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SUMMARY

The Bureau of Mineral Resources, Geology and Geophysics (BMR)
carried out a seismic refraction investigation at a Canberra City
(Section 41) site on which it is proposed to build a multi-storey parking
possibly requiring excavation to a depth of 15 m.

Fresh to weathered bedrock (probably shale) depths were found
to be variable over the site but averaged about 4.5 m. Blasting will
be required to excavate this rock which has a seismic velocity of 1640 to
2160 m/s. Overlying this are clays (possibly sandy or gravelly) which
may be quite hard, and completely weathered shale. This material may
need to be ripped to some extent before removal by blade or shovel
equipment is possible.



1. INTRODUCTION

The development planned by the National Capital Development
Commission (NCDC) for the area on Section 41, Canberra City, bounded by
Ainslie Avenue, Ballumbir Street, the extension of Boolee Street, Bunda
Street, and its extension incorporates the building on the site of a
multi-storey parking station possibly extending to a depth of about 15 in
below surface.

A request to BMR was made by NCDC for geological information on
the site, and it was decided to conduct a geological and seismic
investigation so that an assessment of foundations conditions could be
made.

This Record contains the results of the seismic refraction work
carried out by the BMR Engineering Geophysics Group in December 1971.
The field work for the survey was done by a party consisting of P.J. Hill
(geophysicist), S. Hall (field assistant) and P. Furlonger (student).

2. GEOLOGY

The site lies in an area of Middle to Upper Silurian age
sediments belonging to the Canberra Group (Henderson & Strusz, 1971).
No rock exposures are visible on the surface and though the natural
surface has been disturbed the near-surface material (except perhaps. on
that part of the site concealed by the bitumen parking area adjacent to
Bunda Street) generally appears to be of a reddish clay and clayey soil,
dry to moist, gravelly in places and containing iron pisolites. The type
of subsurface material and bedrock is indicated along the southwest side
of the site by mapping done during excavation for the foundations of the
Monaro Mall (Wilson, 1961), from test pits and boreholes for a building
project southeast of Akuna Street and next to the present area of
investigation, as well as from an excavated storm-water drain at the south
corner of the site.

In the excavation of the Monaro Mall, weathered shale occurs
below a 1.3 in layer of clay soil at the east corner (nearest the site), but
over most of the excavation the subsurface sequence is 0-1.5 m clay soil,
1.5-3.5 in gravel with a sand or clay matrix, and below 3.5 in weathered
shale. The strike of the shale beds is approximately north-northeast with
a dip to the east; reverse faulting parallels the bedding plane. The
results of the backhoe testing and augering on the area next to the site
southeast of Akuna Street indicates a similar layering with the strata
generally laying as follows: - 0-1 in clay and sandy clay (dry to moist),
1-4 in clay, sandy clay and clayey sand (moist), 4-5 in clayey sand and clayey
gravel, below 5 in extremely to highly Weathered siltstone.^In the
stormwater drain highly weathered shale is exposed at a depth of about 2m,
the overlying material in the banks being clay with embedded pisolites.and
gravel.

prep.),
Bedrock
in the
and is deeply

At nearby excavations, Electricity House (Gardner, in
and Garema Place (Wilson, 1962) the geology was much the same.
is described as slaty mudstone at the former site, and as shale
latter; in both cases bedrock underlies several metres of clay
weathered.
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The water-table at the site is expected to lie at 5 to 7 m
below the surface (Henderson, 19(1).

3. ^THOD AND EQUIPMENT

The investigation of the site was carried out using the seismic
refraction method (Dobrin, 1952) which enables the subsurfaces geological
structure to be mapped in terms of layers differing in seismic velocity;
since velocity generally varies with type of material and degree of
weathering, boundaries between different geological formations can be
determined. In addition, the seismic velocity of a material is a good guide
to its resistance to excavation.

The equipment used comprised a truck-mounted 24-channel SIE
seismograph with 20-Hz TIC geophones as detectors. To provide detailed
subsurface information a geophone spacing of 2 m was mostly used giving a
spread length of 46 m. Shots were usually fired at the centre, at both
ends and about 50 in off the ends of each spread. Depths to the refracting
layers were calculated from intercept times taken from the time-distance
plots and by a method based on the 'reciprocal method' (Hawkins, 1961).

Since the site is within the city area, safety precautions had
to be taken and some modifications of the normal seismic refraction
technique made in order not to endanger passing pedestrians or motorists
by flying rock or soil fragments from the blasting, and to avoid damage to
surface structures (buildings, roads, pavements, etc.), as well as
underground pipes and cables. The positions of seismic traverses were
chosen so that as much of the site could be covered using the conventional
linear arrangement of geophones and shot-points. However, long shots could
not always be fired due to possible resulting damage, so broadside shooting
was necessary to obtain bedrock depths. In addition, relatively small
charges of gelignite (generally about 40 gms) buried to depths of about lm
were used. The large volume of traffic and general activity during the
day created a high level of ground vibration noise which interfered with
recording of shots, and much of the work was carried out in early morning.

A plan of the site showing the locations of Traverses I to 9 is
illustrated in Plate 1. So that geophones could be planted without damaging
the bitumen surface of the car-park adjacent to Bunda Street, Traverse 5
was located on a dividing strip and Traverse 6 at the edge of the car-park.
A geophone spacing of 4 in was used on these traverses. The wave arrival
times at each geophone were obtained by a broadside shot for Traverse 5 and
from long shots off the ends in the case of Traverse 6. Two 'weathering'
spreads (one at the centre .of each traverse) of 1 in geophone spacing were
recorded using only detonators as the seismic source. From the velocity
information obtained using these 'weathering' spreads, depths along the
traverses could be computed.

The maximum seismic velocity recorded during the survey was only
2160 mis which is considered too low for most types of fresh bedrock. To
determine whether fresh bedrock was at greater depths, a spread with
geophone spacing of 4 in was laid along Traverse 9 and very long shots were
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fired off the ends - 115 m off the northwest end and 137 in off the
southeast end. Any significant increase in recorded velocity over that
obtained for the deepest refractor using the shorter shots would mean
that this refractor did not represent fresh bedrock.

4. COMPARISON WITH iHE SURvia AND EXCAVATION AT BARTON (SECTION 4)

A seismic refraction survey was conducted on the site of the
proposed Trades Group Offices (Hill, 1971). The subsequent excavation
for the building to an average depth of 4 to 5 in has allowed comparison to
be made between the seismic results, the rock actually found, and the
methods subsequently used in its excavation.

The shale bedrock in this location is part of the Canberra Group
(Henderson & Strusz, 1971) to which the bedrock on the City site also
belongs. Furthermore the subsuriace conditions observed near the City site
are similar to those at the Barton site. Thus to some extent correlations
between seismic velocity and type of material as well as its resistance to
excavation at the Barton site can be applied in the interpretation of the
results of the City site investigation.

From examination of the floor and walls of the Barton excavation
typical sections are as follows, together with the corresponding seismic
results.

Mid southwest side 

Observed Section

0 - 2 m

2 - 3.5 in

Observed Section

0 - 1.5 in

1.5 - 4.5+ m

clay

moderately weathered
shale, soft to medium
hard

Mid northeast side 

clay

moderately weathered
shale, soft to medium
hard

Seismic Results 

U - 2 m, 460 m/s

2 - 4.5 m, 1400 m/s

Seismic Results 

0 - 2 m, 460 m/s

2 - 5 m, 1450 m/s

Removal of the surface clay material was done by blade machinery
and the bulk of the remaining shales was ripped using a D9 tractor. Some
blasting near the bottom of the excavation was needed and excavation of pits
and trenches (for piers, lift wells, etc.), was done with blasting and the
use of jack-hammers.
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The seismic work on the area excavated showed that the surface
layer (460 m/s) had a thickness of about 2.5 m, below which a layer of
velocity 1200 to 160U m/s extended to an averaFe depth of about 7 m.

5. RESULTS 

The seismic cross-sections along Traverses 1, 2, 3, and 4,
Traverses 5 and 6, Traverses 7, 8, and y are shown in Plates 2, 3, and 4
respectively.

From observations at the site, geological information from nearby
locations, and guiaed by experience at the Barton site, the following
geological interpretation of the seismic layers is presented.

1800 - 2160

Material

Soil, clay Vdry to moist)

Clay (stiff to nard, sandy or
gravelly)

Moderately to highly weathered shale,
completely weathered shale, medium
hard

Slightly weathered to fresh shale,
hara.

Seismic Velocity
(m/ s)

310 - 540

790 - 1120

1640 1800

In the 'llanduook of Ripping! puulished by the uaterpillar Tractor
Co., a number of charts are given showing rippability of various rock types
for aifferent size tractor and ripper combinations. 6ha1e is shown to be
rippable to a velocity of about 1600 m/s using tractors such as the D7 or D8
see also Bartlett, ly69). This velocity also coincides with the maximum

recorded for the shale near the bottom of the Barton excavation, and is thus
considered the limit for economic ripping.

This means that the deepest refractor (1640-2160 m/s) in the
seismic cross-sections will require blasting to excavate it, though a
combination of pre-blasting and ripping may be a satisfactory proposition.
The surface soil and soft clays can be removed by bulldozer while the
intermediate layer of harder clays, gravel, or completely weathered shale
may need some ripping before it can be handled by blade or shovel equipment.

The results of shooting the very long shots for the spread laid
along Traverse 9 indicate that no appreciably higher velocity was recorded.
The velocity recorded was 2200 mis compared to a maximum of 2160 m/s obtained
with the normal long shots (46 m).- This suggests, assuming approximately
horizontal layering, that if any higher velocity stratum (say over 3000 m/s)
were present at depth, it would be more than 23 m below the surface.
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6. CONCLUSION

The bedrock on the site probably consists of shale with
maximum seismic velocity of about 2200 mis. Excavations without blasting
should be possible to the top of the deepest refractor shown in the
seismic cross-sections. This layer with a velocity of 1640 to 2160 We
is considered to consist of moderately hard, highly weathered to fresh
shale. Variations in depth to this rock occur over the site from about
2 in along Ballumbir Street near the east corner of the site to about 6 or
7 m at a number of places on the part of the site between Akuna Street and
Ainslie Avenue.
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