnlng the
travel time from the mine to the recorder._-

The on-site recerding'was done by using two shot—timing

‘recorders. A Sprengnether portable seismograph was used at
Ardlethan. - '

Marulan, Bass Point, Dunmore, Albion Park

1'Statioh‘8 at Fitzfoy Falis,was used for timing shots at
‘these quarries. It was left running thfoughout the survey. Some
difficulty was -experienced eerly in the survey with-equipment'at
_ the'site, and during this?period.statiohs 13 at Wingello and-16

at Marulan'were,usedffer_shet timing.

.'The-folloWing shots'were recorded on site:’ shot 31,
Marﬁlanﬁ shots 28 and 45, Bass P01nt ~ shot 26, Albion Park;
shot 39, Dunmore.' : ‘ '

g - i



Ardlethan

A Sprengnether MhQ—BOO portable selsmograph with a

'Mark L-4C 1 Hz geophone was used for timing Ardlethan shots. Itr

was set up in the mine to run continuously when a shot was
expeCted,' The seismograph was being run as an ink—pen'recorder,
but'this was found to be unsatisfactory, owing to blockage of the.
pens. It wds then run as a smoked paper recorder by smoking the

recording paper with paraffln and using the pen as a stylus The

records were fixed with a coatlng of . shellac.

RaVensworth, Swamp Creek, Foybrook, Howick

.An.Akai seismic recorder was placed atlstation 74,
Bulga, 29.6 km soufh'of Ravensworth, and left runningffor_the
first three weeks of the survey. Shots were timed at eaCh quarry,
dnd the travel time to Bulga computed. Corrections to times o
other shots recorded at Bulga could then be made. Cooney obser-
vatory was used for.timing shots in the final week of recording '
when Bulga was unoccupied. Travel times to Coonevaere obtained
in the earlier recording period. | |

_ The following shots were recorded on site: shot 7,
Ravensworth; shot 22, Howick; shot 23, Foybrook,; shot 48,

Swamp Creek.

Prospect, Wallgrove'

Shot -time recordlngs were made on- 81te for one shot at

Prospect (shot 40) and one shot at Wallgrove (shot 63) Other

shot times were calculated,from Riverview observatory records.

Hall, Queanbeyain

Shot 14 at a1l was timed on-site by the Engincering
Geophysics section of BMR. Previous work~at~Queanbeyan quarry
had established the travel time to Kowen lorest station, and this’
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~ was used for timing the two Queanbeyan shots.
RECORDING. STATIONS

-~ Sixty-seven recording sitesvwere occupied by BMR remote
recording.stations; Records were also obtalned at the permanent
observatories at Riverview, Cooney and Kowen Forest. Sixty six -
stations between Marulan and Bass Point and between Marulan and.
;Ardlethan_werejoccupied,_ A single station was occupied at Bulga
‘29,5 km southﬁof_RaVensworth; principally for shot timing

purposes.

Recording site positions

The sites for the recorders were 1n1t1ally selected at
5 km 1ntervals along the traverse. Considerations in choosing
the,flnal sites included access1b11ity,.rOCR'outcrops,'protection
~ from liVestock and permission from the property owner.’ Most

'sites'were placed close to their initlally chosen positions.:

_ Where possible, the seismometer was placed on a rock
outcrop. Otherwise it was buried in soil to provide better
'ground coupling and protection from wind and livestock. The

. recorder and battery were covered by plastic sheeting. =

A total of 15 recordlng systems was avallable at the
t1me of the survey, and to occupy all the sites it was necessary
to shift them along the traverse. The stations were left at each

site until at least one shot was recorded from the maJor quarrles{

.They were then ‘moved further: along ‘the traverse. The sites were

v151ted,.when necessary, to change batterles and tapes.

Slx statlons (stations 17, zo 23, zb 29 and 32) were

.occupled by a three componcnt recordlny system. Three:component

_recordlngs were also made at the Riverview and Cooney observator- .

ies, operated by Riverview Lollege and the University of New.
England respectively. All the other stations were occupied by



vertical component systems.

'The.position of each site_Was marked on'l:lOO 000 topo-
graphic maps;when,the’station was set'up.. Bearings and, where
possible, distaﬁces, toiobjectssrecognizable on the maps were
noted.'_The;latitﬁdes‘and longitudes to within 0.1 minute.of_arc
were-fouhd by scaling off the positions on the topographic maps.

,Elevations of stations were found from the contours on the maps.

The positions of the three observatories were known previously.

Rock samples

Rock samples were collected from each site1Where rock
was exposed. -The samples were identified by a geologist at BMR
and the P-wave velocities and densities determined" These'are
listed in Table 3 with other relevant information for each

recording 51te
EQUIPMENT

Fifteen BMR remote recording seismic systems were used
on the survey. Of these, twelve used modified Akai tape decks
and three used Precisioh_Instruments (PI) tape decks. One'PI

system was run as ‘a three'COmponent system.

‘Akai recording systems

The Akai recording systems used on this survey were -
improVed versionsooflﬁhe Akai. systems employed on previous BMR
crustal SurQeys. The electronics-and tape deck were re—peckaged
into_a Single.Case 7ahd~power'was provided from a'single 12»Volt-
DC supply. This survey was the flrst in which the new versions

of ‘these systems were used

The seismic . recording system consisted”of-a seismometer,
ampllfler, tape recorder, calibrator, clock and radio, as well as
ancillary equipment such as powe1 supplies., Willmore Mk II1A or
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Willmore MK II Seismometers, fitted with calibration coils, were
used. The free periods’were”adjusted to 0.75’seconds;.fThelhigh
and low gainyseismic signals were_frequency modulated by a BMR

Type TMF-2 modulator before,recording.

BMR Type TAMS amplifiers were used in all recorders,

.'. The gain of these was adJustable in 6 dB steps from 48 dB to 120
dB. In addltlon, a low gain level 24 dB below the selected 1eve1 

- was also.recorded. Five switchable filters were provided, with

passbands of 0:01 to 0.2 Hz, 0.01 to 20 Hz, 0.1 to 10 Hz, 1 to'5

"~ Hz and 1 to 1oo Hz. The. 0.01 to 20 Hz filter was used during
'th1s survey. - - ' ' '

The tape recorders were modified Akai 4 channel lype
‘ 1730D -SS tape decks which used é 1nch tape.

A BMR Type SSC-1 calibrator, with current.outputs.rang-
'ing from 1/128 mA to 4 mA in ten steps, was used to calibrate the

recoxdlng systems

A BMR Type NCh 1 clock prov1ded a coded time'signal,to
the recorder and also switched the recorder on and off at pre—set
times. - The system was initially programmed to switch on at 1100
hr and switch- off at 1800 hr 1L.S. T ' However, to take adyantag

of'earlier shots the program was modlfled to sw1tch the. recorder

.oneat'0900 hr. VNG t1me signals were received.on modlfled
-Labtronics Model 20 radios. Reception was usually good on a

(O frequency'Of 12-MHz, The clock and radio signals were recorded |

directly on tape.

PI recording systems'

The PI recording systems were s1m11ar to the Akal-

- systems, but employed a. separated Precision Instruments Type 5107

seven track tape deck which used & 1nch tape.
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. The radio channel and two se1sm1c channels were
frequency modulated while the clock signal was recorded dlrect]y

on tape. The_modulators were.oontalned in the tape deck.

Twoh12 volt DC supplies were needed to power the system.

Three-component system

A PI recording system was modified to a three—component

system.. Two additional TAM5 amplifiers; power supplies and cabl-

ing were added to provide_two extra seismic channels.

Three Willmore Mark' II seismometers were used, two in
the horizontal mode and one vertical. The horizontal seiSmometers
were aligned along north-south and east-west axes when setting up.

Six channels were recorded. These were the clock'und'
radio s1gnals the hlgh and low gain vertlcal seismic component

and the two hlgh gain horlzontal components

Battery and tape life -

A single 80 amp-hour lead-acid battery was used to

-power'each'Akai system. Lach PI system was powered by_two

batteries.

When the Akai system was recording the current drain
was approx1mately 1.65 A. The current drain on stand -by was
approximately 0.9 A, -

'With the system programmed for nine hours each day,-the
reliable life was found to be about 2% days, i.e, about 20 hours

recordlng time and 40 hours on standby This was varlable, and

- apparently depended on- the Anitial state of charpe of-the

~ batteries.



=9

_ - For the last week of the survey two batteries in
‘parallel were used for each Akai. They were therefore able to

operate unattended for five days.
The tapes normally used were 1200 feet long. . 'With a
record speed of 1b/z56 1nches per second, the tape life was 68.3

_ hours. Tapes 1800 feet long were also used in some cases.

Shot-timing recorders

Two'shotetiming systems were constructed prior to the

_survey.j The output from an SIE 2 Hz geophone was amplified by'a{"

"TAMS - ampllfler and was recorded on. a Hellige Hellcoscript chart
recorder. VNG time signals from a Labtronics Model 20 radio
receiver were recorded alongside the-geophone output.

The Sprengnether portable selsmograph used for timing

' Ardlethan shots has been descrlbed in the section on shot tlmlng
'COMMENTS

At the t1me of wrltlng this report, most of the field
tapes have been played back, and arrlvals picked on the records.
However, the data have not been analysed and the comments glven

here are therefore preliminary.

E Out of a total of 73 shots, ‘nine were not recorded by
any station. Of these, one was flred outside the recordlng time
slot, five were less than 1000 kg, and three were small shots
(less than 4000 kg) from the northern quarrles

The overall recordlng success is shown in Figure 4,  All. .

possible recordlngs of shots are shown as squares. The shaded
squuros 1oprcsan JCLOIdH on which urrtvuls have beon picked. The
‘rest. showed no ev1dence of a seismic arrival, or were so poorly
recorded that afrival times cou1d not be picked. There was a
total of 921 possible recordings, ol which 269, or about 29%,.were
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sufficiently large for an arrival time to be'picked.

It is difficult to draw conclusions from the results

of this survey, about the max1mum useful recording distance for a

- particular shot size. The variables 1nvolved include shot delays'
and - shot pattern; the 1oca1 geology of the shot and recording

site, 1nstrumenta1 factors such as gain and- frequency response

and the noise level at the s1te.

An analysis was made of shot size versus distance at

- which useable records were ‘obtained. The results are inconclusive.

because the picture is distorted by exceptional shots being
recorded to anomalously 1arge distances, and non-uniform distribu-

tion of recorders during the ‘survey.

~Failure of thesclock was the most common instrumental
fault. One PI and_onetAkai_system failed to record any seismic
information during the first three weeks of the survey, resulting
in the loss of recordings at seven stations. Four of these
stations were re-occupied in the final.week of recording.

The three—cdmpOncnt'PI system suffered tape tranSport

problems and the clock time code signal was incorrect for most of

‘the recording period. One Willmore MK III seismometer was found
‘to contain water. In elevenrcases, the recording system was_not
operating when the site was visited. :Eight malfunctions were due
to the battery being flat, one due to a broken power cable, one
due to acc1dental activation of the automatic stop sw1tch on the

- tape deck, and. one " due to the tape running out.

It 1s proposed Lhat iuture ‘surveys ol this Lypc be

g conducted on- a SLlear basls to. that used on the last week of -

this survey. The stations would be left. at each site with-
suf[ic1ont buLLor1os to 1mst for d;week_of programmed recording.
.This would require 1ess manpower for operating equipment.f.Also;
the probability of recording at 1eastfone.1urge shot at each site

. would be increased thus providing a more uniform coverage ‘along

'~ the recording line.
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APPENDIX-li
.PERSONNEL AND VEHICLES_ 
The_fiéld wofk was undertaken by the foliowing persohnelzl

D,M._Finlayéon (Party Leadér)
| J.B. Connelly . -

B.J. Drummond

.C.D.N. Collins’

J.W. Williams
" D. Denham (part time)

J.P. Cull (part time)

The véhicles;used during}the‘éurvey were:

5 L.W.B. Landrovers
1 Ford Falcon panel van
1 International 1350

Thé.panel van was used mainly for shot—pdint recording’
in the Ravensworth.and Sydney areas. A number of mechanical

faults occurred-with the Landrovers and it was necessary to

replace one with:the International towards the end of the survey.



-17-

TABLE 1. - Participating Quarries

QUARRY -~ - OPERATOR ' TYPE - . No. of Shots

Marulan  Blue Circle Southern  Limestone 19
L Portland Cement »

‘Ardlethan Ardlethan Tin NL Tin 9
Bass Point 'Pioheer-Concrete ~ Blue Metal S
Aibioh Park-. Farleyvand»Lewérs ~ Blue Metal 2
Dunﬁore 'Blue Metal and Gravel Blue Métal < g
Prospect .~ Blue Metal and Gravelv- Blue.Metal ‘ _Bh
Wallgrove Pioneer Concrete s Blue Metal 2
Queanbeyan Readymi x Cement ﬁ-” / Qlue Metal o 2
Hall' Albion Reid Blue Metal 1
Rdvensworth .Costain Aust. Ltd Coal’ . - 16
Swamp;Ck.  Hebden Mining Co. - - Coal - 4
Foybrook .Cluthé Development " Coal - 7
Howi ck '_Clutha DéVelopmeht , - Coal : | 4
Notes

‘1. . Two shots from the Ravensworth area have been tentatlvely
' identified as Ravensworth shots. :

2. . Two shots, tentatlvely 1dent1f1ed as Foybrook shots, may be
- from How1ck , _ . 5 -



TABLE 2,  SHOT STATISTICS.

as

2.9

‘SHDT |  QUARRY | CURIGIN TIME LATITUDE
NOL | D - H M SEC - DEG  MIN
B - MARULAN 29 15 @ 0AA,37-| 34 47.%
2 | ' RAVENSWORTH P 12 39 42 .08 32 26,3
3 "ARDLETHAN I 16 P 34 20,0
Ny MARULANM 1 1S 37 41,2R 34 46,4
5 SWAMP CREEK 30 37 A% 34,51 12 24,%
6 BASS POINT I 17 -3 : 34 3k,
7 "RAVENSUWORTH . 2L 11 "% 24,12 32 24,9
8 HOWICK 31 13 45 19,44 32 Pk,
Q MARUL AN . 34 18 Um 48,80 34 46,8
10 ARDLETHAN . 32 11 44 21,19 34 2,0
14 MARUL AN .32 s 15 e ot 0. 47,3
1? MARULAN . 32 15 u 4,52 34 4s,9
13 RUEANBEYAN 2. 1S 49 23,40 35 23,9
14 HALL = . Y2 16 22 4% _80 15 NS4
15 | RASS POINT s 10 271 34 36,1
16 "RAVENSMORTH 33 11 4% @y,12 32 .26,3
17 SWAMP CREEK 33 14 19 \7.27 32 24,3
18 MARULAN T3 15 a7 43,81 34 47,1
19 ARDLETHAN 34 m9 Sy 23.1Q 34 Po,n
22 | - CONTAMUNORA Mmoo a2 34 39,4
21 DUNMORE - W11 S0 28,08 34 36,6
22 HOWICK X5 1% M2 27,48 12 2k,
23 FOYBRONK 36 13 a5 13,12 32 22,9
eu. MARULAN 36 1% 43 59,95 34 46,4
2s MARULAN 37 15 27 47,88 34 47,3
2k ALRION PARK- | 38 11 Q7 ©0,56. 4. 35,2
27 SWAMP CPREFEK 18 11 37 S2,4AR 312 24,3
R RASS PNINT I8 16 25 SB.52 | 34 . 3A,1
29 " ARDLETHAN I8 16 P8 43,20 34 20,0
in WALLGROVE 9 13 ap 33 OR,N
-39 FOYBROOK. X9 13 45  2a,01 312 R2.9
32 RAVENSHMORTH 9 43 47 41,.2S - '
33  MARULAN - 319 - 15 47 75,93 34 46,8
34 QUEANREYAN 19 1S %9 16,30 | IS 23,9
35 RAVENSHWORTH ag 1”85 17,70 ~
34 MARLL AN 4@ 15 4y Q7,80 34 46,9
37 RAVENSWNRTH 4N 18 4% . '
38 ARDLETHAN 4n 16 25 24,90 30 20,0
39 OQUNMOREF: 4y 1A 1 0n.20 | 34 34,6
an . PROSPECT 4y An Ay 22,30 3% 49,4
a1 ARDLETHAN. 41 . 12 S8 Mp.40 34. 2n,0
42 MARUL AN 43 15 4B 18,03 34 4e 4
4z ARDLETHAN 43 16 3B S8,3n 34 2;,M
44 ‘RAVENSWORTH 44 1y 43 28,96 32 25,2
45 | - B8ASS PODINT 48 13 S5 05,15 | 34 36,1
. U4k MARULAN 44 1S X7 43,64 | 34" 46,8 |
S 47 | - RAVENSWORTH 48 12 U4 0B.14 | 32 25,3
4R | SWeMP CREEX 4% 13 39 12,00 | 32 24,3
49 FOYBROOK 13 44 #e 42 | 32



-~

NQ,OF

DEPTH

n2.1

LONGITUDE WEIGHT DELAY | TOTAL WEIGHT/
DEG MIN. (KG) HOLES | (MS) NELAY (M) | HOLE(KG)
180 A1,5 575 1 AN 119 4%
151 ?2,1 | 28790 25 S0

146 59,2 R - [ e5/3m '

180 91,8 3450 11 42 | 11 Inn
151 04,5 1N8AY ' o
150 53,0 LY 18 12 130 9 24

154 7,2 9000 2s AN -
1580 57,3 - ' . I
153 01,6 | 3MBk 11 1m 110 270 4
146 51,2 | _ o : \
180 71,5 A0 14 1 140 NS
180 01,5 3800 16 1e 1A 270
149 13,2 '

149 080,58 943 b ! 12 36

1% 53,2 1771 f2 j1a/17 _ 89
151 M2,.1 22000 25 100
161 Q4,5 7710 46 181
150 m1,5 1R43 7 NIL NTL 271
146 . 51,2 1600 40 25/30 . ap

147 89,9 ' .

150 49,3 725 13 39 76
150 S7,3 33815 67 17 1112
151 22,1 89017 a9 1e :

150 01,8 3076 1 20 304
160 01,5 . 877 15 10 45
151 04,5 3810 23 ) 181
150 53,0 934 11 17 187 27 85
146 51,2 4nre &7 25730 9 61
150 49,5 s

151 02,1 U91h 30 10

150 7Y,6 2806 11 NTL NIL Iny
1“9 ) ,392 :

180 Q1,5 3860 14 10 1an 271
146 51,2 1021 21 25730 7 49

_____ 150 49,3 T48 - 10 NIL NIL o 73
160 S5.2 . 22TH 18 12 : ' 7 126
106 S1,2 o o
150 1,8 - 28NS RN 20 30y
146 81,2 1800 In | 25/30 11 60
151 02,1 18000 _ 25 .1 1175 '

150 S3,2 1744 38 |[1as17 _ 13 | 46
158 21,6 2893 9 | NIL | NIL 391
151. 02,4 13000 . ' 2% 125 :

151 04,5 9ATH 46 - . 181
161 ; : '




TRBLE 2. CONTINUED

SHoT | RUARRY. 1 origin TmE LATITUDE

NO. | | b W M sec DEG = MIN
S50 .y 0 DUNMORE ' 45 13 85 , I 36,6
51 MARULAN 4% 15 3@ 11,13 | 34 47,3
52 ARDLETHAN 45 te 14 2p 37 34 om0
53 | MARULAN | a6 15 37 a9.0% 34 46,9
S» |  PROSPECT I3 15 X6 33 49,0
- 8% = PROSPECT. 0% . 5 M4 33 49,4
56 HOW1CK K 41 1Y A 11 TA | 320 2a.1
57 HOW]CK ‘ 46 12 1S ' 32 26,1
58 - FOYBROOK .- 133 13 g4 33,62 12 22,9
S9 | FOYBRONK 46 12 . 3p 32 22,9
6m | MARDLAN a3 15 35 AP, 4S5 4 46,7
61 [ MARULAN =~ Py 18 35 26,54 34 46,8
62 MARLJL AN | 0d 15 35 34 47,2
63 WALLGROVE S 12 4@ 21,13 | 33 4A,0
ba RAVENSUDRTH 7S 13 P1 46,38 32 °s8.2
- 65 MARUL AN : 'mS. 15 31 35,02 34 46,9
6h 'ALRlﬂN PAPK ' neé 14 16 32,97 34 3K,°
67 : ARDLETHAN nT 12 3% , 34 2n,0
.68 BASS POINT = | mé 16 32 43,92 34 36,1
69 MARUL AN | m& 45 a7 48,73 34 46K,8
70 RAVENSWORTH. -l @7 1% a5 32 25,8
A . DUNMORE P4 1A 4e A3Z .69 34 36,6
e -FOYBROOK ' n3 1% A4S , 32 PP.v
13 FOYRRONK P4 93 45 46,74 | 32 22,9

NCOTES

1. Shot numbers are not necessarily in.chronologicnl order.

2., Origin time-(time'of detonation of shot) is riven in days, hours, minutes
and seconds. Days increase from 29 (29th March, 1976) to 46 (15th April,
1076), then from 03 to 07 (3rd to 7th Hay, 1976).

3. Latitudes are south latitudes and: 1onn1tndcs are nﬂ"f Jonthuueu.

b, Vieight is the total weight of explosxves detonnted.

5+ HNo. of holes is the number of drill holes used to load the exnlo :ive, The

" weight of explosive -in each hole is also given.

‘6, The delay, in milliseconds, is the delay between detonation of rows of holes .
in the-shot pnttern. The totnl delay-is the delay, in mL]11socondJ, between
the flrut And last detonations in the shot., :

7. The.average depth of the snot—holes,lsfgivén in nietres.



LONGITUDE CWEIGHT | NO. OF | DELAY | TOTAL | DEPTH |WEIGHT/

_DEG . MIN. (KG) | HOLES | (Ms) | DELAY |- (M) . | HOLE (X6)
1S58 49,3 | - ST 1o | NIL NTL ] a3
150 . m1,5 | 332 | 8 1@t 84 | 1@ | 48
146 S1.2 1070 24 | 2s/30 o 7 45
150 01,5 | 3139 t3. 1 16 | 130 | . 3
150 85,2 2270 | .38 | 10 A . kO
158 55,2 2555 | 2% 10 . By 1 te2
150 S7.3 27501 Te | 17 |- ' :
150 S7.3 | 25125 | 89 . 17 -
151 02.1 3928 | a@ 19
151 . 02,1 . 4392. | . &9 | 1@ .
152 A1.6 2250 9 NIL
150 my.6 | 2250 9 | NIL.
150 21,5 RT® B T
150 49,5 7493 | | '
15y 02,2 aen00 | ?5 | 715
159 01,5 . 3427 13 | e | 10e.
150 88,1 | 964 17 16 | :
. t46. Sy1.2 500 | :
1 150 53,9 2768 |. 63 |ia/17 12 |
F150 My.e 3798 . 13 10 130 271
. 1SY me.2 | 28200 as | 115a | o
L 150 .- 49,3 839 | 1@ | NIL NIL.. | 1 82
L 151 82,1 : - _ :
191 02,1

57




TABLE-3, RECORDING SITES ' A A » ‘ :

No. ABREY. . MME . LATITUDE  LOSGITUDE - ELEVATION © SEISWOMETER - ROCKTYPE - DESITY  VELOCITY ST TAPE  GAIN
o c ' . ‘ ' L ' e Te T  te v lséc-1 Mo, Ko, , @
1S SIBMLHIL W 352 150 4.6 140 B PORPHYRITIC RKYOLITE 246 3m0. 016 3. o
2 WE WILKOE . 3 35, 150 46.0 105 R B E . o 1 o
300 0SB SUNNYBANK 3 353 150 A21 184 B ©PORPHYRITIC DACITE (¥) 265 . 4610 ng 3 @
VKM RUPSACKHILL 3 357 150 387 70 B - | o 2 .
S RH  RAMELGH 3 36,3 150 364 - 682 B om 3w
6§ SO SPRINGDALE B 3B 150 W5 680 8 m 2
7 M AMELIAMILL 3 32 150 3.8 Me B 09 3 .
8 FF FITZROYFALLS 3% 38.9 150 28.3 617 R - - M 1,23 %0
9 RL . REDMILL . 3 304 150 26.2 657 - R SANDSTONE 231 3830,3020 . 018 1
10 W MY 3 A0 150 2.9 - 580 B | ow o me A
1M BN BUNDANOON . 34 A1 150 1.9 630 B A o ‘M6 N
12 ..M Tewrs 3% M5 - 150 WS, 600 R SANOSTONE (F) 2.3 .~ 210,280 oM 2 . 18
13 ¥ O WINGELLO © . 34 425 . 150 10.0 640 R TERTLARY FERRUGINOUS  ~ 2,3 3610 o8 . 1,2 . 84
- f & , _ ' GRAVEL (i) " '

T 86 BULAKGALONG 34 3.9 150 08.1 680 8 | P15 B
5. WP HAVENPARK 3 M8 - 150 05.6 660 R TIRTIRY FERRUGINOUS 2,52 . . S\0 oM 1 &
. L ' ' o T GRAVEL (F) e |

16 M0 MRULA 3% a0 150 00,9 540 K DOLOMITE (F) 28 wo w1 m
17 - p0 PRAIRIE OAX 3 6.6 0 149 59 615 R ' ‘ M- (D)
18 65 GLENLOSS 3 M3 180 5.6 - 688 8 09 1
19 RE . NARIONVALE 3 A5 w9 514700 R . 016 1%
0 % BOXERS CREEK 3+ 45,9 149 48,2 680 B RHYOLITE (F): 55 4570,6420 P14 - (30) |

2 M CWUNTERAY 3 AS4 19 S8 T R . ARDSTONE (F) 262 WA 01 1 8
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TABLE 3. (Continued)

"Hoo  ABREV, - HARE LATITUDE LONGITUDE  ELEVATION SEISMOKETER ~ ROCK TYPE DENSITY YELOCITY SET TAPE GAIN

0 ! o 'Y 0 ta'3 nsec'1 A 890 Roo | d@
2 W6 HONGAJKEG W MJT 189 39,7 640 B s IR
23 K KIPPILAE 3 45,9 149 35,9 660 B M-t (30)
2 KT © HILLCREST 3 44,9 09 3.9 708 B o1 1 %
» W ¥ILLOVALE W 45 148 21,7 172 R CSHEARED PORPHYRY (¥) 238 3690,200 019 1 90
% I HUTHUT3ILLI W M8 180 2.9 M0 B GREYWACKE (F) 2.60 59903410 P14 (30)
2 TE TOLLOALE TRV 149 18,7 620 - R GRANODIORITE (F) 2,69 5620 06 1 8
2 A AVONDALE 3 44,2 149 15,4 590 R GREYWACKE (F) 2.58 3980,1240 P14 (3D)
30 ON DaLTON OB A3 149 11.0 540 B ' 0n? 1 13
3 R DAYES ROAD W 3.4 189 08,6 550 B 018 1 8
12 BY  BROADWY  3b 42,1 149 05,4 620 B | M-t (D)
33 CE  CLDESVALE 3 43.0 143 01,0 661 B BLACK CHERT (F) 251 030,330 015 1
35 WA WARGEILA W M.7 148 53,7 660 R 016 1,2 &
N 10 ADARE % M3 148 47,6 556 R n9 1,2 50
39 GN - GLENLOTHIAN B 40,3 148 8,2 545 B nr 1,2 %
M 6 GARRYOVEN 3 40,8 1#8 3.3 440 B 001 2 78
B o CASPSEE PARK 3% 38.8 148 28,1 380 R GRANODIORITE (F) .59 80 015 2 78
" TA TRILWA . 3% 383 B8 250 443 R GRANODIORITE (F) ©2.69 M50 015 2 8
35 EE CEULIE 3% 38,5 18 21.9 508 R GRANODIORITE (¥) 2.57 1510 o1 2 o
46 MK MOUNT RURRAY 3% 37,9 148 18.6 460 R GRANODICRITE (F) 2,72 5400 Ot 2 78
47 ] COLL [nG¥00D W 31,5 W8 15,0 W2 R SHEARED GRARITE (1) 2. 2350 - 0w 2 84
48 ) EASTYO00 W 36,9 18 1.5 540 R AMPHIBOLITE (F) 2.93 3240 nr 2 o
3 SE SUNSHIE B 36,9 18 8,3 538 R QUARTZITE (F) 2.61 4680 s 2 78
50 KO HUMROE % 36,6 . 18 55 430 R HORNFELS (F) 2.62 410,220 019 2 N
R 2 &

s RT ROSERT BoIBS W 2.2 380 SAKDSTONE (4) 231 WT0,230 019




TABLE 3.. (Continued)

No. ABREV. ~ NAME LATITUDE LONGITUDE ~ ELEVATIOR  SEISMOMETER . ROCK TYPE DENSITY  VELOCITY SET TAPE GAIN
0 ' 0 ' ° . -3 -1 No, No, &
ta asec
52 WK NOODBURN W33 1 581 W R PORPHYRY (W) 2.49 B0 - 001 2 8
53 KY KYOGLE 3 35,6 147 55,6 k1Y) R PORPHYRY (¥) 2,45 3070 07 2 90
5 SV SPRINGVALE W W9 1T 52,4 336 ] : 016 2 84
55 T0 TRURO W 3,3 1T 49,7 370 R SHEARED PORPHYRY (W) 2,57 016 2 8
56 6L GLEKLEA 3 33,6 147 46,2 00 R SANDSTONE (F) 2.53 470,1420 001 2 84
57 c6 COMBANING W 33,0 147 424 360 B ' M-
58 sL SINCLAIRS LANE 3% 29,9 147 38.8 280 B 008 2
, ! . , 84
. _ 007 3
60 KM NARNDO MAR 34 30.1 147 32.6 315 R SILTSTONE (¥) 2.35 3730,38300 007 2
62 TF TEMORA FOREST 34 28,6 . 17 %8 B :] GRAKODIORITE (¥) 2.68 5400 o 3 B
SANDSTORE (W) 2.4 #150,4650-
63 GV GLENWARREN 3% 21,5 17 22,0 300 B GRANITE (F) 2.64 3200 M-
o4 6! ©  GLEN IRA 3% 2.4 17 15,7 310 R ‘ 008 192
: 84
_ 015 3
65 KA KOOR INGA 26,7 147 13.6 300 B 009 2 12
66 KN KELROAN 3 W9 147 10,4 292 B 007 2 84
67 B8 BILLABERRY 3% 25.0 147 08,3 300 B M- 72 -
68 YY YARRANJERRY 3/ 25,5 147 06.3 300 R GRARITE (F) 2.56 3380 014 3 %0
69 ™ TRACTON 3 2.8 147 03,5 296 R LEUCOGRANITE (F) 2,56 2220 007
: - ‘ 009
10 GA GLEN ALLEW 34 22.6 146 59,4 280 R 012 A 90
'- _ : - 12
n MD. NERALDON 3 20,9 146 55,7 230 R SANDSTONE (F)- 2.5 3250 007 1 8
12 HY HILLVIEW W 204 6 526 0 R SILTSTONE (F) .5 310,230 007 %- 12




(1) Selsacneter placenent: B - Burled in sol1, R = on rock outcrop.

(2) Rock saspies froo recording sites. F o Fresh, U = weathered,

(3) Rore than on velocity indicates anistropy of sasple.
(&) Set Huobers are for Akals, unless otheruise Indicateds

- TABLE 3. (Confiqued) »
Mo, ABREV. WME LATITUDE LONGITUDE  ELEVATION - SEISHOMETER 'ROCK TYPE DENSITY  VEWOCITY  SET  TAPE  GAIM
. o ! ‘0 ¢ o ; : ; 4 -3 oeoost. 0 Hee o Hee - - @B
o - T : .
£ A MOLETWN 3 197 wE SLS 2 R HINERALISED 218 oS00 |
| o T ‘ ot et | PORPHYRY (F) R , ~
8 BA°  "BULGA - 32 42,0 150 58,6 - 107 R TUFF (4) 217 2590,2360 012 1,2,3- 8
1 KON KOWER 3B 173 19 1.9 792 . | | '
76 RIV - RIVERVIEY 33 49.8 151 09,5 2 -
1l 00 COONEY 30 3.7 151 53,5 63 - |
78 0K oKl % 2.0 147 01.9 %0 - 8 - 172
J0TES
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Fig.2 QUARRIES. AND RECORDING LINE USED
" ON 1976 CRUSTAL SURVEY
~ AND GEOLOGICAL PROVINCES
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3 _ :
_4§ L = R # -' ' : CHARGE. SIZE UNKNOWN FOR THE
Y g I g gy = :
R 'F.lg.-3 ,__SHOT SIZE AND EREQUENCY. ':_FOLLOW'NG SHOTS
s e : —— — . "y v
o . _ : .
X
18 Churge s:ze of shots fired durmg the survey (over o totcl penod of 22 duys) : _-Ravensworth Shofs 32 35 37
"Charge size mterval 1000kg ' ' ,Foyb_roqu : v 49,72,73
- : — : = : = ~ Howick 7 --'8 _
'-MARULAN | B ¥ ,ARDLETHAN . BASS POINT ALBION PARK L A'rldl_e'fhon B 3,10,41
e b DUNMORE, PROSPECT , e el Tt T e T
d ' QS "Waligrove 30
' : - WALLGROVE L , :
' o - Albion..Park - 26"
® B e e Cootamundra # 20
g 367 L6 ootamundr i
B e d =
Q. “ : “~ 5
b : § y/ § Shots 13 cnd 34 at Queanbeyan - -
§  § 2—/ o 5-2— and Shot 14.at Hall were approx-
: - /// % . 7 imately 1,000 kg '
T E ' 0 ] vl " g Y S
© 5600 e 0 5000 0 . .5000
Shot size (kg_} : Shot size (kg) Shot size(kg)
RAVENSWORTH, SWAMP CREEK,FOYBROOK,HOWICK
6- B U : |
v , ,
s o _
Ba .
2 , ,
: | 0% 77 . o’ A
0 5000 10000 15000 zoooo "zsooo B 30000 - . 35000" 40000 45000
2 '  Shot size (kg) o '
1z : ,
[oe]
o
o
> P
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Fig.4 Recording_Success
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T (OO |~O
WP W[W[W[W|M
S
T
A
T
I
0
N
S b
: ]
kN6 S B
BB 67 r —
YY 68 ] L W W]
TN 69 ) .
] | ‘ - N W W)
MD 71
HW 72 [ | B
AN 73
BA 74 || | | | I 1
OK 78 -
' ' SHOT ABBREVIATIONS:
D No usable arrival recorded RW - Ravensworth PP - Prospect CO - Cootamundra
SK - Swamp Creek AP - Albion Park AD - Ardlethan
) B Arrivol recorded HK - Howick BP - Bass Point QB - Queanbeyan
FY - Foybrook DM - Dunmore HL -Hall
For station abbreviations: See Table 3 . :
WG - Waligrove MU - Marulan
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