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SUMMARY

Seismic and geological investigations have been carried out on the
proposed Gungahlin urban development area. The bedrock is mostly shale, which
rarely crops out; assuming a 1200 m/s seismic velocity limit for rippable
material, it will usually be rippable by backhoe to a depth of 1.5 to 4 m,

Many hilltops are capped by volcanics, generally tuff, Excavation in these
rocks generally requires the use of explosives,

Depths to fresh bedrock range from 5 to 30 m, but are generally 10
to 15 m, Very deep weathering is apparent in the Canberra Racecourse area, but

the low velocities may represent a very thick succession of alluvium, rather
than in situ weathered rock.

Many faults are delineated by quartz veins and have zones of deep
weathering adjacent to them,



1, INTRODUCTION

The National Capital Development Commission (NCDC) requested the
Bureau of Mineral Resources to carry out a geotechnical investigation, to
determine the feasibility of urban development of the Gungahlin area, which
includes parts of both the Hall and Gungahlin Districts, A.C.T. As part of
this study, shallow seismic refraction surveys were conducted, to investigate
the nature and properties of the subsurface - the depth and strength of
bedrock, the type of overburden and its rippability, and the positions of
faults.

The Geophysical Branch of BMR did previous geophysical survey work
in 1962 in the form of a resistivity survey over brick clay deposits near Wells
Station Road (Jesson § Kevi, 1962; drawing no. 155/B7-1), and in 1971 in the
form of a seismic survey over a proposed gravel pit in the Hall District
(Kellett § Vanden Broek, 1971).

A party from the Engineering Geophysics Group, BMR, consisting of
C.L. Horsfall (Geophysicist) and field hands, did the fieldwork in August 1975,
Fifty-five spreads totalling 5060 m were shot and about 1100 m of magnetic
traverse was surveyed., A Wenner resistivity depth probe was carried out in one
area to a maximum electrode spacing of 256 m.,

The geophysical interpretation of the seismic data was made by C.L.
Horsfall and checked by G.R. Pettifer, M. Elliston assisted in the
interpretation of the seismic data and in the fieldwork. P.D, Hohnen did the
geological mapping and assisted with the geological aspects of the seismic
interpretation,

This Record also contains a reinterpretation of the seismic surveys
over the Hall and Gungahlin reservoir sites, for which fieldwork and

preliminary interpretation was done in 1973/74 by F.N. Michail, D.C. Ramsay,
and F.J. Taylor.

2. GENERAL GEOLOGY

The engineering geology of the Gungahlin urban development area was
described by Hohnen (1974). Plate 1 shows the geology of the area and the
locations of the major surveys. The area is underlain predominantly by
Silurian shale and slate. Volcanic rocks overlie the shale to the east and

west, where they cap most hills, Volcanics are also present on a number of
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small ridges and hills on the flat, central areas. In the southwest of the
area, upfaulted wedges of sandstone, shale, and chert of Lower Silurian and
Ordovician age form steep to rolling hills,

These rocks have weathered to form soils up to 3 m thick that have
been eroded locally and redeposited downslope in shallow depressions., The
residual soils are predominantly lean to heavy clays (CL to CH of Unified Soils
Classification); the thicker, transported soils are silt, sand, or gravel where
the deposits are very young, or sand, silt, and heavy clay where older soils
are present.

The shales and volcanics have been gently folded about north-
northeast-axes, The style of folding appears to be concentric, with dips of 50
to 30° commonly occurring on the limbs of folds. Fold axes tend to be
subhorizontal; plunges are shallow and variable. An axial-plane cleavage is
well developed in the shale and is often recognisable in weathered volcanics.

Reverse faults parallel or subparallel to the axial planes of the
folding have been mapped throughout the area. Some faults have been injected
with hydrothermal fluids which have deposited quartz and magnetite and have
altered wall rocks to kaolin., W#eathering has oxidised magnetite to
limonite-hematite, which crops out as resistant gossans - particularly in the

south of the area where faulting and/or hydrothermal activity appear to have
been most intensive,

3. METHOD AND EQUIPMENT

Seismic refraction technique

__ ___________ _The_ velocity with _which a_vibration_is transmitted through rock __ _
varies with rock type, and in general increases with the strength‘of the rock,
Seismic velocity also generally increases with the degree of water saturation
of the rock, and decreasesiwith the presence of faults, joints, cracks, and
other discontinuities (Domzalski, 1956). The velocity of transmission of
vibrations through underground rock can be determined in a seismic refraction
survey, and the depths and thicknesses of the various rock types and weathered
zones calculated.

All sités were investigated using a 24-geophone spread with 4-m

__ intergeophone spacing. Details of equipment and operational statistics are in

Appendix I, The spreads were linked on traverse by a common geophone position,




Five shots were fired into each spread. Long shots were at 94 m so that the
end shot of one spread lay at the long shot-point of the adjacent spread.

The intercept method was used for interpretation at each shot-point
(Heiland, 1946), The feciprocal time method (Hawkins, 1961) was used to

determine the depth to bedrock under each geophone.

Most errors in depth and velocity are expected to be less than 15
percent for the deeper layers and of the order of 50 percent for the topmost
soil profile layer. '

The ground surface is generally represented on the seismic sections
as a straight line because the differences in elevation are small and levelling
was not available, At the reservoir sites, however, where surveying

information was available and necessary, the topography of the ground surface
has been indicated on the seismic sections,

4, RESULTS

4,1 Seismic velocities

Seismic profiles in all areas examined generally show four layers,

The general interpretation of the seismic velocities is as follows:

@))] 250-500 m/s Soil and unconsolidated alluvium,

completely weathered unsaturated material,
generally 1 to 2 m deep

(2) 600-1750 m/s‘: Completely to highly weathered rock or
consolidated alluvium, generally to 5-m
depth

(3) 1800-3200 m/s : Saturated, highly weathered to moderately

weathered bedrock, generally to 15-m
depth but highly variable
(4) 3200-5600 m/s : Slightly weathered to fresh rock of un-

certain and possibly varied lithology.

Depths of rippability using a backhoe are given throughout this
Record on the assumption that a seismic velocity of 1200 m/s is the upper
velocity limit for rock material in this areé which is rippable with a backhoe
(see Caterpillar Tractor Company, 1966).



4,2 Crace industrial area

Plate 1 shows the geology of this area. Plate 2 shows the locations
of the 25 seismic spreads shot in this area and the locations of the five
follow-up diamond-drill holes along Dunsmore Street., The purpose of the
surveys was to determine foundation conditions and rippability of the
near-surface rock and to locate faults - particularly the City East Fault,

which is believed to extend into this area,
4,21 Local geology

The geology of the area is poorly known because exposures of rock
are sparse, Shale appears to be the predominant rock type, and contains small
lenses of limestone. Most outcrops are of pyroclastic rock, predominantly
tuff, which forms a row of hills running northeast; Crace is the most
prominent. The volcanic rocks form a capping on the more easily eroded shale,
and lie on what is thought to be the western limb of a syncline plunging to the
south-southwest,

Van Dijk (1959, figs. 8,9) studied the soils and geomorphology of
the Canberra region and included the Crace area as part of the Sullivan's Creek
Valley pedipléin Basin, Kellett (1971) carried out a soil survey in the
Division of lYatson.

The shale was ripped by backhoe to a depth of 2-3 m at the
brickworks site in the industrial area. The shale has been extensively drilled
to evaluate its potential as brick shale-(Gardner, 1962), Further BMR
drilling, as a follow-up to the seismic survey along Dunsmore Street,

intersected extremely weathered rock material to depths greater than 50 m (P1,

—-4).---The-reasons-for-the-existence-of -such--an-extensive-area of—very-deep- e

apparent weathering are unknown.

Plate 2 indicates the positions of lineaments observed in aerial
photographs of the area., The photo-lineament which strikes north near the

212000 grid line may mark the northward extension of the City East Fault from
its northernmost known location in Downer.

4.22 Dunsmore Street seismic traverse

The locations of the five drill holes and the 12 seismic spreads



along Dunsmore Street are shown in Plate 2, Interpreted seismic sections are
in Plate 3. Drill logs of holes on Dunsmore Street are shown in Plate 4 and
are included in Appendix II,

The low, deepest-refractor velocities (1900-2050 m/s) of spreads 1,
2, 3, and 4, on the eastern end of the traverse, contrast with
deepest-refractor velocities of the remainder of the traverse, In this zone,

diamond-drill hole 5 (P1l. 4 and Appendix II), at the junction of spreads 3 and
4, revealed the following:

1. The 300-m/s layer corresponds to sandy silt and silty
clay.
p The 800-m/s layer corresponds to clayey sand and clay

with iron-manganese nodules.

3. The 1450-1500-m/s layer and the 2000-m/s layer col-
lectively correspond to sandy and silty clays and
highly weathered volcanics. The change in velocity
from 1450-1500 m/s to 2000 m/s in an apparently uniform
lithology may be related to a slight change in degree
of weathering, or more likely to a change in moisture
content of the rock at 8-m depth, which may represent
the water-table,

4, The seismic results indicate a possible refractor of
3400-m/s velocity at a depth of 47 m, DDH 5 indicated
a contact between: (a) highly weathered shale and mud-
stone fragments embedded in clay; and (b) highly wea-

thered black and red mudstone at 47 m.

To further investigate this zone, a Wenner resistivity depth probe
(inset in Pl. 3) was carried out to a maximum electrode spacing of 256 m near
the eastern end of spread 5 (Pl. 2). The results compare with the seismic
results and drilling results at DDH3 and DDHS as follows:

1. The 10-ohm-m and 350-ohm-m upper layers correspond to

sandy silt and silty clay with iron-manganese nodules
respectively, and collectively to the 300-m/s
refractor, l



2, The 8-ohm-m layer, extending to 5.6 m, corresponds to the
800-m/s refractor, which extends roughly to the same
depth at the depth probe centre and corresponds to
clayey sand and clay with iron-manganese nodules.

3. The 150-250-ohm-m layer corresponds to the 1450-1500-m/s
and the 1900-2050-m/s refractors, which collectively
correspond to sandy and silty clays and completely
weathered volcanics,

4, The 400-ohm-m layer at 45,6 m appears to correspond to the
interpreted 3400-m/s refractor at 47 m and to the highly
weathered black and red mudstone intersected at 47 m
in DDH 5. However, the depths to this contact and the
adjacent resistivities can be significantly varied,

while producing a similar close fit to the field data.

Throughout this section of the traverse, the 2000-m/s refractor
shows a gradual increase in velocity with depth from 1900 m/s to 2050 m/s.

A strong later-arrival reflection was observed on one record from
spread 3, which indicated a spread-reflector distance of 190 m. Spread 3 is
about 190 m from a faulted contact with high-velocity bedrock near the junction
of spreads 5 and 6., It is unlikely however, that this is the reflector, since
little moveout appeared on the record. The reflection may be from fresh
volcanics or shale at 190-m depth, or from a contact subparallel to the spread
at a distance of 190 m,

Two faults, indicated below spread 5, separate the area of low,
deepest-refractor velocities from high, deepest-refractor velocities to the
west, These faults correspond to a photolineament indicated in Plate 2. The
high, deepest-refractor velocities of 2 4900 m/s encountered-in spreads 6; 7,
and 8 are probably related to limestone and calcareous shale, which were
encountered in drill holes DDH 4 and DDH 1 at depths that are in excellent
agreement with the deepest-refractor depths., Velocities greater than 6000 m/s
are not genuine and are due to deviations from a simple, layered model. The
fault below spread 8 corresponds to a photo-lineament (Pl. 2).

In the above section of traverse, drill holes DDH 2 and DDH 3 were
drilled in, or adjacent to, low-velocity bedrock zones presumed to represent
faults with associated deep weathering. These drill holes intersected clays

and extremely weathered shale fragments.




At the western end of the traverse (spreads 9, 10, 11, and 12),
bedrock velocities of 3900-4400 m/s probably represent shale which is exposed
in part of the road-cutting at spread 9. The bedrock seismic velocity of 6000

m/s in spread 10 may represent limestone or volcanics, The increase in depth

to fresh bedrock below spread 10, on the western flank of the topographic

ridge, may be related to deeper weathering along the contact between the
6000-m/s and 3900-m/s bedrock velocities.

The second layer of seismic velocities, in the range 750-1400 m/s,
is not indicated as being present throughout the section. In the area around
spread 8 the section is complicated by excavation and fill associated with road
construction on the hillside., Changes in rock condition close to the surface
are very rapid, with the above layer generally not being evident., East of
spread 4, the layer thins, so that it is generally not indicated in the data
and its seismic velocity is undefinable within a wide range. Its presence in

the section insignificantly affects the interpreted depth to the 2000-m/s
refractor,

A magnetometer traverse was carried out at 8-m spacing along most of
the seismic traverse., The magnetic profile has not been included in this
report, The maximum anomaly size was about 100 nT, and much of the profile was

affected by noise. Significant anomalies were encountered at two localities:

1, At the centre of spread 5, where a 40-nT anomaly
appeared to be associated with the faults. Assuming a

dipping-dyke model striking north, the fault appears to
dip to the east,

24 At the junction of spreads 6 and 7, where an 80-nT
anomaly appeared to be associated with an apparent bed-
rock velocity of 14 400 m/s and a shallowing of the
bedrock. This section of the bedrock may be volcanics

or limestone,

Depths of rippability with a backhoe range widely from 1 to 7 m
along the traverse,

4,23 Northbourne Avenue and Randwick Road traverses

Four spreads were shot at intervals along Northbourne Avenue between
Dunsmore Street and Wells Station Road., Two spreads were shot along the



eastern end of Randwick Road. Their locations are shown in Plate 2 and the
interpreted seismic sections are shown in Plate 5. The spreads were shot to
determine the northerly extent of the 2100-m/s deepest refractor located by the
eastern spreads of the Dunsmore Street traverse., It was also hoped that any
faults not detected by geological mapping would be located, in particular the
City East Fault, which was located in Downer and may extend northwards along
the trace of the photo-lineament indicated near the 212000 grid line in Plate
2.

The 2100-m/s refractor extends to the northeast at least as far as
midway between Flemington Road and Wells Station Road. (P1l., 2.,). The depth to

the 2100-m/s refractor increases to the northeast from 5 to 23 m along
Northbourne Avenue (Pl. 5).

Spreads 22, 52, and 54 (Pl. 5) indicate lower velocity zones within
the 2100-m/s refractor which may represent faults or shear zones., In
particular, the lower-velocity zone in spread 54 may correspond to the observed
nearby photo-lineament, which may reflect the City East Fault,

Depths of backhoe rippability range from 5 to 7 m in this area,

4,24 Crace industrial centre

Nine spreads were shot in two staggered parallel traverses in the
Crace industrial centre., Their locations are shown in Plate 2, the interpreted
seismic sections in Plate 6,

The seismic sections indicate highly varied bedrock velocities:
velocities of 3700 m/s to 4800 m/s probably represent fresh shale, mudstone,
and siltstone; and velocities greater than 5200 m/s probably represent fresh
volcanics or limestone. Zones in the bedrock with seismic velocities less than
3300 m/s are assumed to represent faults. The loy:yequipx zones below spreads
"13, i4, 16, and 51 may be related to the ﬁeé;by photo-lineament and
geologically mapped faults (Pl. 2).

The depth of weathering greatly increases in spreads 19 and 20, A
photo-lineament passes close to spread 20 and may represent the trace of a
possible fault, which may have given rise to the increased depth of weathering.

Depths of rippability with a backhoe range from 1.5 m over most of
the traverse, to 5 m at the eastern end of the traverse. A backhoe removed
overburden to a depth of 2-3 m at an excavation at the brickworks site, a short
distance south of the traverse, '



4,25 Conclusions - Crace industrial area

Fresh bedrock in this area has highly varied seismic velocities. A
prominent feature is the great thickness of low-velocity completely weathered
rock that apparently lies beneath the eastern third of Dunsmore Street. This
low-velocity area extends north across the racecourse to the northern end of
Randwick Road and at least as far eastwards as Northbourne Avenue. Apparently
deep weathering was also encountered at the western edge of the industrial
area.

The apparently deeper weathering may be related to intensive
faulting and/or a lower erosion rate. An alternative explanation for the
inferred great depth of weathering is that the low-velocity material is
alluvial, Van Dijk (1959, figs. 8, 9) included the Crace area as part of the
Sullivan's Creek Valley Pediplain Basin. He defined a pediplain basin to be a
landform formed on wide valley pediplains with gentle gradients which have
layered colluvial/alluvial soils, A pediplain basin generally has a bar or

narrowing of the basin-like depression toward the outlet. Colluvial and
alluvial deposition predominates with very little stream erosion, resulting in

deep superficial deposits of layered relict soils. Some of these colluvial
fills in the Crace Area were interpreted by Opik (1954) to be lake deposits,
but no further evidence has been found to support this. Thus the weathered
material of low seismic velocity encountered in the drill holes may represent a
cyclic succession of fossil soil profiles, rather than very deeply weathered
bedrock.

Narrow zones of low velocity in the lowermost refractor which are
interpreted as faults are indicated in Plate 2 by shading on the seismic spread
lines. The positions of these low-velocity zones can be compared with the
positions of lineaments, which are assumed to represent faults and shear zones.

From its northernmost known occurrence in Downer, the City East
Fault is expected to strike roughly northwards along the 212000 grid line, It
may follow the photo-lineament (Pl. 2) which passes the eastern edge of the
racecourse, and may be indicated by the low velocity zone encountered in spread
54 on Randwick Road (Pls 2 and 5).

Depths of rippability with a backhoe range from 1.5 m to 4 m over

most of the area, but these depths increase to 5-7 m in the area around the

racecourse., The depth to fresh bedrock outside the racecourse area ranges from
10 to 15 m,
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4,3 First residential area, Gungahlin

The locations of three spreads shot in this area are shown in Plate
7; the seismic sections are shown in Plate 8, The spreads were shot to

determine ground conditions near a fault,

4,31 Local geology

The area is predominantly underlain by shale, siltstone and mudstone
with bands of northeast-striking cherts and devitrified ashstone. The area is

transected by a major, quartzveined fault striking northeast (Pls 1 and 7).

4,32 Seismic interpretation

Spreads 24, 25 and 53 were shot to determine depths of weathering
adjacent to the northeast-striking fault. Spread 24 indicates that the

weathered zone of low velocity is 40 m wide. The bedrock velocities are

different on either side of the fault zone, possibly indicating a change of
lithology; the velocities on the northwest side are consistent with shale, but
the 5000-m/s bedrock velocity on the southeast side may indicate the presence
of chert or devitrified ashstone, which is mapped to the northeast on the
southeast side of the expected continuation of this fault, .
Spreads 25 and 53 show little evidence of the fault in the line
covered by the spreads. The lower bedrock velocity at the western end of
spread 53 may represent deeper weathering near the fault. The velocities of

4300-4400 m/s may indicate fresh shales, and the 6000-m/s velocity in spread 25
may represent a bed of fresh ashstone.

4.33 Conclusions - First residential area

Because of the large thickness of highly to completely weathered
rock beneath the southwestern part of the fault (Pl 8), it is recommended that
the designers of blocks of flats, or other buildings with high bearing

pressures, be made aware of the probability of varied bearing strengths within
the fault zone and along the margins.

'---1-------
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Most rocks beneath the area are argillaceous and many can be
excavated by mechanical means, where they have open joints and/or cleavage
planes. Some hard siliceous volcanic rocks crop out in the northeastern corner
of the area, The seismic sections indicate depths to moderately weathered or
non-rippable rock of 1 to 4m. Limited information obtained by auger drilling
indicates that the rippable depth is likely to range from 2 to 4 m on hill-

slopes and to more than 4 m near watercourses,

4.4 Gungahlin town centre

Spreads 26 to 36 were shot in this area. Spread locations are shown
in Plates 7 and 9, and seismic sections in Plates 8, 10, and 11, Local geology
is shown in Plate 1. The spreads were shot to determine foundation conditions
near a fault zone and depths of rippability throughout this area.

4,41 Local geology

This area is covered by a mantle of soil which is generally between
1 and 3 m thick., Outcrop is sparse and is limited to occasional exposures of
shale on rises and a few quartz veins. Until the auger and diamond-drilling
contract is completed, subsurface information is available from only one
borehole, (Gu3, Canberra 87; Pls, 7 and 9). The log of this hole is as
follows:

0 to 1.8 m - mottled red and yellow clay

1.8 to 7.5 m - strong buff shale

7.5 to 15,0 m - completely weathered fine-grained tuff;
red and grey clay and shale with
white flecks

15.0 to 18.0 m- soft grey clayey shale

18,0 to 19.5 m- buff 5ha1e with some vein quartz

19,5 to 22.5 m- grey and buff shale

22.5 to 25.5m - grey shale and yellow clay

25,5 to 39.0 m- hard, pale to medium grey shale

39,0 to 45.0 m- hard, blue-grey shale with some

vein quartz and finely disseminated
pyrite,
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There is no gradual downward progression to fresher rock and
lithology controls the distribution of weathered rock below the surficial soil
layer, Shale is generally quite strong below 2 m, but the tuffs that are
interbedded with the shale can be completely weathered to depths of 2 18 m,

Several faults pass through the area between the proposed Northern
group centre and Block 10, about 600 m southeast of the group centre (Pl. 7).
The large Gungahlin Fault Zone, which is marked by large quartz vein outcrops
over a distance of 7 km, passes through the eastern portion of the group
centre. This fault zone has been determined from drilling to dip 60° west, and

the geology adjacent to the fault zone indicates that it is of the reverse
type. There are insufficient records to state positively that the fault zone

is inactive, although the possibility of movement along the fault zone is
extremely remote, since most movement along the fault zone is thought to have
taken place in Late Silurian or Devonian time (350-400 x 106 years ago). Rock
adjacent to the fault zone is expected to be more deeply weathered than rock
more than 20 m from the fault zone. The fault planes are silicified in places
across zones between 1 and 3 m wide, and are thus stronger than surrounding
weathered rock., Because of the expected wide range of strengths of rock near

the fault zone, sites for large structures should be subjected to detailed
geotechnical investigations.

4,42 Seismic interpretation

The Gungahlin Fault Zone was intersected by spreads 26 (Pl. 8), 32
(P1. 10), 33, and 35-36 (P1l. 11), Spread 26 indicates the fault zone and
associated deeper weathering by a single 55-mwide zone of low velocity in the
bedrock. Spreads 32, 35, and 36 indicate that the Gungahlin Fault Zone
consists of at least three faults -and that the fault zone widens to the south
gdrét least 170 m at spreads 35-36., There are many strongly contrasting
velocity zones in the fault zone owing to the different rock types and various
degrees and depths of weathering, Sites for large building structures near the
fault zone should be investigated to determine foundation conditions.

The path of the Gungahlin Fault Zone as determined from the seismic
spreads is given in Plate 9, A resistivity survey conducted as part of the
Gungahlin District clay investigation (Jesson & Kevi, 1962) indicated the
southward continuation of this fault by a band of apparent resistivity less
than 60 ohm- m, This resistivity survey also located other nearby faults, The
white clay deposits lie in hydrothermally altered zones adjacent to the faults.
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In each of spreads 26, 32, 35, and 36 the seismic velocities of
5100-5600 m/s in the bedrock adjacent to the fault zone may represent fresh
middle to Upper Silurian volcanics which crop out adjacent to this fault to the
north (Pl. 1), Seismic velocities in the range 3800-4500 m/s are expected to
represent relatively fresh shales or slightly weathered volcanics.

Rotary drill hole Gungahlin No. 3 (Canberra 87) was drilled in the
Gungahlin Fault Zone about 55 m south of the centre of spread 32. The drill
log is in section 4,41, The depth of 1.8 m to strong shale corresponds to the
depth of 2 m to the 1000-m/s layer, Standing water-level in the drill hole was
13,5 m which corresponds to the depth of 12 m to the 2300-m/s layer. The depth
of 25.5 m to hard shale shown in the drilling log corresponds to the depth to
fresh bedrock (5100 m/s) of 24.5 to 28 m (P1l. 10).

Spreads 27 to 32 (Pl., 10) were shot as a traverse, The bedrock
velocities of 4000-4200 m/s over most of the traverse are expected to represent
fresh shales. High bedrock velocities of 5100 m/s occur at both ends of the
traverse and probably represent middle to Upper Silurian volcanics which are
mapped to the north (Pl, 1) but do not crop out along the seismic traverse.

Disregarding the effects of the Gungahlin Fault Zone on the bedrock
velocities in spread 32, a mirror symmetry of bedrock seismic velocities can be
seen in spreads 27 and 32, This might indicate that the traverse has crossed a
fold in the underlying rock if the 5100-m/s bands in spreads 27 and 32 were the
same rock unit.- The 5100-m/s band is wider in spread 32, which may indicate
that the eastern limb of the folded bed has a shallow dip or that the lithology
thickens to the east. A change in bedrock velocity from 4000 m/s to 4200 m/s
occurs at the centre of spread 29. The 4000-m/s band to the east is wider than
the 4200-m/s band to the west, as was observed for the 5100-m/s bands. If the
dip of bedding is shallower to the east, then considering that the dip of the
axial plane cleavage is to the east, the proposed fold would be an asymmetric
anticline, with the fold axis passing through the centre of spread 29,

Spread 34 (Pl. 11) shows velocity anisotropy in the fresh bedrock
and weathered layers when compared with spreads 30 and 31 (Pl. 10). The higher

velocities are recorded in spread 34 which is subparallel to the strike of the
slatey cleavage (0160).



-14-

4,43 Conclusions - Gungahlin town centre

Seismic profiles from the proposed Gungahlin town centre generally
exhibit four layers, Fault zones appear to be located near contacts between
rock types of different elastic properties (e.g., shale and volcanic rocks),.
Differential weathering near such faults gives rise to highly varied bearing
strengths of foundation material, and sites for large structures near known
faults should be subjected to detailed geotechnical investigations. Sites near
outcrops of quartz reef, limonitic gossan, and mapped contacts of different
rock types should similarly be investigated.

The average thickness of the uppermost soil layer is 2 m but ranges
from 0.5 to 4 m. The average depth of rippability is 8 m, but the range is 4
to 16 m. The depth to the 2300-2500-m/s layer appears to be related to the
depth to the water-table. The depth to fresh bedrock ranges from 12 to 35 m,

but averages about 18 m.

Velocity anisotropy is present with the higher velocities recorded
in the north-south direction, subparallel to the strike of the cleavage.

4,5 Northern group centre (near 'East View')

Spreads 37 to 40 were shot in this area to determine foundation
conditions and depths of rippability. Spread locations are shown in Plate 7,

and seismic sections in Plate 12, Local geology is indicated in Plate 1,

4,51 Local geology

Most of the area is covered by alluvium and humic gley soils
underlain by shales at depths of about 1-2.m. The soils are expected to--
.éontain aquifers which may be fed along depressions by groundwater rising
towards the high potentiometric surface.

The Gungahlin Fault passes through the ridge in the eastern portion

of the area. The ridge is formed of acid volcanic rocks, and a massive quartz
reef strikes along the crest.

4,52 Seismic interpretation

Spreads 37-38 and 39 show similar results, The uppermost soil

layer has a thickness of 1 m, locally increasing to 2 m, The 1400-m/s layer
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at 1-2 m probably corresponds to‘shale vhich is exposed in a nearby creek
channel at 1.5 below the level of spread 39. The depth to the 2200-2550-m/s
layer, which may indicate the depth to the water-table, ranges from 3,5
to 6 m, The average depth to fresh bedrock is 15 m but ranges from 11 to
19 m. Spreads 37, 38, and 39 show depths of rippability of 1 to 2 m,

Spread 40, on the side of a ridge, is dissimilar to the above
spreads and shows a depth of rippability of at least 4-5 m, possibly as much as
12 m, The profile has five layers, with a depth to fresh bedrock of 34 m, The

bedrock topography is more pronounced and a small fault is present, possibly
part of the Gungahlin Fault Zone.

4.53 Conclusions

A greater depth of weathering is encountered in spread 40, beneath a
ridge, than in spreads 37-38, beneath the plain. This is the converse of that
expected, but may be accounted for by the proximity of spread 40 to the
Gungahlin Fault Zone. The presence of the water-table near the surface on the
plain may also have given rise to the higher velocities at shallower depths.

The poorly drained soils of this area may undergo consolidation when
built upon., Efficient drainage, possibly by pumping from one or more bores,
will be essential if the group centre is developed. Two or three storey
buildings in this area may require foundations on rafts, and buildings with

higher bearing pressures will require foundations on moderately weathered rock.

4,6 Northwestern Gungahlin

Plate 13 shows the detailed geology of this area and the locations
of the 10 seismic spreads., Plate 14 shows geological sections, and Plates 15,
16, and 17 show the seismic sections. The spreads were shot to examine the

correlation betweed depths of rippability obtained from seismic data and those
obtained from power augering.,

4,61 Local geology

This area, in the northwestern part of the planned urban development

_area, has been mapped in detail because of anticipated excavation difficulties

in rock overlain by very thin soils (Pls, 13 and 14).
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Outcrop is sparse over about 80 percent of the area, In the extreme
northwest, outcrops of moderately to slightly weathered tuff and porphyritic
volcanic rocks are common. The rest of the area is covered by a thin mantle of
soil; though shale occurs fairly commonly at, or just below the ground surface,
it does not form raised outcrops.

Shale is the predominant lithology of the area, and it almost
certainly has a volcanic provenance, At the base of the local stratigraphic
succession, volcanic rocks are interbedded with shale, as well as volcanically
derived sandstone, The volcanic interbeds are mostly ashstone (welded volcanic
ash). The shale beds commonly contain brachiopod moulds, though the genera of
these fossils have not been identified.

Overlying this essentially sedimentary unit, is a rather massive,
resistant volcanic unit, comprising plagioclase, quartz, and lesser hornblende
crystals of 2 to 3 mm diameter, in a fine-grained grey groundmass. The rock is
probably a welded crystal tuff of rhyodacitic composition,

The next youngest unit in this east-southeasterly dipping sequence
is another shale unit which shows fewer volcanic affinities than the lower
sedimentary unit., Above the shale is another tuff, which is the youngest unit
west of the Gundaroo Fault, East of this major east-northeast striking fault
there is mainly shale, with pods of volcanic rocks (mainly welded tuff) that
have been exposed by ploughing and which otherwise are not exposed at the
surface, .

It appears that the block to the east of the fault has been uplifted
relative to that on the west of the fault, and that the uppermost volcanic unit
and part of the lowér volcanic unit have been eroded off, leaving the lowermost
sedimentary unit and outliers of lower volcanic unit exposed,

Sparsely distributed dips (P1l. 13) are predomlnantly of the order of
28% to 32° to the east-southeast. However, the shale/ volcanic contacts N
indicate that the rocks have been folded about north-trending axes after the
region was tilted to the southeast, probably the result of large-scale folding
or faulting, or both.

The large-scale folding in the Gungahlin area comprises a series of
asymmetric anticlinal and synclinal folds with northeast- trending axes, The
eastern limbs of these folds are long, with dips of the order of 20° to 40°
and the western limbs are shorter and have dips of about 10° to 15° (P1. 13).
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Between the Gundaroo Fault and the ACT/NSW border to the west, there
is tenuous evidence of two northeast-trending folds. From just west of the
border, the eastern limb of an anticline continues across almost as far as the
Gundaroo Fault; just west of the fault however, the strata dip westward forming
a syncline with the axial plane striking about 20° east.

East of the fault, the structure is not as clear, because of the
absence of continuous volcanic marker beds; however, there is some evidence of
an anticline parallel to the syncline west of the fault, Farther east, the
outcrop is too sparse to interpret the structure, In the southwest of the map
area, but east of the Gundaroo Fault, there is good evidence of three smaller
folds, whose axes all strike within 15° either side of true north (P1. 13).

The volcanic units of the strata that form the large syncline just
west of the Gundaroo Fault, appear to be tightly folded about axes parallel to
the main synclinal axis. This probably reflects the different competence of
the volcanic and sedimentary rocks forming the syncline, It appears that the
shale has thickened or thinned in response to folding stresses, whereas the
volcanics have been buckled near the fold axes, resulting in minor folds,
parallel to the major fold.

The predominant orientation of the axial-plane cleavage produced by
the folding strikes between 015° and 025° east, and dips vary from vertical to
about 80°E. Cleavage is ubiquitous in shale, but is poorly developed in
volcanic rocks, in contrast to volcanics in the upper catchment of Sullivans
Creek, to the east, where a well-developed fracture cleavage is characteristic
of these rocks,

Rock weathering. The preliminary geotechnical study of Gungahlin
(Hohnen, 1974), suggested that much of the shale within 1 m of the surface may

not be rippable. Detailed mapping has confirmed a large area of shale at, or

very close to the surface, but ripping at several sites for tree planting has
confirmed that the shale should be rippable with heavy equipment in most areas.
Volcanic rocks will require blasting for excavations in all areas of outcrop
where the rocks are only slightly weathered (Plate 13). In areas of soil

underlain by volcanic rocks, depths to moderately weathered, or non-rippable

rock will generally range between 1 and 3 m.,
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4,62 Seismic interpretation

Seismic spreads were shot to determine the rippability of shale and
volcanics that were known to be within 2 m of the surface. Because of the
strongly developed axial-plane cleavage in the shale, spreads were shot in two
directions to measure the degree of seismic-velocity anisotropy. Each of the
seismic spread pairs was shot near a previously drilled power-auger hole in
order to compare results,

Spreads 41 and 42 (Pl. 15) were shot near auger hole 16, which
intersected volcanics and indicated a depth to moderately weathered rock of 6.4
m (Pl., 14). The geological map indicates the volcanics to be faulted against
shale at this point. Spread 42 (direction 112°) indicates the edge of the
volcanics to the west against the highly sheared and weathered shales at the
fault. Spreads 41 and 42 indicate a depth to moderately weathered volcanics of
3-5 m, and a depth of rippability by backhoe of 0 to 1.3 m in the volcanics,
Seismic-velocity anistropy is the opposite of that expected with the higher
velocity measured across cleavage. This result may be due to the complicating
effects of the fault and should be viewed with caution,

Spreads 43 and 44 (Pl. 15) were shot near auger hole 17, which
intersected shale and indicated a depth to moderately weathered rock of 3.7 m
(P1., 14). These spreads indicate a depth to moderately weathered rock of 3 m
and a depth of rippability by backhoe of 0.8-2.5 m (average 1 m). Velocity
anisotropy is present, with higher seismic velocities recorded subparallel to
the cleavage,

Spreads 45 and 46 (P1l. 16) were shot on a hilltop near auger hole
18, which intersected weathered volcanics resembling shale and indicated a
depth to moderately weathered rock of 2.1 m (Pl., 14), Spreads 45 and 46
indicate that the .depth to -moderately -weathered rock ranges from 1.5 m to 10 m,
and that the depth of rippability by backhoe is 1 m, Velocity anisotropy is
present but is not marked. The sections indicate a high-velocity refractor at
about 60-m depth with an apparent dip to the west, This probably represents
fresh volcanic rock with tightly closed fracture cleavage.

Spreads 47 and 48 (Pl., 17) were shot near auger hole 19, which
intersected clayey gravel soil overlying shale'(Pl. 14), This hole indicated a
depth to moderately weathered rock of 7.3 m which compares with a depth of 5 m
from the seismic sections. Velocity anisotropy is present in most of the

layers, The depth of rippability by backhoe is 1 m.




-19-

Spreads 49 and 50 (Pl. 17) were shot near auger hole 20, which
intersected shale and indicated a depth to moderately weathered-bedrock °
greater than 5.5 m (P1l. 14). The hole also intersected an aquifer at 1.4-m
depth., The seismic sections indicate a depth of 2.5 m to a 2100-m/s layer,
which appears to be related to the depth of water saturation, rather than the
strength of the rock. Velocity anisotropy is the reverse of that expected in
the fresh bedrock, but the velocities are higher subparallel to the cleavage in
the upper weathered layers, There is a discrepancy in the depths to fresh
bedrock in each of the spreads. The depth of rippability by backhoe is 1 m.

4,63 Conclusions

In general the seismic sections from this area exhibit four layers.,
Comparison of the depths to moderately weathered rock indicated by auger

refusal and depths obtained from seismic sections (using the depth to the third

. layer) indicates that the auger refused in material of seismic velocity greater

than about 2000 m/s. However a seismic velocity of 2000 m/s can apply to weak
rock material which is saturated with water, as became evident in spreads 49
and 50.

In the limited cases examined, the indicated depths of rippability
by backhoe and the depths to moderately weathered rock are similar for shale
and volcanics. However, the shot-holes in areas of volcanic rock outcrop
(spreads 41 and 42) had to be located in alluvium, and outcropping volcanic
rock may indeed be non-rippable with a backhoe. Depths of rippability by
backhoe are generally 1 m., Large, slightly weathered volcanic rock outcrops
are widespread and may impose a constraint on urban development.

Seismic-velocity anisotropy was observed on most seismic sections,
and in general, for layers other than the topmost soil layer, the velocity
measured subparallel to the cleavage was 1,2 times the velocity measured
subperpendicular to the cleavage,

4,7 Reservoir sites

4,71 Hall No, 1 reservoir

Plate 1 shows the location of the reservoir site, and Plate 18 shows
the two seismic traverses across it. The interpreted sections are shown in
Plate 29, The spreads were shot to determine the depth of rippability and

foundation conditions at the reservoir site,
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(i) Site geology. Moderately to slightly weathered rhyodacitic

tuff crops out at the site. The rock is massive and jointed and will be

difficult to rip with a bulldozer, Seismic and lithologic investigations were
carried out by BMR on an extension of this rock mass to the southeast for a
proposed gravel pit (Kellett & Vanden Broek, 1971) and lithological
investigations were made to the west for the proposed urban development of the

Hall's Creek area (Hohnen, 1973).

(ii) Seismic interpretation., The two seismic sections over the

reservoir site show the floor level and the seismic velocities of the westhered
rock (Pl. 19). Velocity anisotropy does not appear to be present, reflecting
the absence of cleavage in the rock.

A seismic velocity of 1200 m/s is considered to define the upper
velocity limit at this site of rock material that is rippable with a D8
bulldozer. The seismic sections indicate that all of the material to be

excavated will require blasting to the floor level of the reservoir,

4,72 Hall No, 2 reservoir

Plate 1 shows the location of the reservoir site, and Plate 20 shows
the five seismic spreads across it. The interpreted sections are shown in
Plate 21. The spreads were shot to determine the depth of rippability and

foundation conditions at the reservoir site,

(i) Site geology. The bedrock consists of volcanic rocks which are

hard -and strong when fresh. These rocks are expected to be massive and

jointed. They are expected to crop out on the ridge top and are unlikely to be
rippable with a bulldozer.

(ii) Seismic interpretation., The five seismic sections over the

two reservoir positions show the floor levels and the seismic velocities of the - -

material to be excavated (Pl. 21).

Examination of the seismic sections reveals the following:
(1) Some velocity anisotropy is present in the lowermost refractor, with
higher velocities recorded in the northeast-northwest direction (Spreads 13,
14, 15). This anisotropy may indicate that jointing with an approximate
northeast-southwest orientation is more closely spaced than that in any
subperpendicular direction. Alternatively, the volcanics may show some
cleavage due to a high content of oriented phyllosilicate minerals,
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(2) At this site a seismic velocity of 1200 m/s is considered to define
the upper velocity limit of material that is rippable with a D8 bulldozer. The
seismic sections indicate that all the material to be excavated will require
blasting or will only be marginally rippable.

(3) There is good agreement between spreads as to the depth of the
lowermost refractor at the spread intersection points. Spreads 13, 14, and 15
all indicate an increased depth of weathering to the northeast down to an
elevation of 721 to 723 m.

(4 At all three spread intersection points there is disagreement in the
number of layers present. Spreads 12, 14, and 15 indicate the presence of a
layer of velocity 1150-1450 m/s that does not appear in spreads 12A and 13.

This layer may still be present, however, but may be too thin to be detected by
the geophone spacing used.

4,73 Gungahlin No. 1 reservoir

The location of the site is shown in Plate 1. The locations of the
12 spreads are shown in Plate 22, The interpreted sections are given in Plates
23 (spreads 1, 2, 3 and 10, 11, 12 of 2-m geophone spacing), 24 (spreads 4 and
5 of 4-m geophone spacing) and 25 (spreads 6, 7, 8, and 9 of 1-m geophone '
spacing). The spreads were shot to determine the depth of rippability and
foundation conditions at the reservoir site,

(i) Site geology. The reservoir site lies on slightly te moderately
weathered quartz sandstone o f the Pittman Formation. The sandstone is jointed
at 10-cm to 25-cm spacings. At the top of the ridge a band of finely cleaved

and jointed, silicified Acton Shale transects the Pittman Formation and trends

in a northeasterly direction. The approximate position of the lithological
boundaries of the Acton Shale and Pittman Formation as determined from drilling
and float indications are shown in Plate 22. The cleavage in these rock types
is expected to trend 030° and to dip steeply to the west,

(ii) Seismic interpretation, measurements on gsamples. Measurements

of longitudinal velocity in three directions were made on two surface samples
of fine-grained sandstone - probably of the Pittman Formation. Sample 1 gave
velocities of 2480 m/s and 2440 m/s; the sound attenuation was too high for
even an estimate of velocity in the third direction, which was normal to a set
of fractures. Sample 2 gave velocities of 3150 m/s, 2900 m/s, and 2690 m/s.
The anisotropy in velocities is probably due to the several sets of fracture

planes in this sample,
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R (iii) Seismic interpretation, yeservoir sites. The nine seismic

sections over the floor area of the two reservoir positions indicate the level
of excavation and the seismic velocities of the material to be excavated (Pls.,
23, 24, 25).

Examination of the seismic sections, particularly the velocities of
material at the base level of excavation, reveals the following:
(1) Velocity anisotropy is present in the subsoil layers. Higher seismic
velocities were recorded in spreads 4, 5, 6, 7, 8, and 9, which were
subparallel to the cleavage, then in spreads 1, 2, and 3, which were oriented
across the cleavage.
(2) Zones of low velocity in the moderately weathered rock layer were
encountered in spreads 1, 3, 5, 8, 10, and 11. The positions of these zones
appear to correspond with the approximately mapped lithological boundaries.
The low velocity zones are probably due to weathering along the contacts, which
may also be faulted. From the seismic data the southeastern boundary between
the Pittman Formation and the Acton Shale appears to be placed too far to the
northwest, It may be more appropriately placed to intersect spread 11 at the
low-velocity zone in the centre of the spread (see dotted line Plate 22),
(3) At this site a seismic velocity of 1300 m/s is considered to define the
upper veiocity limit of rock material which is rippable with a bulldozer. This
velocity must be read parallel to the cleavage. At this site a cross-cleavage
velocity of 1000 m/s is equivalent to a velocity of 1300 m/s subparallel to the
cleavage. Plate 22 shows the extent of material at the base level of excav-
ation (643 m elevation) which will require blasting. At least half the floor
area of the reservoirs will require blasting. The depth of rippability is

shallowest (0.4 m) at the top of the ridge where slightly to moderately
weathered rock occurs just below the surface.

(4) Four power-auger holes were drilled within the aarea of. the two reservoirs.
"The depﬁﬁé td'péher;;ﬁéér refusal, shown in Plate 22, show excellent agreement
with the depths to non-rippable rock indicated by the seismic spreads, except
at the auger hole near the intersection of spreads 3 and 7.
(iv) Seismic jnterpretation, outlet pipe. The three seismic spreads
which were shot adjacent to the outlet pipe (10, 11, and 12 in P1 22 and 23)

indicate that blasting will be required to the pipe level for nearly the whole

distance between the reservoir and the vertical bend.
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APPENDIX I
OPERATIONAL DETAILS
(excluding the Gungahlin § Hall Reservoir sites)

PERSONNEL
Party leaders G.R. Pettifer
C.L. Horsfall
Technical staff D. Francis
Field assistants M. Preston-Stanley

M. Elliston

SEISMIC
Operational Statistics
No. of spreads 55
Distance covered 5060 m
No. of geophones/spread 24
Geophone spacing 4 m
Length of spread 92 m
Long shot distance 94 m
Short shot distance 2m
No. of shots/spread 5
No. of shots fired 278
No. of reshoots 1
Explosives used 661 sticks = 110 Kg
No. of detonators used 282
No. of days of fieldwork 17
Period over which field
work was done 28.7.75 to 10.2.76

Equipment
Amplifiers SIE PSU-19
No. of Channels 24
Camera SIE VRO-6D
Geophones 8Hz GSC-20D
Blaster BC 8A
Vehicles 1 shooting truck

1 Recording Van

—

MAGNETICS
Operational Statistics

Length of traversing 1100 m
Spacing of readings 10 m
Duration of survey 1.5 hours

Equipment
Geometrics G816 Proton Precession Magnetometer
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RESISTIVITY
Operational Statistics

Maximum current electrode spacing 256 m

EguiEment

Transmitter Geotronics FT-10

Receiver Data Precision Digital
Multimeter with BMR Self
Potential backoff device

DRILLING

Operational Statistics

No. of holes 5
Logged by P. Rosengren
Period of Drilling August, Sept. 1975
Location Dunsmore Street
Depth range of holes 13.8 m to 54,0 m
Equipment
Driil Gemco Rotary Rig with coring

equipment and straight’
auger flights
Core barrel type Triefus and 2'6" split tube
Core diameter BQ (14%™M)

OPERATIONAL DETAILS
(Gungahlin § Hall Reservoir sites only)

PERSONNEL

Party leaders D.C. Ramsay (1973)
F.N. Michail (1973)
C.L. Horsfall (1976)
Technical staff M.J. Dickson (1973)
L. Hemphill (1973)
D. Francis (1974 + 76)
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SEISMIC

Operational Statistics

No. of spreads 19
No. of geophones/spread 24
Geophone spacings: 4 spreads of 1 m
11 1" 1" 2 m
2 1" 1" 2.5 m
2 1" " 4 m
No. of rock samples measured 3
Equipment as described earlier
DRILLING
Operational Statistics
No., of holes 5
Logged by P.D. Hohnen
Period of drilling November 1973
Location Gungahlin Reservoir No., 1
Power auger rig Proline HDBA
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APPENDIX II

DUNSMORE STREET DRILL LOGS




BUREAU OF MINERAL RESOURCES, proJEcT Oungahlin, Dunsmore St Investigation
GEOLOGY & GEOPHYSICS LOCATION Dunsmore St . HOLE NO. ~_|__ .
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BUREAU OF MINERAL RESOURCES,  ppq,ecr Gungahlin,Dunsmore St Investigation .
GEOLOGY & GEOQOPHYSICS LOcATION Dunsmore St . HOLE NO_“Z___
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Degres of Weathering | Lithology,colour,strength et 15| § - 5& $ |o g‘a P 30 60 80 90 Joints,veins, seoms,faults,etc | 2 J| (Lugeons) *
€ 12 B
sandy silt light brown l
100 ]
silty cloy red ~ yellow pi 2
con! fe mg nodules = B J
100 o
_ N
silty clay corbonate pan (nodutes) 18
8 nodules 8 e mg nodules 100 24 I 1 -
| I
100 |
3400
) 100 '
sondy cloy yellow cont. fe mg I
siity cloy nodules 100 4.5 I p i
100 54
6 4
shale 8 cloy cw in si1tv weathering of shale
&8 cloy cw fragments of
pink shale & black, pink 71
& yollow clays
shale fragments — O-5¢m
yellow/brown ~ ye/llow =+ 1
pink = black clays 8
94 P
1
<4
10 4 4
1
1
< {.
1
4
124
134 1
4 -
19+ 4
1
4
15 4 ]
1
164 ]
4
{
17 4
184 ]
p
19+ 1
_—
Orill type _G0mco Rotary ! Notes Water Pressure Tests
Foed Frocture Log — Number of froctures per 25 cm of core. Zones of core loss Diocked in. * Volues in lugeons should be read
e . y 5 .} in conjunction with compurtation
Core borrel type 26" split ___ Bedding ond Joint Plones — Angles ore meosured re/arive 1o o p/ane normal 10 1he core Gl opeere Test sections ore indicated
tube Defect Frequency — Number of notural defecre (shears, joints,froctures) per 25cm of | by blocked in strips.
TTTTTTT oo tTTTTToTTrTTTTeS core occurring af specitied intercept angle range.
Oritler _BMR___ . i o g Core Photograph Negative No.
Worer Level/ Mecsurements — X__ [eve/ when hole in progress of specified dep/h. .
Commenced . .. _ _ ... _.._... D Level in compieted hole on specitied dote. Depth(m) Block 8 White  Colour
Completed . _ . __..____ .. ._ ...
Logged by .°-Rosengren
Vertical scate 11190 __ ..
Chegked by v sraewss| 0 e aEeEes




BUREAU OF MINERAL RESOURCES,

Commenced _ . _ _ ______.___._..
Completed _ __ _______.__.___.._
Logged by

Vertical scale

Checked by. . _ . ______.._.....

Bedding and Joint Plones — Angles are meosured re/alive (0 0 piane normoal 10 1% core axil opeere. Test sections ore indicated

Oerect Fregquency — Number of naturol defec’s (shears, joints froctures) per 25cm of
core occurring at specifiad intercept ongle range.

Water Leve!/ Meosurements — X __ (eve/ when hole in progress ot specified depih.
2 _ Leve/ /n complated hote on specified dote.

GEOLOGY & GEOPHYSICS LocaTiON Quasmore St T T T T T I HOLE NOL2
GEOLOGICAL LOG OF DRILL HOLE ANGLE FROM HORIZONTAL (@) 902  __.___. DIRECTION oo ps s o
COORDINATES 936985 . RL OF COLLAR.............._._|SHEETZ. oF2.
Conberra 1:100 000
[}
Rock Type Description g2 ° § 53 £ gé rocture Detect Freguancy Structures § 3 [Woter Pressure
and sl 8of . ‘;g g2 L RQO | Intercept Angie < 2| Test Losses
ree of Weatheri Lithology, colour ,atrength,are |31 52| =X g1 Ry | -9 30 60 80 90| Joints,veins,seoms,foults,etc | £ | (Lugeons) *
Oeg ng olo LAl 4 5o ¢ 0 80 (Lug )
100 )
100
2‘- ! 4
100 i
!
4 .
50 22
25 | 234
75 '
24 -
25 ]
254 :
40 )
40 26
a0 ]
27 4
50 1
100 284
]
& 29 4 ]
) ]
> ,
Q 4
§ ] 1
S | o] -
b3 4
l 3
End Hole 3/-09m ]
]
Orill type _ - .- .. Notes Woter Pressure Tests
Feod . . _ . . ..o .. Fracture Log — Number of froctures per 25 cm of core. Zones of core loss Diocked in » Volues in lugeons should be reod

in conjuncrion with computation

by blocked in strips. g

Core Photograph Negative No.
Colour

Depth (m) Biack 8 White

'
‘



-l ..

BUREAU OF MINERAL RESOURCES,
GEOLOGY & GEOPHYSICS

GEOLOGICAL LOG OF DRILL HOLE

ANGLE FROM HORIZONTAL (8) .99°% . _ ...

COORDINATES 336985 .. ...

Canterra | 100000

DIRECTION ... _ _.______._..
R.L. OF COLLAR

v o8> ° e + —
Rock Type Description 2 ZolS ‘g 8 |< '.‘3 Frocture Detsct Frequsncy Structures 5 o [Water Pressure
and | 8oj_“98|5" Log |RQD| intercept angle ) " o | TestLosses
Degree of Weathering Lithotogy, colour,strength, atc S 5 = 38\ £ lo g‘o b 30 60 80 90| Joints,veins,seams,fauits,etc | F 4| (Lugeons) *
£ | L
0 € 7w .
" T
sandy silt 2 brown < 100 1 U ! l I'
clay red /yellow motried 1 . —
clay brown /yeliow, light yellow, 100 " I I .
grey/yellow , mortied brown |
& black 1,
100 .
sondy clay/ red sandy clay 251 i 1
sil/ty clay occuring throughout profile J 1
90 fan g
34 o
100 b g
100 SEi o
!
v
B & gl
1
90 5 J | ! .
ey
réd sandy clay /coarse 56 I i
fraction size O-5cm ! l [
ongular qzt pebbles — 3 cm 6 1 l i
90 i H
| l
)
fe mg nodules in clo 7 4
4 Y 80
S0
8
clay & xw shole small grains — /-2cm 70 ]
. 9 ]
50 ]
cloy & silty cloy cloy — yellow /brown , biack |
8 someé xw shale contarning fé mg nodules 104 4
50 1
: 50 e
- 4
50 ] T
' 12 4 1
50 ]
134
a0
i -
100 ldi !
|
60 1
' 154 .
‘z 70 ]
50 16 4
60 174
G p
184 1
60 1
60 194
60 207

Notes

" Fracture Log — Number of froctures per 25.¢m. of core. Zones of core joss blocked in
Bedding and Joint Plones — Angles are mecsured relotive to o plane norma! to the core axa
Defect Frequency — Number of natural defects (shears, joints, froctures) per 25¢em of

core occurring af specifiad intercep! angle range.

Worer Leve/ Meosurements — _X_ Leve/ when hole in progress af specified dep?h.

2 Level/ in completed hote on specilied date

' in con junction with computation

Water Pressure Tests

& Volues in lugeons should be read

sheets. Tes’ seclions are indicaled
by blocked in strips.

Core Photograph Negative No.

Depth(m) Block 8 White  Colour

155/A16/1812




DURL AU Ur MINERAL RESOURCES, prROJECT . Oungahlin, Dunsmore St tnvestigation
GEOLOGY & GEOPHYSICS LOCATION _DUASMOre St o HOLE NO..3
GEOLOGICAL LOG OF DRILL HOLE ANGLE FROM HORIZONTAL (8) .90° .. .. DIRECTION L. - .o iiaaoion.
COORDINATES. 936985 . ... _ ... R.L. OF COLLAR - ... ... __. SHEET 2. oF 2.
Conperrg 1:100000
) o &> e o T
Rock Type Description Sl2o|68 H F & & Frocture DNtect Frygucy Structures 5 % [Woter Pressure
and ) a[8s5l-581s% Log |RQD/| |Infercept Angie ) S o| Test Losses
Degree of Weathering Lithology, colour ,strength, atc ol & 33\ g og; 9 b 30 60 80 90| Joints,veins,seams,fouits, etc SJ (Lugeons) *
- ] i
6 12 8- =
i
, !
60 L !
21 ]
50 1
D
75 o . : ' 1
I
1 I r
r i
80 23 i I i .
'
50 [ 1 l :
'
2all} |
50 | " i
P! KR
254 1!
60 j N ’ i I
| 2¢411]1:
i
60 ! |
i
27 l £
50 ! |
|
as 28 ||!
20 29 ‘
End Hole 29-75m 1]
30-1 i ]
T
?
4
]
4
1 i
) i
P
il
Orill typ® _ . o o Notes Water Pressure Tests
Feod . . Frocture Log — Number of fraoctures per 25 cm of core. Zones of core koss blocked in » Volues in lugeons should be read
................... 7 functi irh 10t
Core barrel type — . ... ... Bedding and Joint Planes — Angles ore measured re/ative to o plane normal to the core oxs ;’,’,f:’;j wr'f,;o:.:,’,-,,,io:f:{,, dic?;;ad
___________________________ Detect Frequency — Number of naturol defects (shears, joints,troctures) per 25cm of | by blacked in strips.
. core occurring ot specified intercept angl/e ronge . ; :
Oriler s ¢ suewas smemes & w58 Core Photograph Negative No.
Worer Leve/ Meosurements — _X__ Leve/ when hola in progress af specified depth. )
Commenced _ . _ . _____._ __._. 2 Level in completed hole on specitied dote Depth(m)  Block & White  Colour
Completed . . . .._._......._.. S, [ cr— e n e
Looged by .o S —
Vertical scole _ _ .. ... __.. __. SR g e gy gy pam—
CROCROd DY o v s s mmmiaa]l  meIm R R R e i e
Y 155/A16/1812




BUREAU OF MINERAL RESOURCES,-

GEOLOGY & GEOPHYSICS

GEOLOGICAL LOG OF DRILL HOLE

ANGLE FROM HORIZONTAL (8).99° . __ ...

COORDINATES 936985 . ...

DIRECTION __.

R.L. OF COLLAR ..

HOLE NO.. 4 .

sHeeT.l orf L.

o T e > ©e =
Rock Type Description ZlZ ol 5 E g < '!3 Fracture Detacr Erfyyancy Structures § © [Water Preveurs
- and ) al 8o T 8122 Log |RQOD| Intercept Angle ) < 2| Test Losses
Degres of Waathering | Lithology, colour,strength,etc (S| § - ¥g|o 133 30 60 80 30| Joints,veins,seams,foults,etc | $ 2 (Lugeons) ®
i Q 1 il SR G
6 12 8¢
11 i
1
1 - ' 4
|
s, Vi
3 B
for
2 | d 1
il |
L
{1 1
No recovery 4 4 | 0 1
¢t
Probably clays wasned out i
of core barre! < E )
2 54,
6 <
%
3 1
B3
8 -
9 - 4
limestone (fresn) |976): 1iné grained, (calcarsous SE,-?-.O:
mudstone) no fossils %0 il
10« 4
1 Joints at 459 to core.Core
J 8asily broken along these
- aggregate of ciays 8 dork e joints. Someé high angle .
v;z/ca_mc_sl cw to fe mg grains with some 1 7 F frac(uras recemented with
clay in situ quartz apparently weathered j calcite gt angle 85° to core.
n sity 100 12+ “Bedding " type structure. |
4 Crenulated foliations
through core spaced at
) grey, fine grained 134 2-3em )
/imestone (fresh) |(calcareous mudstone) 1
s ) <) J No bedding pl/ones evident -
End Hole 13-80m 14 — in limestone g 4
1
4
Orill type :Gemco Rotory . 5 Notes Woter Pressure Tests
Feed _ Hydraulic Frocture Log — Number of froctures per 25 cm of core. Zones of core loss blocked in. ® Volves in lugeons should be reod -
w DYETONNS, & v e o ) ) i _| in conjunction with computation
Core barral type _T_r |_._(_U.. ______ Bedding and Joint Plones — Angles ore measured relative 1o o p/ane normal to the core am sheets. Test sections are indicated
_________ Delect Frequency — Number of notural defects (shears, joints,froctures) per 25cm of | by blocked in strips.
R core occurring of specified intercep! angle ronge. ]
Oriller .BMR .. Core Photograph Negative No.
1-9-78 Woter Leve/ Measurements — _X__ Leve/ when hole in progress ot specified depth. .
Commenced . 72212 .. ____ T Level in compieted hole on specitied date. Depthim)  Black 8 white  Colour
Completed . . . . __._._....._..
Logged by . P-Rosengren
Vertical scale 11100 ________
Cheeked DY .ow sivu cawmmmsmamsa| o emmemeeme s e RS
y 155/A16/1813
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ar—
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— e ) —oet o . A i W B Pty .

BUREAU OF M|

NERAL RESOURCES,

proJecT _ Gungahlin, Dunsmore St Investigation . __.
GEOLOGY & GEOPHYSICS LOCATION . Dunsmore St - o TmmmTemmTTommmomeeeme HOLE NO..3 ..
GEOLOGICAL LOG OF DRILL HOLE ANGLE FROM HORIZONTAL (€) 9Q°%. . _ ___ .. DIRECTION sz - cwsmmssas sass mam
COORDINATES. 936,985 _ . __ .. ... __... R.L.OF COLLAR -« oo oo, sHeeT.!. oF 3.
Canberra 1:100 000
v E> o0
Rock Type Description 2% o558 |52 % Fracture Detert Sruguansy § o [Water Presaure
ond . ; g8 28 %’8 Log |RQD/| Intercept Angle ) Structures 7., o| Test Losses
Degres of Weathering Lithology, colour,strength, etc 3 S - 33~§ 0}?‘0 o 30 60 80 90| Joints,veins,seams,faults,etc | 2 J| (Lugeons) *
: & 1 =
[(BCRD
sandy silt brown ] l
silty clay con!. fe mg nodules,red 1 1
silty clay yeliow : ) $ ]
|
dark brown N
claysy sand i
(e qrz —=2mm 90 1
24 |1 i .
cloy gray/yellow, fe mg nodu/es ; f | "
|
341
no core taken !‘
a4
1
Hj
S0 55—
cloy, sandy Viy 1
cloy, silty clay, brown/yellow .
v
v v 4
cw. volcontes cloy, fe mg (weath), ey .
Q12 in Situ. c.w. )
v v
no core token 50 8'1'
cloy, sandy clay brown/yellow vy 4
8ilty clay clay, fe mg, gtz Vi 9+ 1
c.w. volconics n sity. Vv\
104 4
114 1
0 ]
124
no core ‘aken g
13+
14+ 1
19 15+ :
16 1
sondy, silt and yellow/red, brown v :
clay clay/fe mg, a1z in v v )
c.w volcanics place G v 174
18 1
{o] 1
J
no core taken
19 q
207 |

Driller

B8-9-75

Commenced _°_° 12
Completed 25°9:73
Logged by . P:Rosenqren _____
Vertical scale_ 1190 ___

Checked by .___ _____.._._...

Notes
Frocture Log — Number of froctures per 25 cm of core. Zones of core loss dlocked in
B8edding ond Joint Planes — Angles are meosured re/otive 1o 0 p/one normal to the core axa

Defect Frequency — Number of natural defects (shears, joinls,froctures) per 25¢cm of
core occurring at specified intercept ongle range.

Worer Leve! Measurements — X.__ Leve/ when hole in progress at specified depth.
. Leve/ in completed hole on specitfied darte.

\

Water Pressure Teets

» Volues in lugeons shou/d be read
in conjunction with computotion
shoets. Tes! sections ore indicated
by blocked in strips.

Core Photogroph Negative No.
Depth(m)

Black 8 White  Colour

155/A16/1814




BUREAU OF MINERAL RESOURCES,
GEOLOGY & GEOPHYSICS

GEOLOGICAL LOG OF DRILL HOLE

Canberra 1:100 000

HOLE NO. 3.

SHEET .2 oF 3.

Rock Type
ond
Degree of Weathering

Description
LitholoQy, colour,strength, etc

Defect Fraquency
Intercept Angle -
0 SlO 610 80 90!

-

RQD

Lift and|
Yo corel
recovery,

[ 4
8 Fracture
-
°

Caosing
Graphic
Log

Structures
Joints ,veins, seams,fouits ,etc

IWater Pressure
Test Losses

(Lugeons) *

Wwater
Level

no recovery

6 2 8-
]

Log

PRSP

225

sandy cloy

c.w. volcomcs weath

yellow qtz, cloy, fe mg

234

no recovery

!
'
in ploce i
|

sandy clay

cw volcanic wearh

yellow qtz, cloy, fe mg 4 ]

/n ploce : |

no core taken

394

40} i

Commenced _ .

Completed . __ _____._________

Notes

Fracture Log — Number of froctures per 25 cm of core. Zones of core loss blocked in

Bedding ond Joint Plones — Angles ore measured re/ative 10 0 plone norma/ to the core axa

Deftecr Frequency — Number of noturo! defects (shears, joints,froctures) per 25¢cm of
core occurring ot specified intercep! angle ronge.
Worer Leve!/ Meosurements — X__ Leve/ when hole in progress af specified depth.
X __ Leve/ in completed hole on specified dare.

Water Pressure Tests

®» Yolues in lugeons should be read
in conjunction with compuration
sheerts. Tes! sections ore indicated
by blacked in strips.

Core Photograph Negotive No.

Depth(m)  Black 8 White  Colour




Commenced

Completed . .. ...

Logged by

Vertical scale _ _ ___

Checked by .. _ . ___

Beoding and Joint Plones — Angles ore measured relative 1o o p/one normal o the core oxs

Detect Frequency — Number of natural defects (shears, joints, froctures) per 25¢cm of

core occurring at specified intercept ang/e range.

Worer Lave/ Mecsurements — _X__ Leve!/ when hole in progress of specified deprh.

M __ Leve/ in comp/eted hole on specified darte.

BUREAU OF MINERAL RESOURCES,  pgq,ect . Gungahlin, Ounsmore St _lnvestigation ... __.._._..__.
GEOLOGY & GEOPHYSICS LOCATION Ounsmore St . I HOLE NO..3...
GEOLOGICAL LOG OF DRILL HOLE ANGLE FROM HORIZONTAL (8) 907 .. . DIRECTION . _oommoion i
COORDINATES.. 9236 985 . . ... R.L. OF COLLAR - oo ooomceaaannn SHEET 3. oF 3.
Caonberra 1:100 000
@
Rock Type Dascription o2 B g 3 3 ;é Frocture | Oefect Fraquency | Struciures % o [Woter Pressure
and a3l 8ol 08182 Log |RQO| Intercept Angie 5 o| Test Losses
Degree of Weathering | Lithology,colour,strength,etc | 5] ;5 - ] Qg‘s 9 b 30 60 80 90| Joints,veins,seams,taults,etc [ 2 | (Lugeons) *
A~ 1 1 i
€ 12 .
] , T
e Ji:
shale- c.w shole and mudsrone in - - 4 l; |
cloy complietely weathered . 1 i by | ;
mudstone -c.w. fragments embededded e | | i !
in clay (sticky clays). S 4241 i " )
weathering colours 1! .
yellow,red, brown, grey l i
434 ‘ .
]
i
il
444 !
i
454
|
a6+
ds? black h 47
mudstone ack xw-shw .
core fissile along plones
i,.:ze:/ay o’n /;acrur.efrcore at 45° to core—30°
/ up to 4cm joints 1
ar 459 1o, cors “ommon 484 clay on these planes
core pieces generally
<3cms 1
mudstone 494
red xw-» hw 50:
ond red brown cloy 4 -
on fractures.some structure 1
as black mudstoneg 1
Si+
]
) 524 1
534 1
End Hole 53-64.m ]
54~ 4
1
Orill type _ Notes ’ water Pressure Tests
Feod . . . Fracture Log — Number of froctures per 25 cm of core. Zones of core loss blocked in. » Volves in lugeons should be read

in conjunction with computation
sheels. Tes! sections are indicaled
by blocked in strips.

Core Photograph Negative No.
Depth (m)

Black & white  Coiour




GEOLOGICAL MAP OF GUNGAHLIN
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610000
(o) Auger hole BMR Observation Bores Registered No.s
Bore No. Gul = Canberra 85
. Gu2= " 86
HO Watrer bore " Gu3 = “ 87
17 Y Gua= " 88
" Gu 5 - " w
o well " Guéb = " 90 —{ 609000
‘ H4 ’ B Ty AC T 9/
— 2100 — .
. Contours, values in feet
— 2000~
/ === Highway
=z==z=zzz= Kood
- , —{ 608000
+—+—+ Roilway
Gu"qad.-r.r: Homestead
! [ 1 l 1 | 1 |
0 1 2 3 4km
Il 1 A i T 1 | T |
0 1 2 Mile
| CROSS - SECTION A-B B
metres  feet .
850 2 800- V. : . 2 800
2 700 LY L . ' H _ : teroo
800+ bp A - - ) . —
2600 /4 VR . . 2600
b N LA Gundarro L Gungahlin Sulli
25004 \' i _ Ginninderra ullivans L2500
7501 N ‘\V 2N Q aw ) ) Creek  Gundaroo Fautt Creek y
24004 N) {2 Road _ ) e /12400
7004 2300~ Vi\l A —— & N 2300
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850- 1800+ AN . \\7 N ~ \10, R 4/1/ l’/ e | I-[-N\ N f\ “ f\\ NN N T._l_-_l_l,_f.—- P ha - 1800 Feet as 1.
. N N N ~ ~ ~ i - - N \ \ N ~ ~ - - Prd -
— . aPalmer Trigonometrical station — =—e———memm—ee Geological boundary, position approximatre ~30 | Strike and dip of bedding
QUATERNARY — o~ | Alluvium ) , .
[ : . -7 -—.?—- — Geological baun&ary, position inferred or concealed Py 80 Strike and dip of joint
Fe Limonite gossan _
POST - SILURIAN % : l | eee————— Fgult, (U, D indicate relative vertical displacements) . ———e—‘b Anf{'c/,/'ne, showing direction of plunge
’ 9 Vein quartz . - . , . )
| — = = = e Fault, position approximate ] —+ Syncline, showing direction of plunge
A ¥ Quartz porphyry — e — —?- Fault, position inferred or concealed
I:V:V:V;\‘I; Pyroclastics ~
- 4 Y| Purple and green dacitic welded breccia 4oy, | Dacitic tuffy lithic tuff;
b d . NN biotite, plagiociase,
. S N-| guartz porphyry; greenish
I/VAI\': Greenish grey rhyodacitic flow- \J \\ grey tuffy grey-green
MIDDLE TO. UPPER { N\ quartz porphyry .
SILURIAN RTRE L
AN
— , S
.\\} nY Welded rhyolitic tuff L L H S . :
NI : 5 ) - .
- 2 . PLATE 1
st Chert or devitrified ashstone EERE Record Na 197715
M ' ZL. SCALE
' AMENDMENTS © 250 500 750 1000  1250m COMMONWEALTH OF AUSTRALIA
Predominantly shale with slate, siltstone, : .
. No. DESCRIPTION AUTHOR | DATE |CHECKED| DATE
mudstone, and /imestone lenses > _ o 2 BASE MAP/SURVEY BUREAU OF MlNERAL RESOURCES
- . Al CANBERRA, ACT
. . ' TR/I97/72
AR Sandstone : - ! 7 : TITLE .
LOWER SILURIAN < ' , | 2 BEOLOGT'BY AL MAP OF AHLI
' State Circle 77 7}, Shate, mudstone : ' . PD. HOHNEN AND J. CEPLECHA - GEOLOGICAL OF GUNGAHLIN
e Shale ' s ' AND CHECKED | CHECKED AND APPROVED | PROJECT :
% ) . COMPILED AN -
Ac&on Sbhale %///// Siliceous shale -
MIDDLE TO UPPER ember Vi : ' , | a4 GUNGAHLIN ADVANCED FEASIBILITY STUDY
ORDOVICIAN Pittman 777777 - ' : ' PROJECT GEOLOGIST SENIOR GEOLOGIST
Formation s /7 // 4 Y Sandstone, siltstone, shale, mudsfone, chert - A5 _ _ ;CE)C%%%OMPANY DRAWN BY DRAWING NUMBER
) ' . | ‘ 1974/186 | G.A.YOUNG 155/A16/1247
' : SUPERVISING GEOLOGIST
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VERTICAL SECTIONS THROUGH NORTHWESTERN GUNGAHLIN SHOWING ROCK WEATHERING AND SOILS

( see PLATE I3 for location of sections )

SECTION A-B

m
750
HORIZONTAL SCALE 1. 9600

//\\\,_i__,__//—\ 6 TOPOGRAPHIC SCALE  1:9600
—‘_‘_\_W .

- 150
-~ VERTICAL EXAGGERATION x 1 (VH = 1)
750 5
—~ |
)]
u
&
L,J -
< )
>
-
S
0
Lj 700 A - 100
T DEPTH of
3 o gzgéfi HOLES
u 1, WEATHERING -
Q 2
<
L 3] —
@x L "
g ; - e TOPOGRAPHIC SCALE 1: 960
‘,—_
: L/ V/H =10
g - \;
o _
’ i) I S
1 I 1 r w
/ ! 6 |
[y I
1 metres g
650 'y /’ Wi y 17 4 % 7‘ 0+ <0 7 VERTICAL AUGER LOG SCALE 1: 320
. it I, . mI/‘//“"/ i / P f,',/l,,'l 1 W)
[ ! Ly Tl - N Y R BN / NRNE I - 2 V/H = 30
| [y f!{’] ] /,Il l’/’.‘/!’/’/’ il /,l//’v/.'lflf l// III’IIIII I,l{/('/ll’,'/“l,'[/'_'//"//'///)/.// ,\,.\l,,//,l,/ /‘,._"//./‘!/’, : = H
: ! ’/’,’I,’/.’H’:’/’ i l,’/I/,[IIIl’/I’ !,//,,f,/,’;/’,/,///,’1/,f///;',f,’zl’/’,l,’r,’/',‘l,’ ,‘H'i,";’;-’/ ,’/-‘,"\«‘fw’,'f,":"rf,?“T',"/' Yoed 2
) - / ! I R S R i I O S e R N ST T 4 @
! / R N R N R e N K R Y N B SR N R R R BRI R S N S R ST I YRR R IR ;
{ / ///I 1] // [ 1)1 /I [ [I / [I / /I[' | /I { /I [ 1 1) ,I [ ! [ ll | /I 1/ ,’ /) /I LN ¥ i 6
! Rt RN N R R T N R N O R L B By Y B Y B R Y Sy VA BRSNS VR I KT DO BN RS
/ / N T N I N Iy B e B Y e O S R M R R M R Y I L VRS T S ? .
| T T T TR :
! i / i / 1 ; | T T O R O e o e O I N Y :
f 11 / | [ / I YN R RN N S T S R NS L RN B R R R R RN N N L R R B B Y B RN BT VSR I
Ll ! Il / Loatdiniy! 11 ! ! Y N LT O g e e e e e Iy e oem ) 0
phe e L T P b b T R N N R Ry B R B Y e R N R Ly B LY Y R B LY R KRN B RN N R N R R .06m "
N Ry N Ny B R N R R A B Ly R N N R R o R Ly B N R by L B R N R R N R R R B K P R Y N RN B RN O TR RN IR T R N R B Y RSN Y I KRV NN R e
ot e e e e e e g e g e e e e e e
| -
SECTION c-D
m
m 750
750,
] -2 14
700] WWW 8 7¢0
' 10 9 : 7 HORIZONTAL SCALE 1:9600
"'"O: N £50
(& .
3 TOPOGRAPHIC SCALE 1:9600
60C] 600
! VERTICAL EXAGGERATION x 1 (V/y= 1)
750 4
.
W PEPTH OF
Fo AUGER HOLES
L, AwD
L, WEATHERING
s (mem3>
~ -4
&[5
x o -
L -7
\2/ &3
> To
3 Lo
°© _7¢c0
w700
J -
S ‘_
W " ) i
g
g S
> . : R TR YT N i
& XA TR AR L NS Ry T
S >
B RO L Ll
4 A &
P kel &
2
A 2
b=
1 j Lesou
) ii / ! < TOPOGRAPHIC
f / ¢ )
/ ?/-ffij.’i/y’ NN T f‘[i[-'[:'ff'[;l*”if/‘"’-s'“ ; R scate 117960
- /Il]:'!ji;lifll/l]]jl]lI]’I]]I]jl.,l’l////[l!‘IIf;tl[ff[f[f[[[‘[;['[[[![;!l!l[////’l///} + g V/ig = 10
,’ i / . { [ { res
; f ;if]iflijll/ /iI}I’]I;’/ ]/II/’/IIII/lfllf[[I;ff/[[[[[[;;[[f ;////l'/// metre | %
] N Y N Y N R N N BT Y "1
R N R N L T e B L B KR S B
/ ,/,l/fi],'i fl | III l// ;I,iA/[/f 2 4
/ / N R A T A T B Ny
] ,l /l (il o / ’/’f ! / oy VERTICAL AUGER LOG
! I i i Ay / ,/ | ,‘/ i / 5 4 SCALE 1: 320
g / Bl ! / o ! ! ! [ “7
Jlielos ot i / / { it / ‘ ,7,//, : ; | ) [ { 7.0
7 4 e PR ! N i)y 1 17 [ ; : T Rl
Sty ‘ NI / i //Ij;f / il 1 I N R N T R //1’,/ Y R YN Ry g phor bt iy Iy | gl sy (X7 8.23m) ) 8 - V/h = 30
I/f' S /rlf ’;/:/' | ‘li 1y /[I"///’ /I 1! ! | / / II/ I ;/ / //’Il /III Il // ll///// | ///ljlj’;j/lli/jfll ljljliillfllll’[I/l/lll/,I/,'[[/[[[1[[".;/f[/[f[,f,fl~{r'f"'/"’{//////i/l/’///////lllll’l//,/ll I/[,/IIIII//I’lll’llll///III'//IIIIIIII/IIl I,I/I’Il/’/l/l/l/l]/l’/l/l/lII/,‘/I/I/I,ll///llllf’ll/!lil//l/lfl Il//I/ll/l///l//l////lffI/,’/"‘/I-I/ !‘I‘/l/l/lll//l‘l 717’///LI/II/I"/II/II/’II'I '/}/(’//' /3)— 6CC
€00 T N R A N e T R A l",l,/’,l/’,’,l/’,/I/’,I////Jjl',ljllji,'/lllll,/;/[f/;‘fi';u‘f'/1/,//’,//!///-I///,I/’,I//‘,I/(IIIIIIII", N Ny R N BT R e e I N R T e S G WY T
R T S T N S e R e T Y T e I O N T T S O S O O e O R e N T T TN bR
R Y e Ry L R L B L B K B B R Ry B Y B K R R B R R R Ry S S N ey R B R R Ry B R A B R R Iy Sy Ry R Ly R Ry N B O Ry B Y Ay R Ry K S o B R L K T R OO S TR IRy £ 7oA
St g g ey g e gy e e e e e e e e b T
SECTION E-F
) m
m / 700
700 e : o6
HOR TAL  SCALE : 9600
650 -~ " . 19 20 550 ORIZON
7001 . | . TOPOGRAPHIC  SCALE  1:9600
[ 600
eoc VERTICAL EXAGGERATION x 1 (V/p=1)
o
2 .
N 1 DEPTH of
< BUGER HILES
< AN
] bo WEATHERING THX
(Z) “:; /\_meh-es)
b s by €50
- 685G + 4 -._'.... ",“‘
& -$ RS L
” 6 s I ¢  TOPOGRAPHIC SCALE 1: 960
L b7 6.4 )
3 ls N = V/H = 10
1y T-A" .
X ? . >
3% / 1y ? i oy 7 ] o
B / 7 ) ! 1 w
<xf / / ' I ! ' ! L - AUGER LOG SCALE 1: 320
A '] { ) | X pigrh / 1 i i / 3 4 VERTICAL UGE :
: R T N N R R I N SN [ 1 / / <
S I T L B R i 1)1 Tl / 1 ] IR T IN T e P Y R R It 41 S
l",\.‘z"l,I’Il’//,’I’/II”/”/IIIIII’/”/II’/I’/I“/I’/l’,'!//ll"/l'l/ll-’(/’,/llf//’,l-*’-’I’l’:{l['f”;’,Illlli’/l/ll’;l’ll’/I'vlll,’l'zl’/ll,'l[f',/’/’//':[',II’/" /',‘,i{/’/",///’\/{;’///I /II//’, II’//’////"'f,’/’/l’/ ,III/,////,I‘I,‘///,,/,/l//,i//,///:,///‘l;/,;/////, sj by V/H = 30
' ":'.{-_‘r'll”/l’[/ll’/llf',"!'//,‘;/ T ,'“1."_,!,-,:,/!'/,]:,/_['iII/III'[II.II[;,/,;,,/'(,I,/,,/////’,’ f////fl//fl// /'1!/!'-’}!"‘//II'///!//"/I ol N
: N L L T L N A ey N R I L L N R P N KL B T T N R Y R N I R e > N TR BT R R S R I B S AL R
r.'A;'. III/I’II}IIIII/’IIIIIII’I,IIIIII’/I’/IIII/rJ/v////IA/I//]’/I/IIII"I/!//’ i :l"/Il[:’/li/,’/l’I, IIIII’/I,III"l’l,lllli"l/ IIIIII',’/“II//’/I:’I/,'l//’/,’II//I/,II///’;’ l//,’/I/I/lI’/I/’\‘\II“T‘LL;I/II/’///,IIII/‘//,Ij/ll’;,//,'I-IIL"L,.,’&;lf/"’%%;ﬁ’*/ﬁ‘,'%’#’?/'Tﬁ/ ;’- é
At THIHI NI NI By R Y R R B S N TR N RN B R Y B R R Y BBy P TS 7 32 m L L T T T ] 5
Ry /III/III/ /[//I/,;/// //,/,/,‘ T N MR phobrhy I[,fl,l,/l,//l,/// [,!I Ll 232 Moy e T -/,/‘/'!////;/I[//[‘///[ 31600 ¢
LN I NI TN A Loty gy T R ALY SR N A L N N R Y N R K N b RN S N S N RN S R Y Y R N
o9 s e Bl gy e b
SECTION B-F
m .
7om 700 HORIZONTAL SCALE 1: 9600
' 6
' 0 20 7 — e ) ———"" [ &50 TOPOGRAPHIC SCALE 1: 9600
05 600 VERTICAL EXAGGERATION x 1 (V/yg =1 )
TOPOGRAPHIC SCALE 1: 960
o . V/IH = 10
a 6 metres -850 !
. - E oo ',I" [‘ P
) i —
R : L U - {l,l t4 )
' ; =3 LAATT s/-'_"/,//,’,/ 14 &
T et ' 1P ACE ATIAM . OV TERT. i’ ) ’.","","f",’/‘,’;"/‘,’/I,'f”/"i‘,"!",/"‘;”","/',’,-"", ) L VERTICAL AUGER LOG SCALE 1 : 320
- UNIFIED SOIL CLASSIFICATION SYSTEM- - - 2 ST ] [ 2 !
4 . ) _ o i AN N RS . V/H = 30
1 N ) - - " s DEFTH o~ "'111.-'1/,1Hv i 64 > H
—— : : , — ——— — — : W 1 auceR pous 7 ity et ; 5 5
. ' : o PR L ot < ro AND : NSRRI RN IR 1 5
T Tl ' { Y : 1 | WEATRERNG mli SRR A NN $ -
o ___ CLASSIFICATION CHART | i N U SN 3
MAJOR DIVISIONS {SYMBOLS| = TYPICAL NAMES oy T Sl S TTASECA N ol 2
f I 1 puy - T ” - - : i < L N ""[ P ) | “.‘ e W)

. C ) e e D': Weil graded gravels or gravel-sand mixtures. ‘1 b _; "51.'1/, ’tll!l"'!,/",: P : - 5 w
- T GW ear Cfines® R , : 2 : . N R X
o IR A _ ; little or.no fines Sl : o @ Tc . /] | 1 T l,-v’,'i,///’,//f,'/,/,/,III; "é
3 : : : . ry I ! ! i R R BRI B i TN RTETERY j :

3 1 VGV_VRA‘_VEVLS, i gp L Poorly graded gravels or gravel-sard mixtures, = |/ 00 g 71177”7[?/7/'1! lLrI‘&ll.,{L"l [ ‘Iii:;;')'l]:!"i",I]’::’i,i'I;’lllI"’/”’/I//r[l[l;/[gjsf[z}?r—q"I’//I/i//i,/(!!/.i/’l"I/l,l,l,l' !////l//,/,l!,/ 600 @

TP 5 {More than Yy ef . littie or rno fines .~ ) M SR i +9 TN / e i ”;",".!,’;,’,'/'I.,:’ phiborty f,i.’ / /"';f'vi".';'/,-’,”,"' / /,f/!!,‘

HU 1D 8] e trestions - T —c T T s L o 0em! ) e b T
coar fracticn: - - : . - I { P e LR RN N AT Pl
; O 21 o4 USsieve size) GM Silty gravels, gravel ~sand~ silt mixture. " .~ {7 I,/,I I/’,l/ ! //II s 'I!j,’];,"'v';’,]:’,l,',",’i,; -’,’."[“; /'!#/L',i*;’rt’ Poosioiihy /',’///;l.’l',
Dol e ~ Ll s T T T
: ;l s GC: ' Clayey gravels, gravel-sand - clay mixture
. gg - A S‘N. 1 Well graded sands or gravelly sands, tittle or . :
: O @ : - [ R no. fines . ! : ' .

f“}f u)’q SRS SAN'&’S o sp '." ; Pan!y graded sands or grave!l; sands,rlittié or i l
3 E:{ - {rcre :!hcn}/";\ci g .‘ vt E’.-:Z'-_‘- no fines' .o7 VR % -
b : O§ cparse frazhion> - . lj .~ e PR : L o ] ; V
: © f Vnr:AU.S.;sieve siel [ SM :i_‘j_-: S}iityéands,ﬁsa{nd sié&mi_xfureE co - - e : ll/rﬂ/,'l/ . . ’ 7 - FE-ATE 4
A Tk A : o S8 & B, — e ' Iy ////,l Shale and ashstone : S o . e . ; , R —————
, £ g - B %o B R o . AT 1 : - T SCALE . e Y ' 5
1 T R =1 /7, Clayey sands, sand-clay mixtures T 5 : . AMENDMINTS .o ..} Q.. .92 184 276 368 480m | . ' . COMMONWEALTH. OF AUSTRALIA .

: b L : ) T b — 0 304 608 912 1216 1520 ft. - — a1

: - - g — : : et . CRIPTION ¢ AUTHOR | DATE | CHECKED| DATE : . : I

1 b8 D e Inocrganic siit and. very fine sands, rock four,silty or - RNV : Mo, DESCRIPTION " - BASE WAF/SURVEY BUQ:AU OF F"ﬂ%%-RAL RESOURCES

i w0 ML ' : : TR N -y 2> . ! \ E . : ' 'CANBERRA, ACT. :

a © T ERE . tlayey fine sands or clayey siits with low plastizity -.-.‘--4-.,,\-1 Volcanics AL ] \ ) b _ . B )

L3 1 N FOPPRER ’ — : — s ] .l : AC.T. 1:9600 PLANNING SERIES : :

; 2 FSHTS AND CLAYS Inorganic clays of low to. medium plasticity,gravely - | " ‘ : TITLE o L . - -
Sl gl s GL ave sandy clays silty. clays lean clays .~ . i {- - e _ . : GEOLOGY BY VERTICAL SECTIONS THROUGH NORTHWESTERN GUNGAHLIN.
] B e kbbb AL 9 Auger hole location Jo ' ' ' L thomna/er - . SHOWING ROCK WEATHERING AND SOILS . . -

15 v oL, § Graanic $itts, and eraapic sTity. clays of low Plasticly, ' : s R ' COMPI-ED ARG CHECKED | CHECKED AND APPROVED | PRO P2 0L OGICAL. & GEOPHYSICAL INVESTIGATIONS

=% - e N ' — Y 4.58m Standing water level ' R . » ' o i . - : S T

i § 5 MH “Inorganic’ silts, micaceous or diatomaceous fine ‘g as |- S B T S . D, HOKAER, S CFOR URBAN DEVELOFAIENT G UNGAHLN,

& e o GRS R ‘sandy or silty soiis, elastic silts = = . 7w 0 0y ) - ——— - T 71 PROVECT GECLOGIST SEN:OR GEOLOGIST B I i i - /;!cr,

" %2 [SILTS AND CLAYS{ CRRTTEE IR ~137m Depth o top of aquifer - as| . R ) IPREEEE : TO ACCOMPANY. - .° [DRAWN BY .~ DRAWING NUMBER -~ o

: E -3 T ' ’ cy - ~{CH tnorganic clays of high plasticity, fat clays - . .- ‘ s RECORD _LPC S R i a
4 ‘ o Ligquid et > 503 " P o : . - L e T T b , R . R . . ] RIS TRNPTTUIOY [T T - Tt S it et Tt st S
: T A e S 10.06m Total depth of auger hole A 15 B A Ui g e e T o AR B : : ’ ]
€ - - 'C*F‘ 1 Organic clays of medium to high plasticity, -~ - . { & . P g 1) e SUPERVISING GEOLOGIST
S ] 4 erganic silty clays,érganic silts ~« o o7 Tl y
= - T T 3 -wwesm-esse== - Depth to highly weathered rock :
Pt Peat and other hignly organic soils = - i
: ' e ——— Depth tc moderately weathered rock
.' Record No.i97 715 155/A16/1817




$§1/4 L6/ ON p1029Y

v60€-68/661

SPREAD 4I
AUGER HOLE No. 16
SOUTHWEST  DIRECTION 055° NORTHEAST
. (sub-parallet to fault
400) (350)
~ 0 —— IJL 1
v /300) 00 T T T mmmm———m e
g "{~~~},_\ (1250) (1300)
Y] s 00 TTTem=—___ e
g 2000) = =00ZéTUmm——————7
s e (2000) (2000)
§ © —W
hy .
Q 54
(3800) (3800)
INTERSECTION WITH
SPREAD 42
SPREAD 43
AUGER HOLE No. 17
SOUTHWEST DIRECTION 025° NORTHEAST
(350) (350) (350)
~ O -———_—_—-———C e\
3 (1300) __ __ . _______| (1050) ______ -
I e
v 5
£ (2250) (2150)
E 10 -
&
S s (4900) (4900)
INTERSECTION WITH
SPREAD 44
LEGEND
(4900) Seismic velocily in formation (metres./ second) 10 0 10

b n bl

DEPTH (mertres)

DEPTH (metres)

HORIZONTAL SCALE

20

1

SPREAD 42
AUGER HOLE No./6
WEST DIRECTION 112° EAST
(450) (400) (300)
o gpd — i —
- (1200) = (850) ___--=-
s 4 TTTTmee—— +--"""
1
(2200) |
10 l (1600)
15 (4600)
(4600) j
20 - Volcanics [—
INTERSECTION WITH /f::LOT/
SPREAD 41 Sheared shale
SPREAD 44
AUGER HOLE No. /7
WEST DIRECTION O86° EAST
(250) . (350) (300)
0 ’L ————— I-‘i___ \‘J
so0) _______(rzoo) _ T T T -
Y A (1550)
(2000) (1700)
10
(4200)
(4200)
15 = INTERSECTION WITH
SPREAD 43
30 METRES

| NORTHWESTERN GUNGAHLIN

——————— Interpolated boundary

Ti<

Bedrock boundary

=2

SEISMIC REFRACTION SECTIONS

Sl3ivd




Sl/2L61 ON proIey

voig-68/66S1

DEPTH (melres)

SPREAD 45 SPREAD 46
AUGER HOLE No. /8 AUGER HOLE No. /8
WEST DIRECTION 100° EAST SOUTHWEST DIRECTION 040° NORTHEAST
(500) (350) (330) (400) (400) (400)
Y _/i ________________ ' __/_________________\z’ 04— —— : Z‘/_________________\ﬁ
5 5 (1900) (1600)
(1600) (1200) :
10 10 — P
15 — _ =T T T 15
20+ ~ 20
(2950) @
<
25 L) —
T g 25
- (3000) (3000)
30 (2950) X 30+
(6100) Q
35 E 35
40 — 40
45 — \ 45
INTERSECTION WITH
B = SPREAD 46 3
i 53 i (5600) (5600)
80" /6/00) INTERSECTION WITH
SPREAD 45
65— LEGEND HORIZONTAL SCALE
(6100) Seismic velocity in formation (m/’s) 10 0 10 20 30 METRES
________ P - PR NORTHWESTERN GUNGAHLIN
v SEISMIC REFRACTION SECTIONS
Bedrock boundary HC 2

91 31Vd




Gl/L L6 ON p4039Y

VIIE-S8/GST

SPREAD 47 SPREAD 48
AUGER HOLE No. 19 AUGER HOLE No. /9
WEST DIRECTION 088° EAST SOUTH OIRECTION 0/8° NORTH
(400) (350) (350) (400) (320) (400)
5 O . A P e —— AN,
£ - (1350) (1450) i‘ (1900) (2000) (1000)
L) B i — @ 5 T =
g ° Tt B
N N
X 10 - (3/00) (3/00) X 0 (3606} t3000/
Y
Q 15 - T l&' s
(5300) (5300)
(4800) \ (4800) \ '
INTERSECTION WITH
TRAVERSE 48
SPREAD 49 SPREAD 50
AUGER HOLE No. 20 AUGER HOLE No.20
SOUTH DIRECTION 0O/6° NORTH WEST DIRECTION O76° EAST
(350) (450) (350) (450) (300) (300)
-~ 0 7Z l’ 4\(4 0 ’.A I‘Z \\l
§ [ _03%0) " (m3s0) T ~ | T (200 . —m—iim . {HOOS
~ T TT T T T v - T T -
2 5 - e 54 . TTTTEe—
N (2300) ° 1
(1850) E
E 10 - \ 3: 10 (2100) (2150)
Q ~
& . (3800) A & s
(3800) Q
& INTERSECTION WITH 20~ (4300) . (4300)
SPREAD 50
INTERSECTION WITH
LEGEND HORIZONTAL SCALE SPREAD 49
(3800) Seismic velocily in formation (metres/ second) 10 0 10 20 30 METRES
Rt Lol ' J NORTHWESTERN GUNGAHLIN
————————— nterpola :
? i " SEISMIC REFRACTION SECTIONS
Bedrock boundary i 2

L 31vd




! PLATE 18

’—_\ 206 700
—/\/672'5

I CENTRE PE
| N 615 2405
E 206692

\ FL=6755m

SPREAD L1

PEG
Excovation boundary\

\

N
S
&
Q
— 615 200 %)
YA

Concrete marte/s ——

615 200 —

206 700
10 0] 10 20 metres
L ' —J HALL RESERVOIR No.l|
CONTOUR INTERVAL 2-5metres SITE PLAN SHOWING SEISMIC TRAVERSES

Record No. /197 7/15 155/B5-331A




ELEVATION (metres)

ELEVATION (metres)

PLATE 19

SPREAD 10 -
682 —
ILPLN
(350)
S p— ________’SURFACE (350) ‘7
(0-53) )\ ———————————
°78 g = —— o ((350)
\ veso) T T T T T T T —— —_—— s ————
(1750) (0-44)
— : —— Floor level 675-5m
674 —
(2800) (540) (2800) _
670
666
SPREAD 11
WEST EAST
682
SURFACE
678 (¢s00) e T T T (0-56)
[(129) (1450)
Floor level 6755 m R, :-{400}
674—
(4-90) (590) (1750)
(2600)
670 — (2800)
(719)
666
LEGEND HALL RESERVOIR No.l
(2800)  Seismic velocity (m/s) . 5 ” 10 metres SEISMIC REFRACTION SECTIONS
— D ettt x| : L | GEOPHONE SPACING 2:5m
(124)  Oepth (m)

Bedrock boundory
Interpolated boundary

I|<
1

Record No. /1977/15 155/B5—332




«“’h
PEG 7
p |2
POSITION 2 pREZ
F.L.=729-6m 2
PEG
(¥}
3
D
™
>
A=}
PEG 6 —
™
R4
PEG ’
X

Excovation boundory, /

POSITION 1
F.L.=723-6m

PLATE 20

PEG 8
q,b
,\“)
5
N
o
N
4 N
EP‘D | N
5P8 o
- = — ~ N
~
o
o
~
~
Q
PEG 2 618 IOO‘-{

E 207649
2}

)
0
\AL}
>
=
™Y

20 metres
]

CONTOUR INTERVAL 2'5 metres

Record No./977/15

HALL RESERVOIR No. 2

SITE PLAN SHOWING SEISMIC TRAVERSES

155/B5-333A




ELEVATION (metres)

ELEVATION (metres)

SPREAD 12
73— SOUTHEAST

SPREAD 12A

NORTHWEST

PLATE 2l

POSITION 2 PEG
! SPREAD 13
POSITION 1 | PEG, LPLIS /450/‘1 POSITION 1
PEG — SOUTHWEST NORTHEAST
734+ PEG LPHI3 l’—’/:l—’_}‘ (00) _y - — 734 IPLI2
e 1T o e .
(3s0)y v+ v ¥ e —
SURFACE. g f0dHNy oy Y "  — —
1400) o (./350) x 7 - (1350)
:_Q:_,———————————————————--h——ﬂgoj———————__—;‘::—:""" wsoo) 07T (1900) e FSURFACE
(1400) 1990/ ———"7""" %00l B3 e T T T T T T oe) T T — T T
730" (rey T T T T T T T T T T T T T TTTa0) 73045 —— T T T T T e T
Floor level 729-6m o (0-40) " — Floor level 729 6m — ———
- S (2000) (0-45)
{(6:60) N =
T (2-10)
(2200) 12000/ - E (2200)
726 (6-75) > 726
Q —
- . e = (626)
N
™~ (860) 13050/ W (4000)
722— (3550) (3050) 722
(3550) —
(4000) (500
718 718
POSITION 2
SPREAD 14 SPREAD 15
SOUTHWEST NORTHEAST SOUTHWEST PEG,T.PLIZA NORTHEAST
734— 1Pt I2A 734 - SuRFACE, _ _1. ((300) PEG]‘ LEGEND
(400) e e T T T T T T T T T T T T T e e et
___________ SURFACE e — (/150) (300/;2__ (4000)  Seismic velocity (m/5)
e (350) (1300) e ——— T T - "(0'87) -(6'26) Depth (m)
730 (0-46) fis00) e (1400) e e T T T (E-_Y_O) — Bedrock boundary
T— - ———— (2:20) —— 730 ———
{170) T — Floor level 729-6m b — Floor level 729-6m — —  /nferpolated boundary
(240) 3 (3-00) (2500)
(2000) g (2250)
12150) g - 5 0 5 10 met
7267 - S P e— (656) [ T R 1 [ eres
(680) S (632)
j— R
(670} X v
N W
_ Q y
722 3600) {8:50) 722— (4000)
(3600) ! (4000)
(12301
718 718

HALL RESERVOIR No.2
SEISMIC REFRACTION SECTIONS
GEOPHONE SPACING 2m

Record No.I1977/15 155/85-334




612 100mN

209 325mE =

— 612 000 mN

1) G.I.P in concrete

209325mkE

—

209330-588E 611 981-8I9N
/ RL 642:139m

O

G.I.P. in concrete
209 378-775E 611 939-690N
RL 648-455m

Finely cleaved and jointed,

-
silicified Acton Shale _1
-
-~ - -
- ”~
/7
7
/
/
7
/
/
7
S v o
/
/
/
Pittman Formation
6i1”

Ve

612 000 mN—]

PLATE 22

612 100mN
® [-8m -7 _1
w Q / / S
S . =
< // \ g
3 Pittman Formation e S
, Slightly to moderately weathered quartz sandsfone,//
Joints at 100 to 250mm R \
/O"
’
7/
\
\
9
&
641

611 900 mN

640 __

®I-8m

LEGEND
SEISMIC SPREAD

ELEVATION CONTOUR (metres)
CONTOUR INTERVAL 2-5m

PIPELINE
POWER-AUGER HOLE SHOWING DEPTH

TO AUGER REFUSAL (EQUIVALENT TO
ROCK OF SEISMIC VELOCITY 1500m/s)

" , 2
S i/ _-8
F Y9l
3 / 630/ :’%’
il / d |

611900 mN
METRES

10 0 10 20 30 40 50

Liciilin ol | : | | |

—/—r—  FENCE

__?___?__

T T TT

GEOLOGICAL BOUNDARY

INFERRED GEOLOGICAL BOUNDARY
GUNGAHLIN No.| RESERVOIR

EDGE OF NON-RIPPABLE ROCK MATERIAL
AT EXCAVATION BASE LEVEL

(Ticks indicate non-rippable rock material)

Record No. 1977/15

SITE PLAN SHOWING SEISMIC TRAVERSES

155/B5-32I




ELEVATION (meires)

ELEVATION (metres)

- =
N ¥
© Ay ‘ N E o § 3
) Q
o O 3L 8 2 N 3 S © N S %
3 S E N §. S N 2 3 < NW S S 3 A SE
S v o — < b ' O Ing Q2
: § 2§ § ¢ SE Nw 5 SPREAD 2 3 T I SE S5 SPREAD 3 § 3
SN —03 T 400 3 N
— — e —— -0 e ——_———
//// 650 /—_' . e — — _~~-&0—05
—_— —_— —_— —27 - | |
 — - — =7 —_— - —_— —_ — I _— |
—_—03 — — ———— —0 4 — — ] — |
*%650 e ——— T 200 | 50 b 1950 1300 350 - 1 100 1300
—re— T EXCAVATION i o0 B 650 - N 1000 L ) . EXCAVATION i 3 B . N 3 ] _ . — EXCAVATION, | 3 . . B . . .
| \ 8 | , | |
i — : 350 150 ! sah -56
1100 \/ ?
1050 | , ; . 200 1800 1250
—sa ! ///
1000 750 PN Sp— Y —~r I ? 250 ‘
2000 1550 ~7 \' / 2000
4 —8-44 1200 77 3500
2200
$ ) ]
SPREAD 10 ' HORIZONTAL & VERTICAL SCALE (&= 1)
N N ‘ 5 0 5 10 15 20 METRES
N S Loy o | | | |
- N
} Spread 10 S Y s o .
NW < R N Change of SPREAD 11 LEGEND — 650
| ’5( l direction s
SURFACE - — _ 250 Spread 1/ 1 —53 Depth to refractor (metres) -
- — _— - —— s 8
— - —_— —_—— ‘
—%090\ e — T - T e—— 2000 Seismic velocity in formation (metres/second) -
I 645
—
T — ,; ~ —— — —  Boundary of refractor with different velocity -
N — ~ QS i
1300 800 2100 1750 — —_—— % R
1400 - ~ o Bedrock -
FAULT ~ Q a
¢ 300mm___QUTLET _ P/IPE Discontinuity 640
¢ 5 ~
X ‘ i :
//.7/ - \? 650 ! SP/?EAD 12 | = %
¢ — 2400 N } i S
4 / —l2-4 \7 \\? | B =
, 7 ‘ N FAULT | 635 S
¥4 - N\ AN : - S
\ N2 | i N
, ? ' l ™
' 3850 \ 2300 AN 1 - ——— T T N
\ N2 ' =~ 800 e _20__ |
’ N | ——— T L ss0
N N ' | —e— o
? 4 — —_—_— s
\\ N E 2300 e —=2r |
? AN 4 B
\ - 1250 1250
\ oS i
—2l6
\ 1800 625
—10-0 — B
GUNGAHLIN RESERVOIR No.|,SEISMIC SECTIONS Record No. 197 7/15 —80
1800 1250 2100

PLATE 23
— 650
645
i ™~
| *

N
— D
i N
—640
- N
= N

W
— ~J
B Wy
— 635
630
155/B5—322




ELEVATION ( metres)

ELEVATION (metres)

N N
Ny S b |
b 3 S 3
sw 3 S 3 SPREAD 4 3 NE
] & a S &
< X & 3 X
3 2 g 2 3
200 | SURFACE 1 = SURFACE 150
A — Toe
T e— 900 750 — T
— — T -
1750 1550 - 700
B 3 3 B B EXCAVATION . 1500 . ) B T ——— e
1500
-—99
LEGEND
3800
—35 Depth to refractor ( metres)
1500 Seismic velocity in formation (melres/second)
_——— Boundary of formation with different seismic velocity
2400
Bedrock
™ Discontinuity
3 B 3
g 3 3
SW 5 S SPREAD 5 3 NE
-~ “v Qq
Q ~ o
< RN S
. Q
SURFACE \l S 200
22 — SURFACE | L
- — — =072 — -;520'3
450 ___,___———-"’// e e 8{?»6 — 165
_____/,_/// . EXCAVATION . T ) . 1350 . . . 1350
——ie— 1150 - -
1150 800 -
2400
-|I-7
\?
2400 '?\?
’ HORIZONTAL AND VERTICAL SCALE
5 (f 5 10 15 20 METRES
l | ! 1 l I I J

GUNGAHLIN No.| RESERVOIR, SEISMIC SECTIONS

Record No. I1977/15

PLATE 24

I

%

S
ELEVATION (metres)

=530

|

[0 )}

N

Q
ELEVATION (metres)

155/85-323




vv2e-68/661

S51/446/ ON pI038Y

ELEVATION (metres)

ELEVATION [metres)

L~

_

W
L

1

640—

650—

640—

SPREAD 8 SPREAD 9
b -~
» © ©
Sw 3 g NE Sw § § NE
v Q Q
e " ~ “
> = - %
- I3 3 R
200 200 T
150 100 150
. SYRFACE | / g 1 SURFACE | |
"0‘35————-————————0_'6 [ ____10 23
—— — T | — | — _— ———— —
4 400 —T T =083 i diinasiaainil 700 R T 00"
a0 1000 —1-87 —_— — =147 T~ — —— —t28
_ ——_—-—'—‘__—-_2'3 550 1750 1750
" . .. { EXCAVATION e . EXCAVATION }
1000 z
LEGEND
—23 DEPTH TO REFRACTOR [ metres) o
1750 SEISMIC VELOCITY IN FORMATION (meires/sécond)
—— —— —— BOUNDARY OF REFRACTOR WITH DIFFERENT SEISMIC VELOCITY
OISCONTINUITY .
~ % g
SPREAD 7 3 SPREAD 6 2
L .
o YR
Sw 2 NE SwW S NE
Y < <
< 150
. 150 _230 _|5_ SURFACE J 45é /70
2 -0-46 —— i i >
| SURFACE -'o/-4 -  _  ———— ——=o0s3 —1+05 6900 — e Tt
—ay—— —— —— " 850 T e — 4 450
—2-69 T e—
2050 1750 — s00 — gy
—_— 950
1500 — —_— e e _
EXCAVATION - o N EXCAVATION  ~ -~ —
1500
HORIZONTAL AND VERTICAL SCALE
s 0 5 10 METRES
T T | |
GUNGAHLIN No.I RESERVOIR, SEISMIC SECTIONS

G2 31vd




	Front Cover
	Title Page
	Table of Contents 
	Table of Contents (Cont'd)
	Summary
	Introduction
	General Geology
	Method and Equipment
	Results

	Seismic Velocities
	Crace Industrial Area
	Local geology
	Dunsmore Street seismic traverse
	Northbourne Avenue and Randwick Road traverses
	Crace industrial centre
	Conclusions - Crace industrial area

	First residential area, Gungahlin
	Local geology
	Seismic interpretation
	Conclusions - First residential area

	Gungahlin Town Centre
	Local geology
	Seismic interpretation
	Conclusions - Gungahlin town centre

	Northern Group Centre
	Local geology
	Seismic interpretation
	Conclusions

	Northwestern Gungahlin
	Local geology
	Seismic interpretation
	Conclusions

	Reservoir Sites
	Hall No. 1 reservoir
	Hall No. 2 reservoir
	Gungahlin No. 1 reservoir


	References
	Appendix 1
	Appendix 2
	Plates
	Plate 1
	Plate 2
	Plate 3
	Plate 4
	Plate 5
	Plate 6
	Plate 7
	Plate 8
	Plate 9
	Plate 10
	Plate 11
	Plate 12
	Plate 13
	Plate 14
	Plate 15
	Plate 16
	Plate 17
	Plate 18
	Plate 19
	Plate 20
	Plate 21
	Plate 22
	Plate 23
	Plate 24
	Plate 25




