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P3:3=01'.

Results are given of a scismic

survey carried out by the 3urcau of Yineral Resources

at a proposed site for a new bridge across the 1olonglo

River at King's Avenue 5 Canberra.^The objects of the

survey were to determine the depth to bedrock and to

obtain information on the nature of the bedrock from a

study. of observed. seismic velocities.

Profiles are given showing the calculated depth

to bedrock along the four traverses surveyed 5 and a plan

of the surveyed area shows those portions of the traverses

along which bedrock with low seismic velocity was

indicated.^Drilling results show these low-velocity

zones to be weathered shale 9 partly fractured 5 sheared

and faulted. In the area outside these zones 5 the bedrock

has sufficiently high seismic velocity (9 5 500 to 16000

ft/sec) to indicate satisfactory foundation rock,

The seismic velocities are used for a rough estimate

of Young's Eodulus values for the various rock types:

indicated.

No information was obtained on the formations in

the river bed..



1.^INTRODUCTTON.

In response to a request from the Department
of Works, Canberra, the Bureau of Mineral Resources
carried out a seismic refraction survey of a proposed site
for a nei; high-level bridge across the Molonglo River at .
King's Avenue.^The position of the bridge is determined
largely by the general plan of Canberra.'

The objects of the seismic survey were to determine
the depth to bedrock at the bridge site and to indicate the
nature of the bedrock from observed seismic velocities
The survey was carried out daring May, 1956.

Sixteen drill holes between 30 feet and 77 feet
in depth were drilled close to the river before the geophysical
survey was carried out.^They are described in a geological
report on the site by Gardner (1956),

A test to ascertain the applicability of the
resistivit7 method to the determi.•ation of the depth and
thickness of gravel beds in sections known from the drilling
results showed that the beds were too thin for the method
to be successful.

The topographical survey of the geophysical
traverse lines was carried out by the Department of the
interior, Canberra, which also suo ,lied traverse plans and
sections.

The gelignite and storage facilities were supplied
by the Department of Works, Canberra, w hich also provided
four field assistants.

The geophysical party consisted of L.V.Hawkins,
party leader, a:d J.P. Pigott, field assistant.. W.1 1—Wiebenga 7

Senior Geophysicist, accompaied the party during the survey.

2, G,g)LOGY.

The geology of the Canberra city district has
been described by Opik (1955) and is shown on the geological
and tectonic maps of Canberra (Opik, 1953a and 1953b).

The geophysical stations, with the exception
of these on the western portion of Traverse A, are located
on alluvium.^On the western portion of Traverse A, the
City Hill Shale is present under soil cover.

The St. John's Beds crop out a few hundred feet
beyond the north-eastern end of Tra7erse C, and either these
beds or the City Hill Shale may form the bedrock along
Traverse C.

The City Hill Shale is a dark grey, calcareous •
shale with limestone _bands and lenses azed does not (ontain
any volcanic material.

The St. John's Beds consist of volcanic rocks•
(tuffs and porphyries) interbedded with tuffaceous T:ludstones,
sandstones, limestones, shales and tuffs, with . lirlestone
nodules. The St. John's Beds overlie the City Hill Shale
but the contact is not exposed.^Both fonmtions are Loweis
to Middle Silurian^c=ge.

The drilling results (Gardner 1956) .show that close
to the river very weathered shale underlies the alluvium and
that a probable fault zone exists just north of the river,



2 .

Th:, terms ''overburden' (alluvium and weathered shale)
and "bedrock" ; as used in this report ; refer to rocks in
which the seismic velocity is 5500 ft/sec or less ; and 6700
ft/sec or more, resnectively.

3. M2TH0D

The seismic refraction "?:ethod of Differences" ;

which was used on this survey, is described in detail by
Hawkins (1Y57)^An ex7losive charge is used, as a source
of elastic waves which are refracted and. reflected at
SZi6MiC velocity discontinuities within the ground. The
travel times of the first arrivals of the elastic waves
from the shot point to a series of detectors (geophohes)

• are recorded.

From the recorded travel times ; the depth to
bedrock may be computed. Also, by removing the effect
of the overburden on the travel times the horizontal changes
in the velocit ,' in the bedrock may be reliably estimated.

A seismic velocity log of the drill hole near
station B27 was taken to a depth of 28 feet ; by detonating
small charges at different depths :n the drill hole. The
results were used to assist in determining the velocity in
the overburden.

The geophones were spaced at intervals of 40 feet
and 10 feet.

A "Century Geophysical Cor ,-)oration" 12- channel ;

portable refraction seismograph was used with "T.I.C."
geophones of natural frequency 20 cycles per second.

4. RiSUITS.

The location of the seismic traverses and the low
velocity zoes in the bedrock are shown on Plate 1.

The depth to bedrock ; the velocity of compressional
seismic waves in the bedrock ; and the velocities in the
overburden are shown on Plate 2.

Southern bank of r -ive7.

On the southern bank of the Molongio River ;

traverse B and the eastern part of traverse A show a layer
of alluvium in which the seismic velocity ranges from 1 7 200
ft/sec in clayey and sandy alluvium at the surf.:de to 4 7 000
ft/sec in water-saturated sand and gravel at the base. The
seismic results show the alluvium to be 20 to 30 feet thick.
An intermediate layer with a seismic velocity of 5 9 500 ft/sec: 2

-referred to as weathered rock on Plate 2 9 underlies the
alluvium and is shown by the drill logs to be weathered shale.0

The bedrock has a seismic velocity of 10 2 000 to
10800 ft/sec, except for a low-velocity zone of 6 2 800 to
7 7000 ft/sec between stations 327 and. E26 and from station
LO to the end of tr•erse A (A 1 3). The depth to bedrock

in the low-velocity zone is between 71 and 91 feet.

The de -oth to the higher-velocity bedrock ranges
from 70 feet (at B26) to 30 feet (at B33) on traverse 3
zd from 67 feet (at A9) to lbr feet (at A3) on traverse A.

"Or -.h --n bank of river.

North of the river ; traverses C and D are on
L11uvium withseismic velocities similar to those recorded



S2TSTC WAVE(
V•LOCITY (V)
(FT/SC) 

'Sandy soil^1200

YOUNG'S ^1/;ODULUS (2)

lbs/sq.in.^dynes/cm2 

0.016 x 10 6^0.01 x 10 .1

ROCK TYPE

Alluvium

p and agravell^4000^0.28 x 10 6^0.19 x 10 11

4
Intermediate layer- 2L) 0.59 x 10' .41 x

;^very weathered shaler.::

sheared, weathered

I shales

6000 to^0.73 x 10 0 to 0.5 x 10 -11 to

7.000^1.1 x 10 6^0.76 x

'11
0500 to 12000 2.1 x0

6 
toi 1.5 x 10"

to
307 x 10 6^206 x 10 11

Unweathered shales,

sandstones or tuffs

1 Limestones or

1 rhyolites 1 60 00 .0 x 10 ' 4.8 x

Jo

on traverses A and h. No indication was obtained of the
5 5 500 ft/sec intermediate-velocity layer which is present
o the southern bank, but a Thw-velocity bedrock (6 7 000 to
6,700 ft/sec) occurs on travel se D and between stations
C45 and the end • of traverse C (C42),^The depth to the
lbw-velocity bedrock is between 22 and 31 feet.^Between
C/6 and the other end of traverse C (CO) the velocity in
the bedrock ranges between 9,5j)0 ft/sec. and 16 5 000 ft/sec0
and the thickness of the overburden is between 22 feet
(at C46) and 59 feet (at C60)0

The quality of the rock, for engineering considerations,
can be roughly estimated from the recorded seismic compressional
wave velocities w.th an estimated maximum error of^30 per
cent (Hawkins, 1957)0^Table 1 gives the estimated 7oung's
1;odulus values for the -various sd5mic velocities recorded.

Table 1.

The Young's Nodulus values are calculated from
the empirical formula

E = V^x 10
-3 

lb/sa.

Comparison with drilling results.

None of the drill hoes penetrated the higher
velocity (9 ; 500 to 16,000 ft/sec) bedrock shown by the
seismic results. The holes on t'-1,3 south bank of the 'Jiver
'osnetrated soft, plastic, non-coring weathered shale of
5,500 ft/sec. velocity, and those north of the river



penetrated mainly harder, non-,astic, weathered shale
which was indicated by the seis:lic results to be bedrock
of 5,700 to 7,000 ft/sec. velocity. The weathered
shale is fractured and sheared in places.

Six drill holes are located near seismic stations
and combarison between the depth to weathered shale determined
by drilling and the debth to weathered rock determined
seismically shows that at depths between 20 and 26 feet,
the seismic determinations are about 23 per cent too large.

5. CONCLUSIONS.

Interbretetion of the seismic velocities in terms
of rock types is shown in Table 14 It seems likely from
the drill1Lng -rsults that the we,7‘.thered, low-velocity rock
extnnds across the bed of the river between the two zones
of low seismic velocity shown on Plate 1.^These zones of
low bedrock velocity (6000 to 7000 ft/sec) may be
interbreted as sheared shale are nossibly form a fault zone
which has lrobably helped determine the resent position of
the river at ICing's Avenue. )

Becirock with a velocity of 9,90 ft /sec 02 higher.
brobaoly has a Young's 1 ,iodulus of 2.1 z 100 lb/sq. in. Or
greater, and should be reasonably good fo -cndati,h rock.
The velocity range of 9500 ft/sac. to 12000 ft/sec. is
consistent with that found in nor mal sedimentary rocks, and
the velocity of 16000 ft/sec. could be due to either limestone
or igneous rock (the borhyry of the St. John's Beds),
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