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SUMMARY

In 1974 the then Department of Housing and Construction
requested the Bureau of Mineral Resources to carry out geological
design investigations of the proposed Ginninderra sewer tunnel,
extending about 5.2 km from Ginninderra Creek southwards to the
Lower Molonglo Water Quality Control Centre.

A continuous seismic refraction profile was obtained
(and also some cross traverses) along the route, which was
mapped at scales of 1:2400 and 1:9600. 14 diamond-drill holes
and 9 groundwater observation bores were drilled, by the Depart-
ment of Housing and Construction and Bureau of Mineral Resources
respectively, and several mechanical rock parameters were deter-
mined by the Bureau of Mineral Resources.

The tunnels will be driven through an Upper Silurian
sequence of acid volcanics, tuffaceous sediments, and a granite
porphyry intrusion. Some units in the sequence are gently to
moderately folded. Five major faults have been detected, and
many small fractured or sheared zones are indicated by airphoto-
lineaments and zones of low seismic velocity. Seismic risk to
the tunnel its lining, shafts, or other appurtenant works is
very low.

The engineering, geological, and excavation properties
of the different rock types have been determined. The rocks to
be excavated are generally very hard and strong, and mostly good
tunnelling conditions can be expected. Poor tunnelling condit-
ions will generally be confined to faulted, fractured, or sheared
zones, and about 16 percent of the tunnel will require support.

Shafts and portals are favourably located with respect
to geology, and no serious geotechnical problems are expected.



1. INTRODUCTION

1.1 BACKGROUND 

Wastewater from the Ginninderra catchment (i.e., the
Belconnen and future Gungahlin development areas) is currently
treated at the Belconnen Water Pollution Control Centre (BWPCC).
Conventional treatment is followed by lagooning before discharge
of effluent to Ginninderra Creek, which flows via the Murrumbidgee
River to Burrinjuck Reservoir. The BWPCC has an effective
capacity to serve about 70 000 persons; this number is expected
to be exceeded in 1977-78, so that the plant must be augmented or
wastewater diverted to the Lower Molonglo Water Quality Control
Centre (LMWQCC) about 5.3 km away.

An augmented plant at Belconnen would require nutrient
removal facilities to avoid stimulating excessive aquatic growths
in the receiving waters, and an economic study indicated substan-
tial economies in both capital and operating costs by diverting
wastewater to the LMWQCC. A tunnel was preferred to a trench
sewer because the shorter tunnel route results in a lower capital
cost, and also because construction difficulties and environmental
impact are substantially less.

The tunnel will have sufficient capacity to divert
future wastewater flows from the neighbouring Gooromon Ponds and
Jeir catchements because of the economies of treating all waste-
water at the LMWQCC and the small additional cost for a larger
tunnel.

1.2 ENGINEERING DETAILS 

The Ginninderra sewer tunnel (GST) will join the exist-
ing BWPCC near Ginninderra Creek, to the LMWQCC near the conflu-
ence of the Molonglo and Murrumbidgee Rivers (Fig. 1).

The design details are shown in Figures 2 and 3.

This scheme will consist of two 2130 mm diameter con-
crete-lined tunnels about 4240 m and 860 m long, joined at Window
Bend by about 150 m of pipe which will be buried in an embankment
of spoil excavated from the tunnels. The sewer will fall 8.8 m
from EL 523.7 at the base of shaft 1 to EL 514.9 at the outlet
portal at LMWQCC - a gradient of 1:600. Two 2600 mm diameter
concrete-lined ventilation shafts (shafts 2 and 3) 41 m and 46 m
deep will be excavated 4 m west of the centre line of the tunnel
at Stn 17+12 and Stn 33+15 (Plate 1).

The GST will be connected to the existing Belconnen
trunk sewer by a 210 m section of 1500 mm diameter concrete pipe
in an open-cut trench, a tunnel about 148 m long lined with 1350
mm diameter concrete pipes, and a 61 m section of 2130 mm diameter
concrete pipe in an open-cut trench.
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Two concrete-lined shafts - shaft C and shaft 1 of 2600
mm and 4500 mm diameter, respectively, incorporating vortex drop
structures - will drop the sewerage from the Belconnen trunk
sewer (RL 555) to the GST (RL 523.7).

The design provides for connection to future sewers from
Gooromon Ponds at point E (RL 536) and from Jeir at the bottom of
shaft 1 (RL 523.7).

1.3 REQUEST FOR GEOLOGICAL INVESTIGATION

In April 1974 the then Department of Housing and Con-
struction (DHC), who were to design the sewer on behalf of the
National Capital Development Commission (NCDC), asked the Bureau
of Mineral Resources (BMR) to carry out a feasibility investiga-
tion along the proposed route.

In late 1974, NCDC decided that the sewer was to be
completed in 1978. DHC then requested BMR to:

(a) carry out a geological design investigation along the
adopted route;

(b) provide geological information for the design of the
tunnel; and

(c) prepare a report for inclusion in the 'Information for
Tenderers' document.

1.4 SCOPE OF INVESTIGATION 

During the feasibility stage, geological information
was made available to assist in determining:

(a) the feasibility of constructing a tunnel from BVPCC to
the LMWQCC;

(b) the most practical route and elevation for the tunnel,
taking into account cost and environmental aspects; and

(c) the best positions for the shafts.

During the design stage and for the 'Information for
Tenderers' document, information was made available about the
geology bf the route and the effect it will have on the design
and construction of the tunnel, shafts, portals, and the connec-
tion from the north end of the tunnel to the existing Belconnen
trunk sewer; in particular to predict the effect of geology on:

(d) choice of tunnelling method
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TUNNEL DETAIL 1^lo

GINNINDERRA SEWER TUNNEL
DESIGN DETAILS

SHAFT N° I -

CHAINAGE^498711

COORDS^N612424

E198948

DEPTH^22 826 M

DIA .^4500m

R.L . OF INVERT 523.716

SHAFT
N ° I

cHAtivAGEoo^FIGURE 2
COORDS N612801

E 199427(

/ 03 o

N. SURFACE

L554-961_,

210.3

R L 536- 054

R L523 716

SHAFT N° 3

CH AINAGE^3314 694

COORDS^N609751
E198130

DEPTH^46.0m

DIAMETER^2. 600 m

R.L . OF INVERT 519 020

0

WINDOW BEND - ( SEE DETAIL 2 ) .

CHAINAGE^4795-20

COORDS^N608388

E197551

R.L. OF INVERT 516 555 ^

HAFT N° 2

CH AINAGE^1712-267

COORDS^N6I1225

E198757

DEPTH^40-717 m

DIAMETER^2 6 00 rri
R. L. OF INVERT 521.693

TUNNEL SPOIL
CRTA L

MANHOLE PORTAL

,

(?).

cf /–OUTL ET PORTAL

CHAINAGE^5788 454

COORDS^N607740

El 96798

R.L_OF INVERT 514 900 DETAIL
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(e) excavation conditions - rate of advance
- wear rate of drills
- explosive quantities

(f) overbreak

(g) support - type
- amount

(h) groundwater inflows - quantities
- duration of flow
- effect on excavation rate
- effect on concrete placement
- long-term effect on concrete

lining.

All these parameters have been studied and this report
lists and describes the results of the investigations carried out
by the BMR Engineering Geology Subsection for DHC.

2. GENERAL GEOLOGY

2.1 REGIONAL GEOLOGY

The regional geology of the area is described in the
Canberra 1:250 000 Geological Series map and explanatory notes
(Strusz, 1971), and the area was more recently mapped for the
Brindabella Sheet of the 1:100 000 Geological Series (Owen &
Wyborn, 1975).

The interpretative solid geology of the proposed tunnel
area is shown in Plate 1. The tunnels will be driven through an
Upper Silurian sequence of acid volcanics, tuffaceous sediments,
and a granite intrusion.*

Ths rocks are faulted, gently folded, and are tilted
about 20°-30 southwest.
2.2 PHYSIOGRAPHY AND WEATHERING

The area south of Stn 40+00 (Plate 1) is generally
steep and dissected by tributary creeks of the Murrumbidgee
River. Downcutting of the Murrumbidgee River and its tributaries
has caused rapid erosion of weathered rock, and a shallow
weathering profile remains.

The area north of Stn 40+00 is undulating plateau, with
depths of weathered overburden ranging from 10 to 35 m.

* Chemical analyses and petrographic description of rocks
samples are set out in Appendix 5.
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23 GROUNDWATER

The water-table is 0 to 20 in below ground surface (i.e.,
generally 30 to 45 m above tunnel level) on the plateau area, and
0 to 45 m below ground surface (i.e., 0 to 20 m above tunnel
level) in the dissected area.

Permeability of the rock substance in the granites,
dacites, and shales are almost zero, and groundwater is contained
in open joints and fractures in the rock mass. No large water-
filled cavities are present in these rock types. Permeabilities
of the rock mass are expected to be less than 30 m/day and gener-
ally less than 10 m/day.

Chemical analyses of five water samples from Pine Ridge
tunnel are presented in Appendix 6. Water samples from drill
holes along the GST tunnel line will be collected and analysed,
and results will be available in 1976. See Appendix 1 for
investigation methods.

2.4 ROCK TYPES AND STRATIGRAPHY

2.4.1 Purple rhyodacite and green rhyolite

Generally the purple rhyodacite is weathered or partly
altered. No fresh samples have been obtained from outcrops,
road-cuts, or drill core. It is generally soft and weak, or
crumbly. Phenocrysts of quartz, pink feldspar, and epidote are
common in a fine-grained purple groundmass. In some places it
appears to be a bedded tuff with a sharp contact against the
green rhyolite; more commonly it appears to grade upwards into
the green rhyolite.

At Pine Ridge Hill (locality Cl; Plate 1) the purple
rhyodacite appears to grade up through a medium-grained highly
weathered and crumbly green rhyolite, into a fine-grained very
siliceous green rhyolite at the top.

The relationship of these two rock types to the rocks
in the rest of the area is not known, because most of the contacts
are either faulted or their nature is not determinable^No
definite conformable contacts have been seen. The rocks may be
extrusive or intrusive. If intrusive they may be an offshoot of
the granite porphyry. If extrusive they probably underlie the
volcanics and sediments mapped as the lower part of the Walker
Volcanics.

The evidence for an intrusive origin is as follows:



(a) A dyke of green rhyolite intrudes the upper part of the
Walker Volcanics (locality D2; Plate 1); however, the
dyke-rock may be younger than the other green rhyolites
in the area.

(b) Near the east end of Pine Ridge tunnel, exposures in
creeks and in the Molonglo River show green rhyolite
intruding purple dacites (locality D3; Plate 1).

(c) The irregular contact between the green rhyolite and
purple rhyodacite near Window Bend does not appear to
be conformable.

(d) The position of the contact in drill hole GST 16 (Plate
8) did not coincide with its predicted position assum-
ing the beds were conformable (see Appendix 8 for logs
of holes, and Appendix 7 for photographs of drill - core).

(e) Possible intrusive contact against shales near Belconnen
Golf Course (locality D5; Plate 1).

The evidence for an extrusive origin is as follows:

(a) In Pine Ridge tunnel, the green rhyolite is welded and
massive at depth and grades up into a coarse agglomer-
ate, then into black shale. The transition zone has
blocks of green rhyolite up to 50 cm diameter surrounded
by black shale.

(b) On, and west of Pine Ridge Hill (locality D6; Plate 1),
the outcrop pattern suggests the rhyolite is bedded and
dips about 20 SW, and is overlain by the shales and
tuffaceous sediments (locality Gl) in the valley south
of Pine Ridge Hill.

(c) At Belconnen Golf Course (locality D4), the rhyolite
crops out to the east of the southwest-dipping Walker
Volcanics which suggests that the latter overlies the
rhyolite. This would mean that the shales in Pine
Ridge tunnel and at locality G1 are within the lower
part of the Walker Volcanics.

A chemical analysis of a sample of green rhyolite from
a road- cut on Weetangera Road (locality D1), and, for comparison,
two analyses from a similar green rhyolite in Tuggeranong tunnel,
are tabled in Appendix 5.

2.4.2 Walker Volcanics, lower sequence

A sequence of dacitic welded tuff and agglomerates,
pyroclastic flows, and sills and dykes of dacitic composition
with interbedded tuffaceous shale, siltstone, and sandstone
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comprises the lower part of the Walker Volcanics. In some places
there is complete gradation from the welded tuff through to the
tuffaceous sandstone. Drill core from GST 7 shows several beds
of massive welded tuff grading up into reworked tuffaceous sand-
stone with scour-and-fill structures near the top of each bed.
Intraclasts of contorted shale up to 10 cm thick and 1 m long are
incorporated in the tuff in drill core GST 7 and in outcrops to
the west of Parkwood Road (locality E2).

Most of the sediments are near the base of the sequence.
Above these most of the rock is welded dacitic agglomerate and
tuff, and intrusive rock. Most of the extrusive rocks are
massive, but in places they show a strong flow-banding/bedding
due to flattening of dark grey, fine-grained rock fragments. In
some places they grade up through reworked tuff into sandstone
lenses.

The intrusive rocks are similar in appearance to the
welded tuff, but are massive and slightly coarser-grained.
Intrusive contacts against well bedded tuffs and tuffaceous sedi-
ments have been seen in several locations (E3 and E4). The
intrusions are probably high-level sills and dykes.

The extrusive rocks in hand specimen are similar in
appearance to outcrops of extrusive Mount Painter Porphyry* near
Coppins Crossing, and have the following features in common.

(a) both have interbedded sediments

(b) both contain garnet

(c) both have a fragmental texture, e.g., contain angular
quartz

(d) both contain biotite which is often fresh

(e) composition of plagioclase is similar

(f) both contain rare potash feldspar phenocrysts

(g) chemical analysis of sample 75840019 is similar to five
analyses of Mount Painter Porphyry particularly Rb, Sr,
Ba, Zr (see Appendix 5). Sample 75840018 shows some
differences; it is an agglomerate and some changes in
chemistry probably occurred at the time of eruption.

* The Mount Painter Porphyry was the name given by Opik (1958) to
a porphyritic rock of dacitic composition to the southwest of
Canberra that he regarded as a sill. Subsequent mapping to the
west of Canberra has indicated that rock with apparent continuity
with the Mount Painter Porphyry exhibits primary structures
attributable to an extrusive origin.



-7-

The lower sequence of the Walker Volcanics is faulted
against the upper part of the Walker Volcanics to the south;
against purple rhyodacite and green rhyolite to the east; and
against Willow Bridge Tuff to the north. It is intruded by a
granite porphyry sill (Plate 1).

2.4.3 Walker Volcanics, upper part 

The upper part of the Walker Volcanics is at least 1500
m thick (Malcolm, 1954). It is thought to be •the same age as the
Hawkins Volcanics in the Yass Basin, but the units cannot be
correlated lithologically (Wyborn, pers. comm.). It is a sequence
of dacitic densely welded pyroclastic flows and tuffs with some
lenses of shale and limestone.

In Pine Ridge tunnel the upper part of the Walker
Volcanics consists of densely welded pyroclastic flows and tuffs,
mostly massive but with some thin-bedded welded tuffs and some
thin lenses of water-deposited shales and tuffaceous sandstones.
The massive welded rocks grade up into well-bedded crystal tuffs
near the west portal of Pine Ridge tunnel; in the 1MWQCC, well
bedded tuffs are ubiquitous. The general dip is 20 SW, but the
tuffs are moderately folded in the LMWQCC area.

The rocks are generally blue-grey to purple, but green-
grey rocks are also common. Chemical analyses of five samples
collected in Pine Ridge tunnel are presented in Appendix 5.
Chemistry of the five samples is fairly similar except for
Fe0/Fe 00, ratios which are high in the green varieties and low in
the puWe varieties. Total Fe as FeO ranges from 4 percent to 6
percent; Fe0/Fe 203 ranges from 4.3 to 0.45.

The purple colour appears to be due to secondary
oxidation which has permeated into the rock from permeable
defects in the rock mass. The oxidation is more complete in the
more permeable rock (close jointed and fractured) than in the
very tight, wide-jointed zones. Calcite veins are common in the
blue grey to purple zones, but rare in the green grey zones.

2.4.4 Willow Bridge Tuff (previously Laidlaw Volcanics)

The Willow Bridge Tuff unconformably overlies the Yass
Subgroup in the Yass Basin (Link, 1970) and unconformably over-
lies sediments (thought to be Yass Subgroup), purple rhyodacite
and purple rhyolite at Gooramon Ponds (Henderson, 1975). Near
the BWPCC, it either unconformably overlies or is faulted against
purple rhyodacite and pink rhyolite. The sequence is about 500 m
thick 1 km west of Yass (Link, 1971).
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In the area of the BWPCC, the Willow Bridge Tuff is a
sequence of densely welded pyroclastic flows of dacitic compos-
ition. It is generally pale grey with phenocrysts (approximately
25%) of quartz feldspar and biotite up to 5 mm in a fine-grained
groundmass; there is a dark grey bed about 70 m thick at the
base of the sequence which crops out along the eastern edge near
the BWPCC; this bed has fewer phenocrysts and a finer-grained,
darker groundmass.

Flow banding/bedding (dip about 35 °SW/135° ) can be seen
in some drill core and in exposures of extremely weathered rock
in creek beds (locality J2)0 Zones of quartz-epidote veining,
and pink calcite veining, are seen in GST 2 and 4 and in some
outcrops. Where this veining occurs the felspars and much of the
groundmass is stained pink.

2.4.5 Granite porphyry (Ginninderra Porphyry) 

This is a sill of granite porphyry which has intruded
along the bedding planes of the shales and sandstones within the
Walker Volcanics.

Intrusive contacts have been seen in exposures in
creeks near the Murrumbidgee River (locality L1) and in drill
core from GST 1 and GST 22.

The granite porphyry was probably emplaced in Ludlovian
times (Upper Silurian). The granite porphyry is regarded as part
of the Ginninderra Porphyry, which intrudes the Willow Bridge
Tuff to the west and north.

2.5 STRUCTURE 

2.5.1 Folding

Walker VoIcanics. Some gentle folding is present in
the lower part of the Walker Volcanics; and some strong folding
occurs in the shales near the granite porphyry intrusion (location
G2). No cleavage is apparent in the shales. The sequence is
tilted about 20 SW.

Gentle to moderate folding is present in the upper part
of the Walker Volcanics in Pine Ridge tunnel and in the LMWQCC
excavations. Most of the upper part of the Walker Volcanics is
also tilted about 20 °SW.

Willow Bridge Tuff. The Willow Bridge Tuff is a very
competent unit. No folding is apparent, and the unit is tilted
about 35 SW.



-9-

2.5.2 Faults 

Seven major faults have been located during the mapping;
however, only five of them intersect the GST line (Plates 1 to 5).
Many minor fractured or sheared zones are indicated by airphoto-
lineaments (Plates 2 to 5). Zones of low bedrock velocity, and
defect zones are shown on the seismic profiles (Plates 6 to 8).

The major fault zones range in width from a few metres
to several hundred metres; they generally consist of one or more
clay-filled crushed and sheared zones from 3 to 30 m wide, with
adjacent fractured rock. All the major faults extend beyond the
area mapped or are truncated by other major faults.

The upthrown and downthrown sides of the faults have
been deduced from stratigraphic relationships and are shown in
Plate 1. The faults were active during Silurian and Devonian
time, with probably some reactivation during the Late Tertiary to
Quaternary Kosciuskan uplift. Significant displacement across
the faults is unlikely to have taken place during the last
million years.

Some of the faults may still be active (i.e., causing
earth tremors), but relative movement alcng a fault producing a
measurable displacement at or near the ground surface would be
extremely unlikely and prediction of the site of such a displace-
ment is not possible. See also Seismicity.

Fault 1 crosses the northwest corner of the mapped
area and does not intersect the tunnel line (Plate 1). It is
roughly parallel to fault 5 and the Winslade Fault, a major fault
crossing the Molonglo valley about 6 km to the southeast. It is
also subparallel to one of the prominent photo-lineament direc-
tions in the area.

In February 1975 an earth tremor of magnitude 3 on the
Richter scale originated from an epicentre on this fault at a
depth of about 1.6 km. There was no displacement along the fault
at the ground surface.

Fault 2 is an east-west-trending fault which crosses
the tunnel line near stn 13+00. There is no rock outcrop near
the tunnel line from which width or condition of the fault can be
estimated. Between the tunnel line and the Murrumbidgee River
the fault can be traced on aerial photographs, and appears to
divide into several fault zones. Near the Murrumbidgee River the
fault can be seen in creeks and in outcrops as sheared and
fractured zones up to 100 m wide. Drill holes GST 6 and 8 inter-
sected sections of crushed and sheared granite porphyry. The
extent of the fault to the east is not known.
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' The northside of the fault is thought to be the down-
thrown block since it contains the Willow Bridge Tuff which is
thought to be younger than the lower part of the Walker Volcanics,
which occurs south of the fault.

Fault 3 intersects the tunnel at stn 40+20. Where fault
3 is exposed in creek beds to the west of the tunnel line the
crushed and sheared zone ranges from 25 to 50 in wide. Where fault
3 crosses the Murrumbidgee River, there is 3 m of sheared and
crushed rock with 10 m of strongly fractured rock and up to 100 in
of moderately fractured rock on the south side of the fault. The
rocks on the north side of the fault have not been affected.
Drill hole GST 12 revealed a 3 in wide crushed zone with sheared
and fractured rock on the south side.

The south side of the fault is considered to be the
downthrown block; this interpretation requires a much smaller
displacement than if the south side were the upthrown block.
East of the tunnel line, fault 3 may be truncated by fault 6 and
probably by fault 5, although fault 3 may diverge and merge with
fault 5.

Fault 4 intersects the tunnel line at stn 47+50; it
trends southeast, subparallel to the Deakin Fault - a major fault
6 km to the northeast through Belconnen -"and to the second major
photo-lineament and joint direction in the area. It is truncated
at its northwestern end by fault 5, and at the southeastern end,
it is possibly truncated by fault 7. Fault 4 is probably a con-
tinuation of fault 3 that has been displaced by dextral trans-
current movement along fault 5.

Fault 4 is exposed in several places in the creek near
Window Bend. The zone of crushed and sheared rock appears to
range from less than 1 in to about 15 in wide. Drill hole GST17
revealed that it consists of sheared and crushed shale and vol-
canic fragments in a heavy clay matrix with 20 in of sheared and
fractured rhyolite on the northern side. The condition of the
rock on the southern side is probably similar to that on the
south side of fault 3, but will not have any effect on the con-
struction of the GST as the rock will be under the spoil heap at
Willow Bend.

The fault is an impermeable barrier and has held back
water in the fractured rhyolite to the northeast. Drill hole
GST17 went through this fault into the fractured rhyolite, and
water has flowed from the collar of the hole continuously since
it was drilled.

The south side of the fault is considered to be the
downthrown block for the same stratigraphic reason that applied
to fault 3.



Fault 5 appears to divide into several faults in some
areas. The fault zone is about 30 m wide near Pine Ridge home-
stead (locality Z; Plate 1) but widens out to about 200 in and
becomes hard to trace in the upper part of the Walker Volcanics
(locality Y; Plate 1). Aerial photographs show the fault con-
tinues south of Uriarra Crossing.

Fault 5 is subparallel to Fault 1, to the Winslade
Fauq, and to the prominent photo-lineament and joint direction
(060 ) in the area.

Fault 6 is a branch of Fault 5. It was intersected by
drill hole GST13; it appears to have been intersected near the
surface in GST15, and it must lie between GST14 and GST21 as the
rock types in these two holes are on the opposite sides of the
fault. The trace of the fault on the ground surface is fairly
irregular (Plates 1 and 5).

Where intersected by GST13, the fault zone consisted of
0.5 m of crushed and sheared shale and rhyolite, with about 6 m
of sheared and fractured rhyolite on the eastern side. Drill
holes GST14 and GST15 revealed that in these areas there is at
least 20 m of slicksided, seamy, and fractured rock on each side
of the crushed zone.

The wedge between faults 4 and 5 is very complex and
appears to be extensively faulted and the detailed structure has
not been worked out.

2.5.3 Photo-lineaments 

Photo-lineaments are plotted on Plates 2 to 5 (see
Investigation Methods, Appendix 1). These probably represent
sheared and fractured zones. There are two main directions of
lineaments and several random lineaments. The main joint set
directions are probably parallel to the main photo-lineament
directions.

Photo-lineaments plotted during the design investiga-
tion of Tuggeranong tunnel correlated well with defect zones
encountered during its construction.

2.5.4 Joints 

No detailed joint study has been gone n th area. The
main joint sets in Pine Ridge tunnel are 90 /p60 ,,90"7160 , and

7a third set parallel to bedding. The sets 90`060` j and 90° /160°
are subparallel to the major fault directions (including the
Deakin and Winslade faults) and to the most common photo-linea-
ment directions in the area. These will probably be the most
common joint sets in the tunnel but joints are controlled by
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folding and faulting and vary according to structural domain.
Therefore, the main joint sets are likely to vary several times
along the tunnel line.

2.6 SEISMICITY

Recorded seismic data for the last 13 years show a
number of epicentres within a few kilometres of the tunnel line,
indicating the possibility that some of the faults are active
(i.e., causing seismic tremors). A tremor of magnitude 3 on the
Richter scale originating from an epicentre 1.6 km depth on
fault 1 was recorded in February 1975. Data are insufficient to
predict either frequency or magnitude of future tremors.

An earthquake producing measurable displacement at the
ground surface would be extremely unlikely, and prediction of the
site of such a displacement is impossible.

3. ENGINEERING GEOLOGY

3.1 ENGINEERING, GEOLOGICAL AND EXCAVATION PROPERTIES OF THE

ROCK TYPES 

3.1.1 DACITE: WALKER VOLCANICS, UPPER PART 

(Stn 47+60 to 57+88. Drill holes GST17 GST18, GST20, MV7)
(Stn 40+20 to 43+80. Drill holes GST12, GST13, GST14)

Tunnelling conditions in these sections of Ginninderra
sewer tunnel are expected to be similar to those encountered in
the western 1800 m of Pine Ridge tunnel, which passes through the
same rock unit. Within this part of the text, references to Pine
Ridge tunnel refer only to the section within 1800 in of its west
portal (see note on 'Correlation with Pine Ridge tunnel',
Appendix 1).

3.1.1.1 ENGINEERING PROPERTIES OF THE ROCK SUBSTANCE

The methods for determining the mechanical rock para-
meters, and the results of testing, are set out in Appendix 4.

Most samples tested were of the purple or green variet-
ies of the dacite. The fresh blue grey dacite is expected to give
higher values for both UCS and Shore Hardness.
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Sample
location

UCS (MPa) Point Load Strength (MPa)

No. of
samples

Range Average Samples
successfully

tested

Is(50)** UCS
equiv.*

Mean
hardness
(Shore
units)

Range Average

GST 13 6 4.2-9.9 7.0 170

GST 18 3 96-145 120 7 2.9-7.8 5.1 120 68

GST 20 3 141-255 206 10 4.9-7.5 6.2 150 89

MV 7 3 187-239 213 91

Mv 11 4 177-262 222 88

Pine
Ridge
Tunnel 65 4.3-12.0 7.9 200

*^Values in the^'UCS equivalent'^column were obtained from Brock & Branklin (1972).

** Point Load Strength Index; see Appendix 4.
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3.1.1.2 TUNNEL SECTION STN 47+60 TO 57+88
(Drill holes GST17, GST18, GST20, MV7)

3.1.1.2.1 Geological properties of the rock mass at tunnel level 

(Plate 8) 

Weathering. This section of the tunnel will be excava-
ted through fresh dacite, except for about 40 m of moderately
weathered to fresh rock near the south portal at Window Bend. The
highest-velocity seismic refractor indicates that the base of the
zone of weathering is more than 10 m above tunnel crown along 700
m (about 95%) of this section.

Seismic velocities*. Bedrock** velocities range from
3500 to 4400 m/sec, similar to the 3400 to 4800 m/sec for the
same rock type in Pine Ridge tunnel.

Defects. No major faults have been detected by surface
mapping or seismic refraction along the tunnel line.

In Pine Ridge tunnel, long sections (up to 700 m) of
competent rock (RCN< 4) are broken by shorter sections (generally
40-100 m, but up to 200 m) of less competent rock (RCN>..4). In
the competent rock (about 75% of Pine Ridge tunnel) joints are
mostly spaced 0.3 to 1 m and are slightly open to very tight.
There are four main joint sets in Pine Ridge tunnel:

Jl 80°/W/170°^Spaced 0.6 - 2 m
J2 90° /060°^"^0.3 - 1 m

J3 20° -40°/N/070° (bedding)^0.1- 0.6 m

J4 80°/S/100°-140°^occur intermittently

The above joints vary in prominence from area to area, and in
many places some or all sets are not present. There are many
random discontinuous joints, and in some areas joints sets other
than those listed above are more prominent.

In competent sections of Pine Ridge tunnel, crushed and
sheared zones, generally 0.1 to 0.3 m wide, associated with thin
clay seams and close jointed and fractured zones up to 1 m wide,
are spaced about 10 to 200 m apart. Most are oriented parallel
to J1 or J3.

* Time-distance curves for the seismic profiling are available
at BMR for inspection by tenderers.

** The term 'bedrock' as used in this report refers to the deepest
seismic refractor detected, and the term 'overburden' refers
to the soil, colluvium, and weathered rock above that
refractor.
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The less competent rock (about 25% of Pine Ridge tunnel)
is more closely jointed (o.1-0.3 m), with joints slightly open or
with some clay on surfaces. Crushed and sheared zones (less than
2% of Pine Ridge tunnel) are generally 0.3 to 1 m wide, with 3 to
30 m of associated close jointed and/or fractured and seamy rock.

Defects in GST are expected to be similar in width,
spacing, and condition to those in Pine Ridge tunnel, except
that, along the GST line, joints parallel to bedding dip about
20 SW/130 . Spacing is variable from 10 to 30 cm between the
Window Bend south portal and stn 51+00, to greater than 60 cm for
most of the rest of the section.

3.1.1.2.2 Groundwater inflows*

Watgr outflowed from each portal of Pine Ridge tunnel
at about 10 m /hr during excavation. Outflows from this section
of the Ginninderra sewer tunnel are expected to be less than those
from Pine Ridge tunnel because groundwater in the area has been
substantially drained by the deeply incised nearby Murrumbidgee
River and its deep tributary creeks. The maximum height of the
water-table above tunnel level is about 10 m. The porosity and
permeability of this rock mass is expected to be similar to that
at Pine Ridge tunnel, so it is unlikely that there is much water
stored in the rock above tunnel level.

Based on experience at Pine Ridge tunnel, when water-
bearing defects were intersected during excavation,,water inflows,
generally less than 1 eJ /hr but possibly up to 10 m u/hr in a few
zones, will enter the tunnel initially but will decrease rapidly
after excavation.

3.1.1.2.3 Excavation properties 

Effect of engineering properties. The rock is very
strong and very hard. Drill penetration is slow and drill wear
rate is high. In the hardest blue-grey dacite in Pine Ridge
tunnel one drill steel was worn out for about every 5 m of
drilling.

In Pine Ridge tunnel the average weight of explosive
(AN60 and ANFO in varying proportions) per cubic metre of rock
excavated (including overbreak**, which was cglculated from con-
crete quantities) ranged from 2.6 to 3.6 kg/m . However, over-

* Water-pressure test computation sheets are available at BMR
for inspection by tenderers (see also Appendix 3).

** The term "overbreak" in this report refers to the depth meas-
ured normal to the C-line (see Fig. 3) of the space produced
when a block or blocks of rock fall from outside the line of the
perimeter drill holes. Predictions of overbreak in this report
assume a well designed and loaded drilling pattern suitable for
the rock conditions encountered. Overbreak due to poor drilling
and blasting procedures cannot be predicted. The overbreak
figures quoted do not refer to the average overbreak which
could be expected for that particular tunnel section.
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break in Pine Ridge tunnel was excessive for such competent rock
and much of it is attributed to inaccurate drilling and over-
blasting. A neat tunnel profile with less overbreak could be
produced in this section of the GST with more accurate drilling
and slightly smaller explosive quantities.

Effect of geological properties of the rock mass.
Using the sane excavation techniques, overbreak would be slightly
greater in GST than in Plne Ridn tunnel because of the prominent
joint set J2 (strike 040 to 070 w in GST line), which is sub-
parallel to the tunnel line.

Joint set 20oSw/130o (parallel to the bedding) will dip
with tunnel drive and should not cause extra overbreak if the
tunnel is driven from Window Bend.

Intersection of major joints spaced 0.3 to 1 m will
cause blocky ground in areas where the joints are open or clay-
coated, and random rock bolts** may be needed to pin some blocks.

The narrow sheared and fractured zones in the competent
sections (RCN.c4) will generally not need support. In the less
competent sections (RCN04), low angle shears, seams, and frac-
tured zones will occur at random orientations and will cause some
overbreak; some of these defects will need support. Defect
zones >10 m wide will need support irrespective of orientation.

Excluding the portals, 3 percent of the upper part of
the Walker Volcanics in Pine Ridge tunnel had steel-set support
in irregularly spaced sections 6 to 15 m long. A similar percen-
tage is expected in this section of GST; however, it could be
higher if any major defects oriented parallel to the tunnel line
run along the tunnel crown for any distance.

In Pine Ridge tunnel the following percentages of each
rock condition number were mapped in this section of the Walker
Volcanics. See Appendix 2 for definition of Rock Condition
Number (RCN).

RCN 2^20%

TCN 3^55%

RCN 4^23%

RCN 5^2%

Similar percentages are expected in this section of GST.

Effect of groundwater inflows. No major groundwater
inflows that could significantly slow excavation progress are
expected.

** The term 'random rockbolts' is used by tunnel engineers for the
placing of rockbolts as required by the rock conditions, as
distinct from 'pattern rockbolts' where rockbolts are placed
in a regular pattern along a section of tunnel.
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Combined effects of all parameters:

(a) Geologically there is no reason why the excavation rate
should differ from that maintained in the same unit in
Pine Ridge tunnel.

(b) The blue grey dacite is very hard, and drill penetra-
tion will be slow and drill wear rate high.

(c) Less overbreak can be expected in this section of GST
than in Pine Ridge tunnel if drilling is more accurate
and slightly less explosive is used,

(d) Excluding portals, about 3 percent of this section is
expected to need steel-set support.

(e) No major groundwater inflows which could significantly
slow excavation progress are expected.

(f) Within this section, the percentages of tunnel assigned
to each rock condition number are expected to approx-
imate those logged in Pine Ridge tunnel which are set
out below.

RCN 2^20%

RCN 3^55%

RCN 4^23%

RCN 5^2%

3.1.1.2.4 Contact, stn 47+50: fault 4 (drill holes GST 17) 

The contact between dacite of the upper part of the
Walker Volcanics and the green rhyolite is fault 4. This will
affect the Window Bend north portal and its engineering signif-
icance is described in that section

3.1.1.3 TUNNEL SECTION STN 40+20 TO 43+80
(Drill holes GST 12, GST 13, GST 24)

3.1.1.3.1 Geological properties of the rock mass at tunnel level 
(Plate 8)

Weathering. This section of the tunnel will be in
fresh dacite of the upper part of the Walker Volcanics.

Seismic velocities. Seismic velocities of 3600 to 4600
m/sec indicate that the rock mass is fairly tight.
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Defects, This part of the tunnel passes through a
wedge of rock between faults 3 and 6. Fault 6 runs close to the
tunnel line for most of the length of this section and has prob-
ably caused some shearing and fracturing in the rock mass. Drill
holes GST12 and GST13 reveal that the rock has been part3y
stressed and sheared, but most defects have been healed with
chlorite. Joint spacing is variable from 20 cm to 1 m. Joint
surfaces are slickensided and coated with chlorite and are fairly
tight. Many small fractured zones from 10 cm to 1 m wide, spaced
30 cm to 5 m, were intersected in drill holes GST12 and GST13.
Crushed seams up to 10 cm wide with clay are also common. Most
sheared and fractured zones probably strike parallel to fault 6,
i.e., at a small angle to the tunnel.

3.1.1.3.2 Groundwater inflows 

The water table ranges from 20 to 40 m above tunnel
level. Water-pressure test losses in drill holes GST12 and G8T13
were up to 10 lugeons, but most were less than 1 lugeon, indicat-
ing that permeability of the rock mass is generally fairly low.

Most of this section will be damp, with persistent
seepages and drips from some fractured zones. Most open joists
and fractured zones will yield,initial inflows less than 1 e/hr,
but a few may yield up to 10 e/hr.

3.1.1.3.3 Excavation properties 

Effect of engineering properties: similar to stn 47+60
to 57+88, except that shearing and formation of chlorite through-
out the rock has probably reduced the strength of this rock
slightly. Drill penetration should be marginally faster and
drill wear rate slightly lower.

Effect of geological properties of the rock mass. The
variable joint spacing from 20 cm to 1 m will mean that, when
blasted, much of the rock mass will break into fragments less
than 30 cm diameter, but in some sections some larger blocks will
remain.

The fracturing, shearing, and close jointing resulting
from the nearby faults will mean that there is more loose ground
in this section than in the section from stn 47+60 to 57+88.
Many of the crushed, sheared, ang fractured zones are expected to
be parallel to fault 6 (about 20 to tunnel line) resulting in
longer sections of support and more overbreak. About 20 percent
of the section from 40+20 to 43+00 is expected to need steel-set
support.
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In competent rock some blocks generally less than 30 cm
will fall out from beyond the C-line. Crushed, sheared, and
fractured zones parallel to fault 6 will probably cause up to 1 m
overbreak in the east wall oand crown in places, Clay-coated
defects with dips up to 45 against tunnel drive could cause in
excess of 1 m overbreak.(rare)

Effect of groundwater inflows. The water inflows
expected should not cause any delay in excavation progress. The
action of groundwater on the clay-filled defects, especially near
fault 6, will reduce the stand-up time of the rockmass.

Combined effects of all parameters:

(a) Rock condition number is expected to be mainly 3, with
some 4 and possibly some 5.

(b) About 20 percent of the section from stn 40+20 to 42+30
is expected to need steel-set support with timber
logging.

(c) Generally less than 30 cm but in places up to 1 m over-
break in the crown and east wall may result from
defects oriented parallel to fault 6. Other unfavour-
ably oriented defects may cause in excess of 1 m over-
break (rare).

(d) Drill penetration will be slightly faster and drill
wear rate slightly lower than section stn 47+60 to
57+88.

3.1.1.3.4 Contact, stn 40+20: fault 3 (Drill hole GST12) 

The contact between the upper and lower parts of the
Walker Volcanics is fault 3. Drill hole GST12 revealed a 5 m
wide crushed zone of soft and weak clayey gravel with fragments
less than 2 cm in a sandy clay matrix. On the southern side of
the fault the rock is closely jointed and slickensided for 20 m
from the fault zone, and to the north of the fault the rock is
widely jointed and tight (i.e., little affected by the fault).



3.1.2 GREEN RHYOLITE: STN 46+10 (APPROX.) TO STN 47+45.^(DRILL HOLES GST 16, GST 17)

3.1.2.1^Engineering properties of the rock substance

UCS (MPa) Point load strength (MPa)

Sample
location

No0^of
satples

Range Average Samples
success-
fully

Is(50) UCS
equiv.

Mean hardness
(Shore units)^no

!

tested Range Average

GST 16 NOT TESTED 9 6.1- 9,0 220 NOT TESTED
11.4

GST 17 3 247-322 283 509- 8.4 200 96
10,2

Road cut 9 6.1- 9.8 240
D1 11.4
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3.1,2,2 Geological properties of the rock mass at tunnel level 
(Plate 8)

Weathering. This section of tunnel will be excavated
through fresh green rhyolite.

Seismic velocities. Bedrock velocities range from 3400
to 4400 m/sec. 4400 m/sec probably represents fairly tight rock;
3400 m/sec probably represents closely jointed rock, with joint
surfaces partly separated and rock mass moderately loose.

Defects. This section of tunnel will be excavated
through rock which is in a wedge between faults 4 and 5. Move-
ment on the two faults during the Siluro-Devonian and Tertiary
times has probably broken this wedge of rock into a closely
jointed and fractured mass; the movement has probably caused the
rock mass to be strained and the joint surfaces to be partly
separated. However many of the joints in the drill core from GST
16 and GST 17 have been partly cemented with silica. Where the
cementing is incomplete, cavities up to 70 mm but generally less
than 5 mm diameter have been formed (drill hole GST 16).

Most of the rock mass is expected to be closely jointed
(10-30 cm) and fairly loose with some fractured zones. Areas
where joints have been cemented will effectively be wider jointed
(30-60 cm) and tight. Clay seams and 'greasy backs' are not
expected in the rhyolite although there may be some, especially
approaching the contact with the purple rhyodacite.

3.1.2.3 Groundwater inflows 

The rock mass is very permeable. Water-pressure test
losses in GST 17 were up to 25 lugeons and GST 16 lost a4 drill-
ing water at one level. ,fiST 17 flowed initially at 1.6 m"/hr and
decreased to about 0.5 re/hr. When GST 17 was drilled, the water-
level in GST 16 fell 7 m in one week.

Water is contained in open joints and fractured zones
and in the small cavities mentioned above. When these are inter-
sscted during excavation, wateE inflows generally less than 5
m /hr, but possibly up to 20 m /hr in a few zones, will enter the
tunnel initially.

3.1.2.4 Excavation properties 

Effect of engineering properties. The Shore Hardness
and the UCS of the green rhyolite are higher than for the dacites
in the upper part of the Walker Volcanics. This suggests that
drill penetration will be slower and drill wear rate higher.
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Explosive quantities per volume will probably be
similar to or less than for dacites in the upper part of the
Walker Volcanics because the close spacing of joints will offset
the higher UCS of the rhyolite.

Effect of geological properties of the rock mass. The
closely spaced joints will cause the rock mass the break into
fragments generally less than 30 cm diameter when blasted.

Areas where the rock is closely jointed and loose will
require steel-set support with timber lagging. About 40 percent
of this section is expected to need steel-set support.

In loose sections, overbreak will depend mainly on
tunnelling methods (explosive quantities, drilling accuracy), and
how quickly support is erected to retain the loose rock.

In the sections where joints are cemented, blocks gen-
erally less than 60 cm may fall, in, leaving voids beyond the C-
line. Rockbolts may be more efficient and economical than steel
sets in supporting rock of this nature.

Effect of groundwater inflows. The water inflows
expected should not cause any delay in excavation progress.

This section of tunnel is expected to yield the largest
water inflows. Special attention should be given to making a
watertight concrete lining in this section. As this section only
extends 150 m from the portal some consideration should be given
to providing a drain below the tunnel lining.

Combined effect of all parameters:

(a) Rock condition number will be mostly 4, with some 3.

(b) About 40 percent of this section.is expected to need
steel-set support with partial timber lagging.

(c) Amount of overbreak could vary greatly in this section,
but will depend mainly on tunnelling method.

(d) - Advance rate will be slowed by (i) jamming of drill
stems in loose rock, and (ii) necessity to erect steel-
set support.

3.1.2.5 Contact, stn 46+10 (drill hole GST 16) 

The contact between the green rhyolite and purple rhyo-
dacite in the core from GST 16 could be either intrusive or con-
formably extrusive. No major defect is known to exist at the
contact. Water inflows, overbreak and support are not expected
to be significantly different at the contact than in the rocks on
either side of the contact.
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3.1.3 PURPLE RHYODACITE: STN 43+80 TO APPROX. STN 46+10 (DRILL HOLES GST 15, GST 16) 

3.1.3.1 Engineering properties of the rock substance 

UCS (MPa) Point Load Strength (MPa)

Sample Mean
location No. of Range^Average Samples Is(50) UCS hardness

samples success-
fully
tested

equivalent (Shore
units)

Range Average

GST 15 CORE TOO FRACTURED NOT TESTED

GST 16 3 all samples failed
prematurely on
joints

6 2.9-6.1 4.6 110 78

CA)
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The rock was too fractured and seamy to enable samples
of required size to be collected for testing although 6 success-
ful point load and three Shore Hardness tests were carried out on
GST 16 core.

3.1.3.2 Geological properties of the rock mass at tunnel level 
(Plate 8)

Weathering. The rockmass at tunnel level is below the
zone of weathering, but the rock has been altered by moving
groundwaters. Degree of alteration is probably variable; much
of the rock is probably equivalent to highly to moderately
weathered dacite, with zones of slightly weathered and seams of
extremely weathered material.

Seismic velocity. The seismic velocity of 3700 m/sec
for this material indicates that although the rock is moderately
weak the bulk density is high because there are few voids or open
joints; most joints are clay-filled.

Defects. The purple dacite is part of the wedge between
faults 4 and 5. Movement of the faults during Siluro-Devonian
and Tertiary times has caused the rock mass to be strained and
the joint surfaces to be partly separated, allowing water to
penetrate the rock mass and cause alteration.

The rock mass is expected to be closely jointed (10-30
cm), with most joints clay-filled. Clay-filled, crushed, sheared
and fractured zones are likely.

3.1.3.3 Groundwater inflows 

Water pressure tests in GST 15 and in the purple rhyo-
dacite in GST16 showed negligible water losses. Most of the rock
mass is expected to be relatively impermeable because most of the
defects are clay-filled.

Anywater inflows are expected to be small (probably
less than 3 e/hr). Water will seep and drip from clay-filled
fractured and sheared zones.

3.1.3.4 Excavation properties 

Effect of engineering properties. The UCS tests of the
purple rhyodacite suggests that much of the rock has the strength
of highly to moderately weathered rock. Drill penetration will
be rapid and drill wear rate low.

Effect of geological properties of the rock mass.
Blasting will break the rock into fragments generally less than
20 cm diameter because the rock is weak and closely jointed.
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Probably 70-100 percent of this section will need
steel-set support with timber lagging. In some places consider-
able weight may be imposed on the sets, and spacing less than 1 m
may be required.

Overbreak will depend mainly on efficiency in install-
ing support. Clay-coated defects with dips up to 45 against
tunnel drive could cause several metres of overbreak in a few
places. Generally overbreak will be less than 60 cm.

Effect of groundwater inflows. Groundwater inflows are
expected to be small. However the action of the groundwater on
the clay-filled defects will reduce the stand-up time of the rock
mass.

Combined effects of all parameters:

(a) This is expected to be the most difficult section of
the tunnel to excavate and support.

(b) Rock condition number will be mainly 4, but long sec-
tions of 5 are possible.

(c) Expect 70 to 100 percent steel-set support is expected,
which sets spaced less than 1 in in some zones.

(d) Overbreak will generally be less than 60 cm, but could
be in excess of 1 m in some zones where poorly oriented
defects occur.

(e) Advance rate will be slowed by necessity to erect
support and sometimes to fill large overbreak with
timber lagging. It may be more economical to use hand-
held machines for tunnelling some sections.

3.1.3.5 Contact, stn 43+80; faults 5 and 6 (drill hole GST14)

The contact between the purple rhyodacite and the
dacite of the upper part of the Walker Volcanics is a fault zone
(faults 5 and 6) which probably extends for about 150 m along
tunnel line. Drill hole GST14 reveals that the dacite in the
fault zone is closely jointed and fractured. Joints are gener-
ally spaced less than 10 cm, and are coated with calcite and
chlorite and are slickensided. Most joint surfaces are greasy,
having from 1 to 10 mm of clay. Clay seams up to 10 cm thick are
spaced less than 30 cm in places in GST14.

Rock condition in the tunnel is expected to be 4 to 5.

When blasted the rock will mostly break up into a coarse
gravel with few fragments larger than 20 cm diameter.
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8Q to 100 percent of this section is expected to need
steel-set support.

Water inflows are expected to be similar to the remain-
der of the section from 43+00 to 40+20.

3.1.4 WALKER VOLCANICS, LOWER SEQUENCE

3.1.4.1 DACITE AND TUFFACEOUS SANDSTONE
(Stn 37+30 to 40+20: Drillholes GST 11 and 12)
(Stn 15+20 to 25+00: Drillholes GST 7 and 1)

The rock in these sections consists of dacitic welded
tuffs and agglomerates, with sills and dykes of dacitic compos-
ition. The northern section (15+20 to 25+00) also contains
interbeds of tuffaceous sandstone and some minor shales. The
main section of shale in the Walker Volcanics is discussed in the
following section.

Samples of reworked tuff give lower strength results
than the welded tuff and agglomerates. This accounts for the
larger range of values and the lower mean on GST11 and GST 12.
UCS of welded tuffs is greater than 200 MPa. UCS of reworked
tuff is less than 120 MPa. There is a complete gradation
between these rock types, so UCS of the volcanics in this section
is expected to range from about 100 to 250 MPa.
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3.1.4.1.1 Engineering properties of the rock substance 

Point load strength (MPa)UCS (MPa)

Average

Sample
location No0 of

samples
Range Average Samples

successfully
tested

Is(50) UCS
equiva-
lent

Mean
hardness
(Shore
units)Range

4.4

GST7
(reworked

tuff)

GST7
(welded

tuff)

GST 11

GST 12

Locality
El

204

157

102

13

11

10

12

10

3.2-5.3

6.5-15.8

4.1-7.4

3.4-10.6

7.1-14.0

110

220

150

170

250

73

74

70

203-205

152-164

97-105

3

3

3

9.8

6.2

7.2

10.5
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3.1.4.102 Geological properties of the rock mass at tunnel level 
(Plates 6 and 7) 

Weathering. These sections of tunnel will be excavated
through fresh rock.

Seismic velocities. Bedrock velocities of 4400 to 5100
m/sec were recorded in this rock type except for 80 m of 3300 to
3400 m/sec between stn 39+40 to 40+20. The higher velocities
represent tight rock. The 3300 to 3400 m/sec velocities lie
close to fault 3 and probably represent partly fractured and
sheared rock.

Defects. Most of the rock mass is expected to be
tight. Joints are generally spaced 0.3 to 1 m but are wider in
some places and are commonly cemented with calcite. Many.joint
surfaces are coated with chlorite and slickensided. Flow-banding
is apparent in some places but this is not expected to be a
weakness. Some narrow fractured and/or sheared and crushed zones
can be expected.

In the section from 37+30 to 40+20, GST12 revealed good
sound rock and GST11 revealed slightly weaker and more jointed
rock with some crushed seams (clayey gravel) generally less than
20 cm wide and spaced 1 to 6 m in the drill core.

3.1.4.1.3 Groundwater inflows 

The water-table is about 30 m above tunnel level.
Water-pressure test losses in drill holes GST12, GST11, and GST7
were insignificant, which indicates that the permeability of the
rock mass is low.

Most of this section will be dry or damp. Most open
joints and fractured zones wiql drip or seep but somq will yield
initial inflows less than 1 re7hr. Flows up to 10 tn .-7hr are
possible but unlikely.

3.1.4.1.4 Excavation properties 

Effect of engineering properties. The Shore Hardness
of this dacite is less (i.e., softer) than the Walker Member
dacite. UCS values range from about 100 MPa for the reworked
tuffs, up to values similar to those from the dacite of the upper
part of the Walker Volcanics ( 200 MPa) for the densely welded
tuffs. Drill penetration, drill wear rate, and explosive quan-
tities for dacites with UCS near 200 MPa will be similar to the
dacite in the upper part of the Walker Volcanics; the softer
dacite will be more easily and economically excavated.
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Effect of geological properties of the rock mass. When
blasted, the reworked (softer) dacite is expected to break across•
the rock fabric more readily than the harder dacite and the
dacite in the upper part of the Walker Volcanics. Away from
prominent defect zones, joints will be tight and spaced generally
0.3 to 1 m.

About 10-15 percent of the dacite in these tunnel
sections is expected to need steel-set support. In most of this
rock type overbreak will generally be less than 30 cm beyond
C-line; up to 60 cm may occur in blocky zones. Overbreak in
sheared or fractured rock will generally be less than 1 m, but
may be greater than 1 m (rare).

Effect of groundwater inflows. No major groundwater
inflows that could significantly slow excavation are expected.

Combined effects of allparameters:

(a) Drill penetration and wear rate, and explosive quan-
tities for dacites with UCS near 200 MPa, will be
similar to those for the Walker dacite; the softer
dacite (reworked tuffs) will be more easily and econom-
ically excavated.

(b) About 10-15 percent of the dacite in these sections is
expected to need steel-set support.

(c) No major groundwater inflows that could significantly
slow excavation progress are expected.

(d) Rock condition will be mostly 2 to 3, with some 4.

(e) Average excavation rate is expected to be slightly
faster than in the Walker dacite.

(f) Overbreak is expected to be minor along most of this
section; a good tunnel profile.

3.1.4.1.5 Contact with granite porphyry, stn 37+30

The contact with the granite porphyry (stn 37+30
approx.) is possibly intrusive or possibly faulted. Drill core
from GST24 revealed that the granite porphyry is closely jointed,
and joints are strongly slickensided. GST11 revealed that the
rock is closely jointed and that there are some crushed seams.

The contact is expected to be closely jointed and
fractured. Joints will be strongly slickensided, and coated with
chlorite and calcite. There may be some clay seams and zones of
clay-coated joints. Parts of the rock mass will be moderately
loose.



3.1.4.2 SHALES: STN 25+00 TO 26+20 (DRILL HOLES GST7, GST1) 

3.1.4.2.1 Engineering properties of the rock substance 

Sample
location

I
UCS (MPa)^Point load strength (?!Pa)

Mean
hardness
(Shore
units)

No. of
samples

Range Average Samples
success-
fully
tested

Is(50) UCS
equiv.

Range Average

GST7 3 >111 -
>197

,144 9

NOT TESTED
i

1.6-3.7

1

2.3 55 68
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All UCS samples of shale failed prematurely along an
incipient fracture in the test sample.

3.1.4.2.2 Geological properties of the rock mass at tunnel level 
(Plate 7)

Weathering. The shales at tunnel level are expected to
be fresh. However, thin interbeds - beds of tuffaceous sandstone
or siltstone - may be decomposed to clay seams in some areas.

Seismic velocities. Bedrock velocities in the sequence
of rocks containing the shales are 4200-4400 m/sec, but it is not
possible to determine if these velocities are in the shale or in
the interbedded dacites since the seismic refraction method
cannot pick up a lower velocity below a higher velocity.

No seismic refraction profiling was done in the NSW
Electricity Commission Substation (stn 18+20 to 24+20).

Defects. Joint spacing in most of the shale is expect-
ed to be tight. However, some tight folding has been seen in
surface outcrops; tightly folded shales at tunnel level may be
very closely jointed.

GST7 revealed that the bedding planes were very tight
and were not a weakness in the rock. However, it is expected
that in places the shale will tend to part on the bedding planes.
In some places there may be clay seams on bedding planes and in
joints. In some places, thin beds (0.1-0.3 m thick) of tufface-
ous sandstone or siltstone may be decomposed to clay.

The general dip of the shale is 20 °W/160° , but this is
likely to be variable owing to small-scale folding.

No major faults or defect zones have been detected, but
some may be present where the Electricity Substation prevented
investigation.

3.1.4.2.3 Groundwater inflows 

The shale is expected to be mostly tight and impermea-
ble. There may be some open joints or fractured zones - especial-
ly near contacts - that will yield some irTial inflows but these
are expected to be generally less than 3 m /hr, although larger
inflows are possible.

3.1.4.2.4 Excavation properties 

Effect of engineering properties. Drill penetration
will be faster and drill wear rate less than in the dacites, and
is expected to be about average for hard shale.
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Effect of geological properties of the rook mass. The
shale will generally fragment into pieces less than 10 cm
diameter. Most of the shale will be tight and a good tunnel
profile could be produced. In areas where the rock parts easily
on bedding planes, 'slabby' conditions may result, producing
overbreak generally less than 50 cm. Regular barring-down of
flaking slabs will generally be sufficient in these areas but
some zones may need rockbolts.

Some badly oriented defects may cause in excess of 1 m
overbreak (rare).

Any fractured or sheared zones that dip unfavourably or
that are wider than a few metres will need steel-set support. In
folded zones with decomposed thin sandstone beds or clay seams on
bedding planes, some steel-sets may be required, especially where
the dip is against the direction of tunnel drive.

Effect of groundwater inflows. No major groundwater
inflows that could significantly slow excavation progress are
expected.

Combined effects of all parameters:

(a) Drill penetration will be fast and drill wear rate low.

(b) Explosive quantities will be low.

(c) Rock condition will be mainly 2 to 3, with some 4.

(d) About 15 percent steel-set support and about 5 percent
rock-bolts are expected in the shale.

(e) Overbreak will be minor in most of the section.

(f) No groundwater inflows that could significantly slow
excavation progress are expected.

3.1.4.2.5 Granite-shale contact between stn 26+00 and 28+00

The contact could cross the tunnel anywhere between stn
26+00 and stn 28+00. It is possible that the contact could
follow the tunnel for up to 200 m, but this is considered very
unlikely.

Drill hole GST1 revealed that the contact was fractured,
open-jointed, and limonite-stained; clay seams are possible.
Rock condition at the contact is expected to be 4 to 5. Steel-
set support will probably be required if the contact occurs in
the tunnel for more than about 3 m.
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314.2.6 Granite contact, stn 15+20 approx.

The contact between the granite porphyry and the lower
part of the Walker Volcanics has not been intersected by any
drill hole and cannot be seen at the surface. Its exact
position, orientation, width, and condition are therefore not
known. Rock condition at this contact will probably be similar
to conditions at the granite-shale contact.

301.5 GRANITE PORPHYRY 
(Stn approx. 13+00 to 15+20: Drillholes GST8, GST6)
(Stn approx. 26+20 to 37+30: Drillholes GST1, G8T23, GST9,

G8T22, GST24)



3.1.5.1 Engineering properties of the rock substance

Sample
location

UCS (MPa)

,

Point load strength (MPa)

Mean
hardness
(Shore
units)

No. of
samples

Range Average Samples
successfully
tested

Is(50) UCS
equivalent

Range Average

G8T23

GST9

GST24

3

3

2

188-263

125-237

178-201

232

177

190

'
10

7

11

5.8-9.7

5.5-10.1

2.4-8.4

8.4

7.6

5.6

200

180

130

98

93

85
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3.1.5.2 Geological properties of the rock mass at tunnel level 

Weathering. These sections of the tunnel will be
excavated through fresh granite porphyry.

Seismic velocities. Bedrock velocities range from 2000
to 5800 m/sec, but along most of the section range from 4000 to
5000 m/sec. Narrow sections with velocities less than 3000 m/sec,
mainly between stns 30+50 and 32+00, coincide with three sets of
intersecting photo-lineaments (Plates 4 and 7). These probably
represent zones of sheared and fractured rock.

Defects. Most of the rock mass will be tight. Joints
are generally spaced 0.3 m to 1 m and often wider. Along most of
the section, joints will be tight and often cemented with cal-
cite. There will be some sections where joints are open and not
cemented. Photo-lineaments and seismic profile indicate that
some fractured and/or sheared and crushed zones can be expected.
Most of these will be less than 20 m wide.

3.1.5.3 Groundwater inflows 

The water-table is generally 30 to 40 m above tunnel
crown. Most of these sections of tunnel will be dry to damp.
Most open joints and fractured zones will 3seep or drip, but some
9y produce initial inflows less than 3 m /hr; flows up to 10
m /hr are possible.

3.1.5.4 Excavation properties 

Effect of engineering properties. UCS values are about
the same as for the dacite from the upper part of the Walker
Volcanics; Shore hardness values of the granite are slightly
higher. Unlike the dacites, the granite porphyry does not have
the fine-grained siliceous groundmass which is considered respon-
sible for the high wear rate of the drill steels. Balancing
these factors it is considered that drill penetration and wear
rate will be about the same as for the dacite from the upper part
of the Walker Volcanics.

Effect of geological properties of the rock mass.
Slightly more explosives may be needed in the granite porphyry
than in the dacite from the upper part of the Walker Volcanics
because the granite is more widely and tightly jointed.

About 10 percent of the granite porphyry will need
steel-set support, and probably most will be confined to individ-
ual sections 6 to 20 m long between stns 30+50 and 32+00.
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Along most of this section a good tunnel profile could
be produced with overbreak generally less than 30 cm beyond the
C- line. Where joints are open, blocky conditions may result
with generally less than 60 cm of overbreak. Overbreak in
sheared or fractured rock will generally be less than 1 m but
may be greater than 1 m (rare).

Effect of groundwater inflows. No major groundwater
inflows that could significantly slow excavation are expected.

Combined effects of all parameters:

(a) Excavation rate is expected to be the same as for the
dacite in the upper part of the Walker Volcanics.

(b) Drill penetration and wear rate is expected to be
similar to the dacite in the upper part of the Walker
Volcanics.

(c) Rock condition will be mainly 2 to^with some 4.

(d) About 10 percent of this section is expected to require
steel-set support.

(e) Overbreak is expected to be minor over most of this
section, resulting in a good tunnel profile.

(f) No groundwater inflows that could significantly slow
excavation progress are expected.

3.1.5.5 Contact, fault 2, stn 13+00 approx.

Fault 2 crosses the tunnel line at about 90 0 . The
exact width, orientation, and condition of the faulted contact is
not known. Core recovered from drill holes GST 6 and GST 8 was
generally closely jointed, fractured, and sheared. It appears as
if fault 2 is comprised of several sheared and fractured zones,
separated by zones of harder, less weathered and fractured rock,
but nevertheless rock that would require support. Information
available suggests that the faulted contact could extend for up
to 100 m along tunnel line (stn 13+00 to 14+00) and probably all
of this would require steel-set support. Moderate initial water
inflows can also be expected (heavy limonite staining of frac-
tures was observed in the core recovered from GST 6 and GST 8).
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3.1.6 WILLOW BRIDGE TUFF; STN 1+70 TO 134-00 1ARILLHOLES 05T5, GST 3, GST4, GST2) 

3.1.6.1  Engineering properties of the rock substance 

Sample
location

UCS (MPa) Point load Strength (MPa)

Mean
hardness
(Shore
units)

No. of
samples

Range Average Samples
successfully
tested

Is(50) UCS
equiv.

Range Average

GST5 3 185-291 245 16 8.7-15.7 11.2 270 100

GST3 2 294-492 393 10 9.5-15.4 12.1 290 102

GST4 2 173-273 223 10 5.8-8.8 7.4 180 98
•

GST2 - - - 21 9.0-11.3 9.9 240 -

Locality
J1 - - - 10 8.6-16.5 12.6 300 -

Locality
Kl - - - 10 11.0-14.0 12.9 310 -

Locality
K2 - - - 10 10.0-13.5 12.0 290 -

Locality
K3 - - - 6 10,0-16.0 12.3 300 -

ca
l
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3.1.6.2 Geological properties of the rock mass at tunnel level 

Weathering. Most of this section is expected to be
tunnelled through fresh dacites. The seismic profile (Plate 6)
suggests that the zone of weathering may extend down to near
tunnel level from stn 8+00 to 9+00; however the correlation of
seismic results with drill core indicates that the seismic inter-
pretation may have placed the refractor too deep; if this is so,
then the rock at tunnel level will be fresh.

Seismic velocities. Bedrock velocities of 4500-5600
m/sec were recorded for most of this section. Velocities down to
2600 m/sec were recorded between 10+10 and 11+30. The lower
velocities probably indicate the presence of zones of fractured
and/or sheared and crushed rock.

Defects. Drill holes GST3 and GST5 and the bedrock
velocities of 4500-5600 m/sec indicate that the rock mass along
most of this section of tunnel will be very tight; joints are
expected to be spaced greater than 1 m and tightly closed or
cemented with calcite.

Drill holes GST2 and GST4 revealed that in some sections
the joint spacing is commonly 10-30 cm, and in some places the
rock mass is fractured. Calcite and epidote veins are prolific;
as they generally broke during investigation drilling, they would
probably break when blasted.

No major faulted zones were detected during investiga-
tion drilling, but the seismic and photo lineaments (Plates 2 and
3) indicate that some narrow zones of very closely jointed and/or
sheared and crushed rock will probably be intersected. They are
expected to be generally less than 5 m wide, but a few may be up
to 20 m wide. These zones will have various orientations but the
most common ones will probably be near-vertical and strike 8ara-
11e; to the two major photo-lineament directions, i.e., 055 and
145 .

In places there may be joints or narrow sheared and
fractured zones parallel to bedding (35 °SW/135° ).

3.1.6.3 Groundwater inflows 

The water-table is about 20-30 m above tunnel level.
Water-pressure test losses in drill hole GST3 were zero, and in
GST4 and GST5 the results were unreliable. The permeability of
most of the rock mass is low.
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3.1.6.4 Excavation properties 

Effect of engineering properties. This is the hardest
and strongest rock type that will be encountered. UCS values
range up to 492 MPa and average about 290 MPa. During investiga-
tion drilling wear rate of diamond-drill bits was extremely high
(some lasting for only 45 cm), and drill penetration extremely
slow (1i hours to drill 70 cm with a new diamond bit). During
excavation, drill penetration is expected to be extremely slow,
drill wear rate very high, and explosive quantities per cubic
metre of rock removed also very high.

Effect of geological properties of the rock mass. The
rock hardness and strength and the wide spacing and tightness of
joints will require the use of larger quantities of explosive to
fragment the rock satisfactorily.

The photo lineaments (Plates 2 & 3) indicate that most
of the sheared and fractured zones and the major jRints will be
vertical and will intersect the tunnel at about 45` j . These
defects should not require support except for a few that may be
more than 3 m wide. About 10 percent of this section is expected
to need steel-set support, and this will be mainly in fractured
and sheared zones from 6 to 20 m wide.

Joints and fractured zones parallel to bedding, dip
with tunnel drive and should not cause much overbreak or require
support.

Along most of this section a good tunnel profile could
be produced with overbreak generally less than 30 cm. Where
joints are open, blocky conditions may result with generally less
than 60 cm of overbreak. Overbreak is sheared, and fractured
rock will generally be less than 1 m, but may be greater than 1 m
(rare) where clay-coated defects are unfavourably oriented.

Effect of groundwater inflows. Most of this section
will be dry to damp, with seepages and drips in places. Some
open joints and frictured zones will yield initi51 inflows gener-
ally less than 3 m /hr. Flows in excess of 10 m /hr are possible
but unlikely.

Combined effects of all parameters:

(a) Excavation rate is expected to be slow.

(b) Drill penetration will be slow and drill wear rate high.

(c) Explosive quantities will be high.

(d) Rock condition will be mainly 2 to 3, with some 4.
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(e) About 10 percent of this section is expected to need
steel-set support.

(f) Overbreak is expected to be minor over most oX this
section, resulting in good tunnel profile.

(g) No groundwater inflows that could significantly slow
excavation progress are expected.

3.2 PORTALS

3.2.1 WINDOW BEND, NORTH PORTAL: STN 47+40. DRILL HOLE GST 17

3.2.1.1 Suggested portal position 

Stn 47+40: this location would avoid the main fault
zone of fault 4, which intersects tunnel line between stn 47+60
and stn 47+450

3.2.1.2 Conditions at portal face 

Fresh to fresh stained closely jointed (10-20 cm) and
loose green rhyolite will occur from invert to about 3 m above
portal crown, and grade into loose variably weathered rock and
rubble towards the ground surface, which is 11 m above portal
crown. The rock face above portal crown will need to be battered
and stabilized with rockbolts and mesh.

In the tunnel, closely jointed and loose ground requir-
ing discontinuous sections of steel-set support with timber
lagging can be expected to stn 46+00.

3.2.1.3 Conditions of open cut 

The open cut will be in water-saturated loose scree and
slopewash overlying fractured and sheared rock; heavy clay will
occur in the central section of the fault zone. A low batter
slope will be required to restrict slumping especially on the
eastern wall of the open cut.

3.2.1.4 Groundwater inflows 

Near the portal and for he first 100 m of tunnel,
water inflows initially up o 20 m /hour during excavation, but
decreasing to less than 3 m /hour within a few weeks, can be
expected.
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3.2,2 WINDOW BEND, SOUTH PORTAL: STN 48+90, DRILLHOLE GST 18 

3.2.2.1 Suggested portal position 

Stn 48+90

3.2.2.2 Conditions in the open cut 

Rock conditions in the open cut should be similar to
those in the existing open cut at Pine Ridge west portal if
similar excavation procedures are used. Mapping, seismic results,
and diamond drilling indicate that there is about 3 m of highly
weathered dacite overlying moderately to slightly weathered
dacite.

The rock mass is closely jointed. Many joints are
coated with 1-10 mm of clay. Some crushed seams and/or weathered
seams up to 20 cm thi8k are sxpected. The most prominent joint
direction is 20°S/110 - 130 (spaced 10-30 ems), which is a
favourable orientation for stability in the portal face and the
walls of the open cut, but there are probably other joint orien-
tations (spaced generally > 30 cm) that may produce a few unstable
blocks of rock; these may need to be bolted or barred down.
With the exception of the few unstable blocks mentioned above,
near-vertical slopes should be stable in moderately weathered
rock below about 4 m if the cut is carefully pre-split.

3.2.2.3 Conditions at the portal 

At stn 48+90, the tunnel crown is about 9 m below the
surface. The portal will be in moderately to slightly weathered
closely jointed dacite with defects as described above.

Rockbolts and mesh will probably be required to stabil-
ize the face above the portal.

In the tunnel, blocky and seamy ground requiring dis-
continuous sections of steel support with timber lagging can be
expected to about stn 49+90.

3.2.2.4 Groundwater inflows 

Only minor seepages of groundwater are expected in the
open cut and portal areas.

3.2.3 SOUTH PORTAL (LMWQCC): STN 57+55. DRILL HOLE MV7

3.2.3.1 Suggested portal position 

Stn 57+55. On geological grounds there is no reason to
shift the location of the portal face inwards (northwards) from
the existing northeast side of the access road-cut to Pine Ridge
tunnel.
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3.2.3.2 Conditions in the open cut 

If the portal is at stn 57+55 then the only open-cut
excavation necessary will be deepening of the existing Pine Ridge
access road down to invert level, and removal of rock between the
portal and the connection to the LMWQCC.

In the area of the portal the existing cut shows about
2.5 m of extremely to highly weathered dacite overlying moderately
to slightly weathered dacite.

There are four prominent sets of continuous joints
commonly coated with 1-20 mm of clay:

1.

2.

60°- 70°SW/110°-130°
80°-90°S/065°-085°

spaced up to 4 m
ti^ It

3. 60°W/015°-045° It^ I t

4. 20°N/070 (bedding) It 0.3-0.6 m.

Stability of the portal face and northeast wall of the
open cut will be affected by Set A which dips out of the rock
face. A batter slope of about 60`' and some rockbolts will prob-
ably be required to stabilize the face. •

If the open cut is extended north of stn 57+55 along
tunnel line, then joint sets 2, 3, and 4 may cause failure of
blocks of rock on the resulting southeast wall of the cut unless
the slope is battered or stabilized with rockbolts.

3.2.3.3 Conditions at the portal 

At stn 57+55 the tunnel crown is about 11 m below the
natural surface. The port al will be in slightly weathered to
fresh dacite with defects as described above. Rockbolting of the
portal face in a direction normal to joint set 1 should provide a
stable portal. Steel mesh may be required above the portal to
stabilize any loose rubble

In the tunnel the four joint sets will intersect to
form blocks that may fall out of the crown and walls. Steel sets
will be required near the portal. Northwards beyond the steel
sets , rockbolts will probably be needed to secure some blocks
from falling out.

3.2.3.4 Groundwater inflows 

Only minor seepages or very small inflows are expected
from the portal face and the first 50 m of tunnel.
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3,3 SHAFTS

3.3.1 SHAFT C: STN 2+90 (DRILL HOLE GST5, FIGURE 4)

3.3.1.1 Geology 

4.5 m of sandy clay fill and extremely weathered rock
(to RL 553) overlies moderately weathered to fresh-stained dacite
with some highly weathered seams to RL 549. Below RL 549 the
rock is mainly fresh-stained light to dark grey welded dacite
(Willow Bridge Tuff).

3.3.1.2 Excavation conditions 

Excavation by mechanical shovel without preblasting
should be possible to RL 552; if any fresh boulders are encount-
ered they may need to be blasted.

Below RL 553 the rock is hard and strong. UCS values
obtained from GST5 core averaged 245 MPa (range 185 to 291 MPa).
UCS values up to 492 MPa have been recorded in the same rock type
from nearby drill holes. Average hardness is 100 Shore units.
During investigation diamond drilling, drill penetration in the
fresh dacite was very slow and drill bit wear rate very high. The
same is expected with construction drilling. Explosive quantities
will need to be high to fragment the rock satisfactorily.

Minor inflows can be expected below about RL 552, but
will rapidly decrease to drips or seepage (which may incregse
after heavy rain). Below about RL 549, inflows up to 10 m"/hr
are possible but will decrease fairly rapidly. Some minor
inflows near invert may persist but will not be large enough to
significantly slow construction.

3.3.1.3 Shaft support 

Above RL 553 vertical slopes will need steel-ring
support. Between RL 553 and RL 546, some steel-ring support may
be required but rockbolts and mesh may be adequate to hold blocks
formed by unfavourably oriented joints (possibly dipping at 30 0
and 60° ). Below RL 549, support should not be required although
any unstable blocks will require pinning with rock bolts.

3.3.2 SHAFT 1: STN 4+98.7 (DRILL HOLE GS113, FIGURE 5)

3.3.2.1 Geology 

This shaft will be excavated in light grey dacite,
which is extremely weathered to RL 537, Below RL 537 the dacite
is mainly fresh. For engineering properties of the rock substance
see section 3.1.6.1.
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3,3.2.2 Excavation conditions 

The rock mass is very hard and strong below RL 537,
with UCS up to 490 MPa; no prominent defects that would cause
excessive overbreak or shaft instability are known to occur.

Above RL 537 the extremely weathered dacite is soft and
weak, and water inflows or seepages could result in slumping of
the shaft walls unless quickly supported. The rock in this
section of shaft would be soft enough to be excavated by a large
backhoe.

Some groundwater inflow or seepage can be expected from
the sharp contact between weathered and fresh dacite at RL 537.
This section may need to be panned before the concrete lining is
laid. Groundwater seepage may occur elsewhere from open joints
or weathered seams.

3.3.2.3 Shaft support 

Steel rings and complete timber lagging will be required
from base of top structure to RL 537, Below RL 537, support will
not be required unless any steeply dipping seams occur; rockbolts
would provide adequate support.

3.3.3  SHAFT 2: STN 17+12.3 (DRILL HOLE GST7, FIGURE 6

3.3.3.1 Geology 

The shaft will be excavated through dacite (60%),
shale (30%) and sandstone (10%). About 3 m of clayey soil over-
lies weathered shale bedrock.

3.3.3.2 Excavation conditions 

Shale and sandstone. Bedding planes - the main defects
- are nearly horizontal, and little overbreak or instability is
expected to result from them. However, where the bedding planes
are cut by prominent joints dipping into the shaft, some instab-
ility will result; rockbolts may be required to pin back loose
blocks.

Dacite. Joints in the dacite are generally tight, and
little overbreak or instability is expected.

Minor initial groundwater inflows may occur above about
RL 550, but the shaft is expected to be generally dry. Panning
groundwater inflows or seepages before concrete is laid may be
necessary in places, although this is unlikely.
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3.3.3.3 Shaft support 

Steel-ring support (spaced 1 in to 1.5 m) with timber
lagging is expected from base of top structure to about RL 552 in
(10 in below ground surface) and possibly to 548 m. Poorly orien-
ted joints producing unstable blocks of rock may need to be
pinned with rockbolts.

30304 SHAFT 3: STN 33+15 (DRILL HOLE GST 9, FIGURE 7)

3.3.4.1 Geology 

The shaft will be excavated through granite porphyry;
2.5 in of soil and slopewash overlies weathered bedrock. The
granite is fresh below RL 550 (14 m below ground surface).

3.3.4.2 Excavation conditions 

The rock mass is soft and weak to RL 550. The shaft
walls may become unstable in areas of groundwater seepage and
along unfavourably oriented joints or clay seams. The rock is
expected to become progressively harder and stronger below about
RL 553.

Below about RL 550 the granite is essentially fresh and
the contact with the weathered rock above is sharp. Shaft stab-
ility in the fresh granite will depend on the orientation and
frequency of clay-coated joints and seams; no major defects are
known to occur and no major wall instability is therefore
expected. Overbreak is expected to be negligible in fresh rock.

The shaft will be damp below about RL 5530 Any water
inflow will be small and will be mainly confined to the weather-
ing contact at RL 550. Panning water inflows or seepages before
concrete is laid may only be necessary near RL 550. Water inflows
through contraction cracks in the concrete lining should be con-
fined to the crack closest to RL 550.

3.3.4.3 Shaft support 

Steel-ring support will be required from base of top
structure to about RL 551 (11 m). Support is not expected to be
required below RL 551; however, if any unfavourably oriented .
defect occurs, rockbolts may be required to pin back the defect.
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34 CONNECTION, SHAFT 1 TO EXISTING BELCONNEN TRUNK SEWER

3.4.1 OPEN-CUT EXCAVATION: STN 0+79 TO 2+90 (SHAFT C) 

400-1100 m/sec material (probably extremely to highly
weathered dacite) extends from the surface to below the bottom of
the excavation along most this section; this can probably be
excavated by a large backhoe without preblasting. However, the
seismic profile indicates that 1500 m/sec material (probably
moderately weathered dacite) extends above invert between stn 1+90
and 2+40, and some blasting or jack-picking will be necessary.
Boulders of fresh dacite (generally less than 1 m but up to 3 m
in diameter) surrounded by extremely weathered dacite occur in
the area; if encountered in the trench they may have to be
blasted or jack-picked.

Groundwater inflows. No water inflows are expected.

3.4.2 TUNNEL: STN 2+90 (SHAFT C) TO AT LEAST STN 3+30 

At stn 3+30 the tunnel crown is 16 m below ground sur-
face. From stn 2+90 to at least stn 3+30 the rock at tunnel
level is expected to be slightly weathered to fresh stained
welded dacite. It is extremely strong (UCS ay. 290 MPa)* and
very hard to drill (abrasive and resistant to penetration).

The rock mass is expected toobe strong and fairly
tight. Joints mostly dipping about 30 and generally spaced 0.3
m to 1 m are rough and tight, and sometimes with up to 5 mm of
flaky pink calcite cement (weak). The refractor between the 800
m/sec and 4700 m/sec layers (probably extremely to highly
weathered and slightly weathered to fresh dacite respectively) is
shown (Plate 6) to cross the tunnel at stn 3+30. However seismic-
drill hole correlations (see Plates 6-8) show that the seismic
interpretation may have placed the refractor too deep; if this
is so the tunnel could be continued in hard rock (4700 m/sec)
beyond stn 3+30.

Support. Steel-set support will probably be needed
from the selected portal to stn 3+20.

Groundwater inflows. Water-pressure tests in drill
hole GST 5 showed large water losses, but results are thought to
be unreliable. There are probably some open joints and weathqred
seams, but any water inflows are expected to be less than 5 e/hr
and of short duration.

* An approximate value obtained from 9 UCS tests and Point Load
tests on rock from drill holes GST 3, 4, and 5, and from Point
Load tests on cubes from surface outcrops. Maximum value was
UCS 492 MPa from GST 3. See Appendix 4 for results.
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3.4.3 OPEN CUT OR TUNNEL: STN 3+30 TO 4+38 

The contractor has the option whether to open-cut or
tunnel this section.

The seismic profile shows that 800 to 1200 m/sec
material (probably extremely to moderately weathered dacite)
extends from the surface to below invert level in this section,
1However, as noted previously, the bedrock refractor may be
shallower than this interpretation shows.

Excavation Alternative. The excavation will be at
least 9 m and up to 18 m deep depending on the position of the
tunnel portal. Most of the excavation will be in extremely to
highly weathered dacite which can be excavated by bulldozer and
ripper without blasting. If the bedrock refractor is shallower
than shown in Plate 6, then some blasting will be needed in the
bottom of the trench along at least part of this section. There
may be some large boulders of fresh dacite sitting in extremely
weathered dacite; these may need to be blasted. The excavation
will need to be battered or shored to prevent collapse.

Tunnelling Alternative. The portal crown will be at
least 7 m (at stn 4+38) and up to 16 m (at stn 3+30) below the
surface. This section of the tunnel will be mainly in extremely
to moderately weathered rock. There may be some slightly weath-
ered to fresh rock encountered if the bedrock refractor is
shallower than shown in Plate 60 Steel-set support with timber
lagging will be required throughout. Any areas of saturated
extremely weathered rock will need continuous timber lagging.

Groundwater inflows, Some water is expected to drain
into the tunnel or open cut through open joints and/or weathered
seams and especially from the interface between extremely
weathered and fresh rock. If any open joints are connected to
Ginninderra Creek, these inflows could become large especially if
'piping' has developed in the extremely weathered dacite.

3.4.4 OPEN CUT EXCAVATION: STN 4+38 TO 4+99 

Plate 6 shows that material of up to 1200 m/sec velocity
(probably extremely to moderately weathered dacite) extends from
the surface to invert level. However, drill hole GST 3 entered
fresh rock 1 m above invert level, which suggests that the
refractor is shallower than marked on the profile.

Most of the rock can probably be excavated by bulldozer
with ripper, but some blasting will be necessary near invert.

Battered or supported slopes will be necessary.

Groundwater inflows. As for stn 3+30 to 4+38.
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4, CONCLUSIONS AND RECOMMENDATIONS 

4.1 CONCLUSIONS 

1.^Geologically, construction of the tunnel is feasible.

2,^The tunnel will be driven through dacite, rhyodacite,i
and rhyolite units (67%), granite porphyry (25%) and
tuffaceous sediments (8%). (Percentages are approxim-
ate.)

3.^Most of the rock excavated will be fresh. Weathered
rock will occur at portals, top sections of shafts,
most of the section connecting this tunnel to the
existing Belconnel Trunk sewer (stn 0+79 to stn 5+00)
and in wide defect (faults, etc.) zones.

4,^Unconfined compressive strengths for the acid volcanic
units mostly range from 200 to 300 MPa (but up to 400
MPa); granite about 200 MPa; and shales 145 MPa.
Shore hardness values were between 70 and 100 (average
about 90) for the acid volcanics and the granite; value
for the shale was about 68.

5. The contact between different rock types is generally a
defect zone. Deterioration in rock condition, increased
water inflows, overbreak and support requirements can
generally be expected.

6. Five major faults have been detected and many small
fractured or sheared zones are indicated by airphoto-
lineaments and zones of low seismic velocity. Four of
the major faults occur between stns, 40+00 and 48+00,
and generally poor tunnelling conditions are expected
in this section.

7. All rock units along the route are jointed. Joint
spacing will generally be in the range 0.3 to 1 m.

8. Overbreak will generally be less than 50 cm beyond
C-line, although overbreak in excess of 1 m can be
expected in and near some wide defect zones or in
blocky and seamy ground.

9.^Tunnelling condition will generally be very good in the
dacites of the Walker Volcanics, granite porphyry,
tuffaceous sediments, and the Willow Bridge Tuff. Just
north of the Window Bend area (stn 40+00 to 44+00), the
green rhyolite, purple rhyodacite, and that section of
dacite of the Walker Volcanics, will generally yield
poor tunnelling conditions, mainly because several major
fault zones are present.
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10. From the outlet portal (stn 57+88) to shaft 1 (stn
5+00), about 16 percent of the tunnel (850 m) will need
to be supported with steel sets and timber lagging
during construction (see also 'Recommendations').

11. No large underground cavities containing large Quanti-
ties of groundwater are expected in the area. Water
inflgws ranging from seepage to inflows not exceeding
20 m /13r can be expected. Very few inflows in excess
o 5 m /hr are expected and most will be less than 1
m /hr; most will be reduced to dripping a few weeks
after excavation. Some water will continue to enter
the tunnel from open defects mostly near invert level.
In areas of shallow cover some defects will seep or
drip again after heavy rain.

12. An earthquake producing measurable displacement at the
ground surface is unlikely, Seismic risk to the
tunnel, its lining, shafts, or other appurtenant works
is low.

13. Owing to the variability of the rock units encountered,
the extreme strength and hardness of the rock material,
and the presence of at least five major fault zones,
the use of a tunnel boring machine is not considered
practical.

14. At Window Bend, the north portal open cut will be
located in fault zone material, soil, and slopewash;
the portal face will be in loose green rhyolite. The
south portal at Window Bend and the south portal
(LMWQCC) will be located in generally sound rock with
no known major defects.

15. No known major defects occur at any of the shaft sites.
Shafts 1 and C will be located in dacite, shaft 2 in
interbedded sediments and dacite, and shaft 3 in granite
porphyry.

16. The open-cut excavation, stns 0+79 to 2+90 (shaft C),
will mostly be in extremely to highly weathered dacite.

17. The tunnel section between stns 2+90 and 3+30 will
probably not need steel-set support.

18.^The section from stn 3+30 to 5+00 will be located
mainly in extremely weathered to moderately weathered
dacite, although fresh rock may occur between invert
and springline in some places.
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4.2 RECOMMENDATIONS

1,^A permanent drain should be installed at Window Bend
north portal near tunnel invert. (The purpose of this
drain is to release groundwater from the highly per-
meable open jointed green rhyolite that occurs behind
fault 4, which acts as an impermeable groundwater
barrier. Drill hole GST 17 penetrated the green rhyo-
lite behind the fault zone and is flowing at a constant
rate of 1200 to 1400 1/hr.)

2. Total groundwater outflows from the tunnel (and shafts)
should be measured accurately, using appropriate auto-
matic recorders, and an accurate record should be kept
of all groundwater inflows into the tunnel, including
initial inflow quantity, location of flow and duration.
(Such records will help in locating areas requiring
panning before concrete is laid.)

3. Greater use of rockbolts (instead of steel sets) should
be made, particularly in blocky ground or slabby ground
associated with shallow dipping sediments.

4,^The lining of invert and walls up to only maximum design
flow should be considered for sestions of tunnel where
the standard (specified full 360 ) concrete lining
could be dispensed with. The sections for consideration
are:

(a) Essentially self-supporting and free of steel-set
support, but including areas of rockbolt, gunite, or
shotcrete support. (Narrow sections, such as fault
zones, within essentially self-supporting sections may
require steel support and full lining, but these cannot
be predicted accurately.)

(b) Essentially dry sections of tunnel that never
produced water inflows even when first excavated.
(Narrow sections,
cribed above,
inflows to an

Tunnel Sections

such
may need
acceptable

as narrow faults,^etc.,^as des-
to be grouted to reduce water

level.)

Length (m)

Stn 5+00 to^8+00 300

Stn 9+00 to 10+00 100

Stn 10+30 to 13+00 270

Stn 14+00 to 25+60 1160

Stn 26+50 to 42+30 1580

Stn 50+00 to 57+00 700

TOTAL 4110 (80% of tunnel between
5+00 and 57+88)
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APPENDIX 1 

INVESTIGATION METHODS

Correlation with Pine Ridge tunnel 

The information obtained during construction of the
nearby Pine Ridge tunnel has been used as an aid in assessing
conditions in the GST. Pine Ridge tunnel and its portals were
photographed and geologically mapped at a scale of 1:240;
geochemical, petrographic, and water samples were collected and
tested, and the results studied; groundwater inflows were
measured; observation bores monitored; overbreak calculated
from concrete quantities; explosive quantities, drilling
pattern, advance rate, support, and overbreak were correlated;
and all the results were correlated with the predictions made
from mapping, seismic refraction profiling, and diamond drilling
during the design investigation for that tunnel.

Airphoto-interpretation 

Airphoto-interpretation of photos taken from 760 m
(1968 black and white), 427 m (1968 colour), and 214 m (1973
colour) was done by P. Lang throughout the investigations.

Geological mapping

Geological mapping at a scale of 1:2400 and 1:9600 was
carried out by P. Lang and field hand D. Broome between April
1974 and September 1975. The maps were reduced to 1:2500 and
1:10 000 respectively, and metric coordinates added (see Plates 1
to 5).

Geophysical methods 

A continuous seismic refraction profile was obtained by
the BMR Engineering Geophysics Group (Taylor, 1975) along most of
the route from stn 00+50 (on the preliminary tunnel line) to stn
55+20. The traverse consisted of 53 spreads, and fieldwork was
done in November and December 1974.

The following sections were omitted:

(a) from stn 18+20 to stn 24+20 (Belconnen Electricity
substation)

(b) from stn 41+60 to stn 42+30

(c) from stn 47+70 to stn 47+95

(d) stn 55+20 to stn 57+88 because of its proximity to the
Pine Ridge tunnel operations.



-55-

During March 1975, eight additional traverses were done
to investigate the altered route at the north end (stn 4+99 to
stn 17+12), the connection from shaft 1 to the existing Belconnen
trunk sewer (stn 0+79 to stn 4+99), and to further investigate
the faulted zone from stn 40+00 to stn 45+00.

Each spread was 88 in long, with 23 geophones spaced 4 m
and with a reciprocal geophone 60 m from each end of the spread.
Five shots were fired for each spread at -

geophone 1

geophone 1

geophone 12

geophone 23

geophone 23

-60 m

- 2 m

+ 2m

+ 2 m

+60 m

Time-distance curves were made available at BMR for inspection by
Tenderers.

Drilling

From April to October 1975, 15 diamond-drill holes
totalling 665 m were drilled by DHC using three drill rigs. NMLC
triple-tube core barrels with split inner tube were used. Water-
pressure testing was done on each hole. Geological logs of drill
core showing water-pressure testing results are in Appendix
Water-pressure test computation sheets are available at BMR for
inspection by Tenderers.

From December 1974 to October 1975, nine 125 mm dia-
meter observation bores were drilled by BMR. The holes were
partly cored but were not water-pressure tested. Geological logs
of drill core are in Appendix 8.

Locations of drill holes are plotted in Plates 1 to 5,
and summary logs are plotted on the profiles (Plates 6 to 8).

Drill core is stored at the Department of Construction
Core Shed at Kingston, A.C.T. Photographs of the drillcore com-
prise Appendix 7.

Rock testing

Several mechanical rock parameters were determined by
BMR. Point load induced tensile strength tests were carried out
on rock samples collected from surface outcrops at seven localit-
ies (see Plates 2 and 3 for sample locations), and from 35
localities in Pine Ridge tunnel within 1800 in of the west portal.
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The parameters measured on drill core were uniaxial
compressive strength, specific gravity, modulus of elasticity,
Poisson's ratio, Shore hardness, compressional velocity, and
point load induced tensile strength. Detailed results are in
Appendix 4.

Petrology

Petrographic descriptions and chemical analyses were
done on rocks from drill core and surface outcrops (see Appendix
5 ).

Water analyses 

Water samples from drill holes and from Pine Ridge
tunnel were analysed for components aggressive to concrete lining
(see Appendix 6).
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APPENDIX 2 

GLOSSARY OF TERMS 

ROCK CONDITION NUMBERS 

1. Descriptions of the Rock Condition Numbers (RCN)
have been modified here by one of us (D.C.P.) after Terzaghi
(1946) and Deere, Merritt, & Coon (1969) to suite geological
conditions actually encountered in tunnelling operations carried
out in the A.C.T. since 1971. To date these tunnels have passed
mainly through acid volcanics and sedimentary rocks derived from
them.

2. The predicted support requirements for each RCN
should only be used as a guide, as very narrow but poorly
oriented defects in an otherwise long section of competent rock
(e.g., RCN 2) may require 2 or 3 steel sets or a few rockbolts
for stabilization. The predictions of support assume an excavat-
ed tunnel diameter of up to 4 m.

3. It should also be noted that RCN 7 and 8 have not
been recorded to date in the A.C.T.

ROCK CONDITION

NUMBER 

DESCRIPTION OF THE ROCK MASS 

1. HARD INTACT ROCK: Rock massive, very hard and very
strong, with no significant joints or other defects.
Breaks across sound rock when blasted. No support
necessary.

2. HARD WIDELY JOINTED ROCK: As above, but may be
foliated or bedded with a fairly high resistance to
separation of surfaces. Prominent continuous joints
spaced 1-3 m are tight; joints usually not continuous
for more than a few metres. No support required.

3.^MASSIVE.) MODERATELY JOINTED: Rock mostly hard and
strong. Continuous joints generally spaced 0.5 m - 1 m
are usually fairly tight, but some water seepage along
joints may occur. Rock may be partly blocky in places,
and generally breaks along joint surfaces when blasted.
Steel or rockbolt supports generally not required in 3
m diameter tunnel; in a 4 m tunnel, some rockbolts may
be required where blocky or poorly oriented defects
cross the tunnel.
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4.^MASSIVE, MODERATELY JOINTED, SEAMY: As above but
defect surfaces generally clay-coated and loose. Clay
seams and sheared or fractured rock with clay common.
Rock may be moderately weathered or altered and soft in
parts. Steel-set support (1-1.3 m spacing) sometimes
required in tunnels up to 3 m diameter; more often in
4 m tunnel. Rockbolts may be preferable in places.

50^CLOSELY JOINTED AND SEAMY: Closely jointed, seamy,
and fractured rock; joints and fractures are loose and
open (where not clay-filled), and may result in large
water inflows into the excavation; includes highly and
extremely weathered (or altered) rock. May exert con-
siderable weight on steel-set supports; steel supports
spaced at 1 m (or less) with heavy timber lagging.
Rockbolts not usually effective.

6. SEAMY AND CRUSHED ROCK: Includes unconsolidated sand,
slopewash, etc. Refers to fault zone material (gouge)
or shattered rock where clay and gravel sized fragments
makes up the greater percentage of the material mass.
If water content is high, these materials may run or
flow and exert significant side pressures. Stand-up
time near zero. Rockbolting not effective. Steel sets
<0.5 in centres, invert struts, and possibly linear
plates. Shotcrete or gunite often effective in con-
taining running ground.

7. SQUEEZING GROUND: Slow movement of rock into the
tunnel without perceptible volume increase (rock with
clay minerals with low swelling characteristics).

8.^SWELLING GROUND: Material expands in volume upon
exposure to water (e.g. montmorillonite clay, serpen-
tinite, anhydrite, etc.).

DEGREES OF ROCK WEATHERING

FRESH^ : No discolouration or loss in strength.

FRESH STAINED

SLIGHTLY WEATHERED

: Limonitic staining along fractures; rock
otherwise fresh and shows no loss of
strength.

: Rock is slightly discoloured, but not
noticeably lower in strength than the
fresh rock.

MODERATELY WEATHERED : Rock is discoloured and noticeably weak-
ened; N-size (54 mm) drill core generally
cannot be broken by hand across the rock
fabric.
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HIGHLY WEATHERED
^: Rock is discoloured and weakened; N-size

(54 mm) drill can generally be broken by
hand across the rock fabric.

EXTREMELY WEATHERED^: Rock is decomposed to soil, but the
original rock fabric is mostly preserved.

ROCK SUBSTANCE 

This is defined as intact, effectively (for engineering
purposes) homogenous rock. Repeated mechanical tests on the
material would give acceptable coefficients of variations (e.g.,
uniform results).

ROCK MASS

Rock mass is a body of material which is not effectively
homogenous, that is, the rock substance is crossed by natural
defects such as joints, faults, seams etc.

SHEARED ROCK

Consists of rock intersected by close (<1 cm), slightly
curving intersecting fracture planes; the fracture surface may
be smooth, polished, slickensided, or coated with clay.

CRUSHED ROCK

Consists of rock which is mechanically disintegrated
but not obviously chemically decomposed.

FRACTURED ROCK

Consists of rock which is intensively jointed in
several directions. Fracture surfaces are often clay-coated.

FAULTED ROCK

Faults can be sheared, crushed, or fractured rock, and
where relative displacement of rock can be seen. Unless evidence
for faulting is quite definite the term should not be used.

JOINT SPACING

Very close - joints spaced <5 cm

Close^- joints spaced 5 cm to 30 cm

Moderately close - joints spaced 30 cm to 1 m

Wide^- joints spaced 1 m to 3 m

Very wide - joints spaced >3 m
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JOINT APERTURE 

This describes the amount of separation of the joint
surfaces. Joints may be open or tight. If two joint faces fit
perfectly it is probable that the joint in the rock mass was
tight (or closed). However, if they do not fit it probably means
that the joint was open; or possibly filled with clay that has
been washed away during drilling.

BEDDING

Laminated^- < 10 mm thick

Thinly bedded^10 mm to 100 mm thick

Thickly bedded^- '0 100 mm thick

GRAINSIZE

Coarse-grained^1 mm to 4 mm in diameter

Medium-grained^mm to 1 mm in diameter

Fine-grained^ mm in diameter.

ROCK QUALITY DESIGNATION (RQD) 

RQD is the ratio (expressed as a percentage) of length
of core recovered to the total length of core run, counting only
those pieces of hard aftd sound rock 10 cm in length or longer.
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APPENDIX 3 

DRILL HOLE WATER-PRESSURE TESTS 

Water-pressure tests were carried out on NMLC diamond-
drill holes along the route, Standard test procedures were used

Permeabilities have been calculated for each test
section and have been plotted on the geological logs (Appendix 3)
in lugeon units. The lugeon is defined as:

'the rate of loss of water from a drill hole 46 to 76
mm diameter, of 1 litre per minute per metre of drill
hole at a pressure of 10 bars, the test being applied
for ten minutes over a test length of 2 metres.'

Computation sheets for every test carried out are not
presented here but can be examined at the Bureau of Mineral
Resources.
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APPENDIX 4

MECHANICAL PROPERTIES OF ROCK SAMPLES 

Appendix 4 describes the measurement of mechanical
properties of NMLC and Treifus 2i" drill core samples from the
proposed tunnel line. Point Load Strengths were determined by
N. Wise of the BMR Engineering Geology Section. The other
measurements were carried out by M. Idnurm and R. Eaton of the
Rock Measurements Group.

The rocks tested were dacites, rhyodacites, granite,
rhyolite, and shales. All samples were classified as fresh rock.

MEASUREMENT TECHNIQUES 

Elastic properties 

The elastic properties are measured on drill core
samples 10 to 13 cm long in a laboratory-dry condition.

Compressional sound velocity. The compressional sound
velocities were determined from the transmission times of a sound
pulse using a Cawkell ultrasonic instrument type UCT2. The pulse
consisted of a damped sine wave of frequency 150 kHz.

Modulus of Elasticity and Poisson's Ratio. The Modulus
of Elasticity and Poisson's ratio were calculated from the com-
pressional velocity and the resonance frequency of the drill core
sample. A Cawkell instrument type SCT4 was used for the resonance
measurements. The elastic moduli consequently represent the
dynamic rather than the static values. The experimental errors
in the velocity are estimated to be within 5 percent, and in the
elastic moduli within 15 percent.

The elastic properties, specific gravity, and hardness
of the drill core samples are shown in Table A together with the
drill log data. The gaps in the table denote lack of reliable
elastic property data owing to high sonic attenuation.

Hardness 

The hardnesses were determined by the Shore scleroscope,
which measures the height of rebound of a diamond-tipped weight
from a flat test surface. A total of 64 readings was obtained
from the end faces of each sample, and the average of these was
taken as the Shore Hardness. The samples were tested in a
laboratory-dry condition.

Table B lists for comparison the values of Shore Hard-
ness for several common rock types. This table is compiled from
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the information given in the US Bureau of Mines report on their
Investigation No. 4727.

Uniaxial compressive strength (UCS)

The length to diameter ratio of the samples for the
compressive strength tests was 2:1. The specimen ends were
surface-ground to a flatness within 25 1 AT (highest to lowest
point). The ends were parallel within^. No lubricant was used
on the end faces. The samples were tested in a laboratory-dry
condition. A Baldwin teqing machine Model 400 CT was used. The
loading rate was 500 KN/m /sec.

Table C lists the uniaxial compression test results.
The samples tested represent the least jointed sections of the
drill core. Defect free samples were not available from some of
the drill cores. Where the failure occurred prematurely on pre-
existing fracture planes only the lower limit of uniaxial com-
pressive strength is given. The shale samples were tested normal
to their bedding planes.

Point Load Strength Index: Is(50) 

The Point Load Strength (PLS) test was devised as a
quick means of determining the rock strength. The tests were
carried out using a technique developed by Brock & Franklin
(1972).

Where possible at least 10 tests were carried out on a
sample 'unit'. A 'unit' is a sample of rock considered on inspec-
tion to have uniform strength. In some cases it was not always
possible to obtain 10 suitable rock samples.

Failure of a sample was considered satisfactory if it
occurred across the rock substance. Where failure occurred along
fractures, joints, or bedding planes, the results were discounted.

Tests of shale samples were carried out perpendicular
to the bedding planes. The length of the drill core shale
samples tested was roughly equal to the diameter.

Drill-core samples and surface samples were tested in a
laboratory-dry condition.

Drillcore samples

Tests were carried out on core samples having a length
to diameter ratio greater than 1.4. The samples were tested
through a core diameter at a distance 0.7 diameter between the
contact point of the platen and the nearest free end.
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All tests were carried out in the field using core
samples taken from the boxed drill core.

The PLS test results for the drill core are included in
Table D.

Surface samples

The PLS test results for surface samples from GST and
tunnel samples from Pine Ridge tunnel are included in Tables E
and F. The samples tested were the form of irregular lumps
collected from surface outcrops and from the tunnel-walls. With
one exception the testing procedures have followed those recomm-
ended by Brock & Franklin (1972). The exception is in the shape
factor for which the lower limit has been reduced from 1.0 to 0.9
This should not introduce any serious errors and has enabled a
large number of samples to be retained, which would have other-
wise been unsuitable for the tests.

The following should be noted about the tests:

1. The test samples were roughly cubical in shape with an
average edge length of 6 cm. The final trimming to produce the
cubical shape was done with a diamond-disc saw.

2. The shape factor ranged from 0.9 to 1.3.

Correlation of Point Load Strength Index, Is(50), with Uniaxial 

Compressive Strength (UCS).

From the Is(50) a corresponding UCS can be predicted
from the correlation curve of Brock & Franklin (op. cit.). The
correlation is:

UCS^24 Is(50)

A comparison between Is(50) and UCS has been carried
out by M. Idnurm of the BMR Rock Measurements Group. The corre-
lation coefficient between Is(50) and UCS found here was 0.84,
which compares with values of 0.88 obtained by Brock & Franklin,
and 0.95 obtained by D'Andrea et al. (1965).

The results obtained by M. Indurm agree reasonably well
with those of Brock & Franklin at low and intermediate compress-
ive strengths, but deviate at high strengths. For example the
average Is(50) for fresh dacite from Pine Ridge tunnel is 7.9
MPa, and the corresponding UCS predicted from the correlation
curve of Brock & Franklin is 190 MPa; however, measurements by
M. Idnurm indicate a UCS of 210 MPa. These results indicate a
possible non-linear relationship between Is(50) and UCS at high
stress levels, and departures from the Brock & Franklin curve
start from about 160 MPa.
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TABLE A. GENERAL RESULTS Or ROCK TESTS

111 Drill hole Depth
(m)

Geological
description

Sample
no.

Specific
gravity

Compressional
velocity
(m/s)

Modulus of
elasticity
(E)^'
(10 3UN/m2 )

Poisons
Ratio
(r)

Hardness
(Shore
units)

17.90 Dacite 75/529 2.67 5660 76 0.22 -

24.70 75/530 2.65 5560 72 0.23 -

35.00 75/531 2.64 4420 45 0.24 -

17.95 If 75/532 Shore Hardness test only 102

24.65 e 75/533 Shore Hardness tent only 102

19.80 75/534 Shore Hardness test only 101

29.10 Dacite 75/535 2.06 5930 81 0.25

29.30 75/536 2.65 5650 74 0.24 _

32.40 e 75/537 2.66 5750 77 0.24 _

29.30 e^. 75/538 Shore Hardness test only 100

32.05 75/539 Shore Hardness test only 98

32.30 75/540 Shore Hardness test only .^96

12.50 Dacite 75/541 2.66 5490 67 0.26

12.60 75/542 2.65 5740 65 0.31 -

12.80 e 75/543 2.67 5630 73 0.24 _

12.45 75/544 Shore Hardness test only 102

12.70 e 75/545 Shore Hardness test only 101

12.87 e 75/546 Shore Hardness test only 96

19.10 Shale 75/547 2.68 4400

19.63 75/548 2.68 4650 -

19.95 e 75/549 2.68 5020 - -

19.05 11 75/550 Shore Hardness test only 72

19.50 75/551 Shore Hardness test only 64

19.80 75/552 Shore Hardness test only 67

35.76 Dacite 75/553 2.61 3850 - -

39.70 75/554 2.63 4790 52 0.25 -

40.35 e 75/555 2.65 3900 - - -

35.85 e 75/556 Shore Hardness test only 81

40.40 e 75/557 Shore Hardness test only 68

59.80 11 75/558 Snore Hardness test only 71

44.10 Granite 75/487 2.68 5770 71 0.29

45.90 11 75/488 2.67 5720 71 0.28

46.50 e 75/489 2.68 5650 60 0.33 -

44.50 75/491 Shore Hardness test only 91

46.00 e 75/490 Shore Hardness test only 92

47.50 e 75/492 Shore Hardness test only 97

31.80 Dacite 75/493 2.71 5070 61 0.24 -

38.60 e 75/494 2.74 5450 67 0.27 -

58.20 75/495 2.69 5500 70 0.25 -

31.68 75/496 Shore Hardness test only 71

36.65 75/497 Shore Hardness test only 75

58.05 e 75/498 Shore Hardness test only 75

70.30 Dacite 75/499 2.70 5330 59 0.30 -

71.50 75/500 2.67 5580 69 0.27 -

71.60 e 75/501 2.67 5310 59 0.29 -

70.20 75/502 Shore Hardness test only 71

71.42 e 75/503 Shore Hardness test only 82

77.70 75/504 Shore Hardness test only 57

GST. 3

GST. 3

III GST. 3

GST. 31

GST. 3

GET. 3• GST. 4

GST. 4

GST. 4

GST. 4

GST. 4

GST. 4

I/ GST. 5GST. 5

GST. 5

II GST. 5

GST. 5

GST. 5

68T. 7

II GST. 7

GST. 7

GST. 7

II GST. 7

GST. 7
GST. 7

11 GST. 7
GST. 7

GST. 7

GST. 7

GST. 7

GST.

GST. 9,

11/ GST. 9

GST. 9

GST. 9

GST. 9

GST. 11

GST. 11

GST. 11

III GST. 11

G8T. 11

GST. 11

GST. 12

GST. 12

GST. 12

GST. 12

GST. 12

GST. 12
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Drill hole Depth Geological Sample Specific Compressional Modulus of Poisons

(m) description no. gravity velocity elasticity Ratio

(m/s) (E) (r)

(10 3MN/m2
)

CST.^16 37.30 Rhyodacite 75/559 2.63 4560 49 0.22

GST. 16 37.40 75/560 2.61 5030 61 0.20

GST.^16 39.50 75/561 2.58 4600 45 0.26

GST.^16 27.45 75/562 Shore Hardness test only

GST.^16 37.20 e 75/563 Shore Hardness test only

GST. 16 39.60 75/564 Shore Hardness test only

GST. 17 20.00 Rhyolite 75/505 2.74 5710 75 0.26

GST.^17 21.80 75/506 2.66 5880 73 0.26

GST.^17 21.80 e 75/507 2.60 5560 62 0.30

GST.^17 20.10 75/508 Shore Hardness test only

GST. 17 20.14 75/509 Shore Hardness test only

GST. 17 21.92 " 75/510 Shore Hardness test only

GST. 18 16.60 Dacite 75/565 2.70 4540 42 0.31

WT. 18 18.70 75/568 2.70 4740 49 0.28

GST.^18 18.90 ft 75/567 2.71 4390

GST. 18 18.50 75/568 Shore Hardness test only

GST. 18 18.75 75/569 Shore Hardness test only

GST. 18 18.85 75/570 Shore Hardness test only

GST. 20 56.60 Dacite 75/511 2.72 4600 40 043

GST. 20 57.80 e 75/512 2.68 5650 70 0.27

GST. 20 58.00 75/513 2.69 5520 68 0.26

GST. 20 57.61 75/515 Shore Hardness test only

GST. 20 58.00 If 75/514 Shore Hardness test only

GST. 20 60.00 75/516 Shore Hardness test only

GST. 23 48.50 Granite 75/517 2.68 5880 75 0.28

GST. 23 59.90 75/518 2.68 5840 75 0.27

GST. 23 61.30 II 75/519 2.68 5870 76 0.27

GST. 23 48.35 75/520 Shore Hardness test only

GST. 23 59.90 75/521 Shore Hardness test only

GST. 23 61.35 75/522 Shore Hardness test only

GST. 24 43.90 Granite 75/523 2.66 5600 67 0.28

GST. 24 44.10 e 75/524 2.66 5600 67 0.28

GST. 24 34.10 u 75/525 2.67 5440 65 0.27

GST. 24 43.60 e 75/526 Shore Hardness test only

GST. 24 43.90 75/527 Shore Hardness test only

GST. 24 43.64 75/528 Shore Hardness test only

MV 7 11.9 Dacite 71/229 2.67 5660 70 0.28

MV 7 18.8 e 71/230 2.70 5450 66 0.28

MV 7 19.2 e 71/231 2.68 5600 69 0.28

UV 7 19.5 71/232 2.68 5500 67 0.28

MV 11 33.6 71/233 2.67 5850 75 0.28

MV 11 34.5 71/234 2.68 5640 64 0.31

MV 11 35.6 u 71/235 2.69 5630 69 0.23

UV 11 48.5 e 71/236 2.69 4250 32 0.36

Hardness
(Shore
units)

-
/

-

90

i81

63

-

-
i

-

98

93
I

97

-

-

/-

63

69

71
/

-

-

-

/90

89

87

I

-

100
i

97

07

-

/

-

82

/87

86

99

89
I

90

86

96

/93

94

69

^i
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TABLE B. SHORE HARDNESS RANGE IN COMMON ROCK TYPES*

Rock type Shore Hardness^No0 of localities of
sample collection

Granite^90 - 100^ 5

Basalt^69 - 84^ 1

Quartzite^81 (one value only)^ 1

Limestone^27 - 66^ 4

Sandstone^31 - 65^ 3

Shale^34 - 58^ 2

* From US Bureau of Mines Report on Investigation 4727
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TABLE C.^UNIAXIAL COMPRESSIVE STRENGTHS (UCS)

Drill hole Depth
(m)

Diam
(cm)

Geological description Sample
no.

Compressive
strength

MPa

Mode of failure

GST. 3 17.90 5.2 Dacite 75/529 294 Fractured into numerous small pieces

GST.^3 24.70 5.2 .. 75/530 492 Longitudinal failure through length

GST, 3 35.60 5.2 ” 75/531 >110 Premature failure through joint plane

GST, 4 29.10 5.2 Dacite 75/535 >101 Premature failure through joint plane

GST% 4 29.30 5.2 1. 75/536 273 Fracture into numerous small pieces

GST. 4 32.40 5.2 75/537 173 Longitudinal failure through length

GST. 5 12.50 5.2 Dacite 75/541 291 Fracture into numerous small pieces

GST. 5 12.60 5.2 If 75/524 258 Fracture into numerous small pieces

GST. 5 12.80 5.2 75/543 234 Longitudinal failure through lengths

GST. 7 19.10 5.2 Shale 75/547 >245 Premature failure through joint plane

GST. 7 19.63 5.2 75/548 >124 Premature failure through joint plane

GST. 7 19.95 5.2 75/549 >197 Premature failure through joint plane

GST. 7 35.76 5.2 Dacite 75/553 203 Conical

GST.^7 39.70 5.2 75/554 204 Fracture into numerous small pieces

GST. 7 40,35 5.2 75/553 205 Conical

GST. 9 44.10 5.2 Granito 75/487 170 Fracture into numerous small pieces

GST. 9 45.90 5.2 75/488 237 Fracture into numerous small pieces

GST.^9 46.50 5.2 75/489 125 Longitudinal failure through length

GST.^11 31.80 5.2 Dacite 75/493 154 Fracture into numerous small pieces

GST.^11 38.60 5.2 75/494 152 Fracture into numerous small pieces

GST.^11 58.20 5.2 75/495 164 Fracture into numerous small pieces

GST.^12 70.30 5.2 Dacite 75/499 104^- Semiconical failure

GST. 12 71.50 5.2 75/500 97 Semiconical failure

GST. 12 71.60 5.2 fr 75/501 105 Longitudinal failure through length

GST. 16 37.30 5.2 Rhyodacite 75/559 >52 Premature failure through joint plane

GST. 10 37.40 5.2 75/560 >n Premature failure through joint plane

GST. 16 39.50 5.2 75/561 >38 Premature failure through joint plane

GST.^17 20.00 5.2 Rhyolite 75/305 279 Fracture into numerous small pieces

GST.^17 21.80 5.2 u 75/506 322 Fracture into numerous small pieces

GST.^17 21.80 5.2 75/507 247 Conical

GST. 18 18.00 5.2 Dacite 75/565 145 Longitudinal failure through length

GST.^18 16.70 5.2 ff 75/560 119 Longitudinal failure through length

GST.^18 18.90 5.2 75/507 96 Conical

GST. 20 50.60 6.3 Dacite 75/511 141 Conical

GST. 20 57.80 6.3 75/512 255 Longitudinal failure through length

GST. 20 58.00 6.3 75/513 223 Longitudinal failure through length

GST. 23 45.50 6.3 Granite 75/517 188 Longitudinal failure through length

GST. 23 59.90 6.3 75/518 246 Fracture into numerous small pieces

CST. 23 61.30 6.3 II 75/519 263 Fracture into numerous small pieces

GST. 24 43.90 6.3 Granite 75/523 178 Longitudinal failure through length

GST. 24 44.10 6.3 75/524 201 Fracture into numerous small pieces

GST. 24 34.10 6.3 , 75/525 >110 Premature failure through joint plane

MV 7 11.9 5.2 Sadie 71/229 239 Not available

MV 7 18.8 5.2 n 71/230 214 Not avilable

MV 7 19.2 5.2 fr 71/231 187 Not available

MV 7 19.5 5.2 71/232 - Not available

MV 11 33.6 5.2 71/233 257 Not available

MV 11 34.6 5.2 71/234 262 Not^available

MV 11 48.5 5.2 If 71/235 192 Not available

71/236 177 Not available
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TABLE D. POINT LOAD STRENGTH TESTS ON DRILL CORE

Hole no.^Depth^No. namples Formation No. successful wean^Standard
approx. tested^ tests^Is(50)^deviation

(m)^ HPa

Geological description

1

GST. 2

^

43.0^9^o^7^9.8^0.65^)FR - Dacite, light groy to

^

56.0^11^m
mi^10^9.9^1.01^)^dark grey to pink with

^

60.0^7^..4^5^9.4^0.94^)^zones of alteration.
s.4
co 644

17.0 10^tc "^10^12.1^1.86^FS - Dacite, light grey
a

0(.4

^

28.0^10^,-4
4-4^10^7.4^1.06^FS - Dacite, pale grey
-.4
W

^

10.0^10^ 7^11.2^1.78^)FS - Dacito, welded, mostly

^

20.0^10^ 9^1^ pale grey1.1^3.08^)

     

1

GST. -7^10.0^10i.;

^

s c^a^7.3^1.44^FR - Dacite, crystal tuff
arenite^-6 2;

^

16.0^3- ̂ 3^2.4^0.03^Black shale intraclasts
2

^

19.0^
o o
.sc s o^2^2.6^0.02^FR - Black shale4.4 u

^

25.0^4^s 4-4^ 4^2.2^0.21^Black shale intraclastn

^

25,0^10w o

^

O- t^8^7.9^3.92^FR - Dacito tuff
^36.0^11^s 8^4.3^0.95^FR - Dacite ignimbrite tuff,

3 mod. grey

GST. 9^15.0^10^ 8^1.5^0_67^MW-FS Granite porphyry, light
s
c4^ grey

^

20.0^18 14 b..

^

01 14^ 8^6.1^2.00^)FR - Granite porphyry
^30.0^14^-0 ›,^3^8.4^3.24^)^light grey

0.0
.., a

GST. 9^35.0^8c 14
O 0^ 4^2.9^1.46^FR^Granite porphyry, but

^..4n,^ slightly ultered and
o chloritizod.

^

44.0^14^ 7^7.6^2.22^FR^Granite porphyry

&ST. 11^30.0^14 6^6.3^0.82^FR^Dacite ignimbrite tuff

^

44.0^11^0 s iZgnice 4^6.0^1.10^FR^Dacite ignimbrite tuff
00)4.1 0

GOT. 12^38.0^10^
Oc2^

4^5.1^0.82^FS^FR Dacite, mostly
sheared but healed withu a.4-4 a^ chlorite and limonite

O N^72.0^10^> co^8^7.2^2.51^FR^Dacite ignimbrite tuff

LI 14
CST. 13^63.0^10^0) 0)^ 8^7.0^1.91^FR - Dacite

.w a.

^

80.0^1.f^-4 a^5^4.1^0.95^m - Rhyolite, green mottled

^

82.0^9^mt 17 3^2.0^0.54^)Silicious with black chlorite

GST. 14^23.0^10^ 2^6.4^0.10^)FR - Rhyolite, purple with

^

32.0^8^ 3^4.5^0.82^)chlorite veins throughout

GST. 16^20.0^10^Green^7^6.5^1.32^8W-F3 Rhyolite, pale green
rhyolite

24.0^/0^ 9^9.1^1.67^SW-FS Rhyolite, blue green
37.0^12^Purplt^6^4.6^1.00^FS - Rhyodacite, purple

ihveeetite 
GOT. 17^20.0.^15^t,ceen

rhollite^11^8.4^1.07^FR - Rhyolite, green
o

11^uCST. 18^19.0^10^o^e^7^5.1^2.00^FR - Dacite, welded, stained
m^41,

^

.--4 (6 m a^ purple
m , o a

GOT. 20^55.0^13^* o 000

^

.. am^10^6.2^0.94^FR - Dacite, blue grey
-

GOT. 23^46.0^10^m^10^8.4^1.10^)FR - Granite porphyry pale44
11 c,^ grey

^

60.0^11 0 14
-0 :04^ 8^7.9^0.93
0.0-4 a

GST. 24^28.0^12^01-4^10^5.6^1.79^FS - FR Granite porphyry0 o green grey
co



TABLE E.^POINT LOAD STRENGTH TESTS ON SURFACE SAMPLES

Map
locality
and thin-
section numbers

Grid
position

No. samples
tested

Mean
Is(50)
MPa

Standard
deviation

Geological description

J1 198750 E 10 12.6 2.34 Light grey dacite,
75360026 612590 N SW - FR

74360060 199180 E 10 12.9 0.92 Dark grey dacite,
612710 N FS - FR

74360061 199210 E 10 12.0 1.07 Dark grey dacite,
612100 N FS- FR

K3 199177 E 6 12.3 2.44 Dark grey dacite,
75360023 612310 N SW - FS

75360021 199940 E 9 9.8 2.16 Purple dacite,
612340 N SW

El 196710 E 10 10.5 1.83 Dacite agglomerate,
610390 N SW - FS

D1 198810 E 9 9,8 1.85 Green rhyolite,
75360031 608690 N SW- FS

au OS all^Ile MN ell le ONO IMP MI NM INN MO Ai^IMO NS
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TABLE F. PINE RIDGE TUNNEL POINT LOAD STRENGTH TESTS

All samples consisted of fresh dacite containing
cemented fractures.

I

  

Location
chainage (ft)

No0 of samples^Mean Is(50) MPa

200 (w) 4 7.8

300 (w) 3 8.4

400 (w) 2 8.0

500 (w) 3 8.2

600 (w) 3 6.7

700 (w) 2 9.0

800 (w) 2 10.7

900 (w) 3 8.5

1000 (w) 2 8.1

1100 (w) 2 509

1200 (w) 2 7.3

1300 (w) 3 8.3

1400 (w) 3 7.4

1500 (w) 2 9.6

1600 (w) 2 7.5

1700 (w) 3 7.1

1800 (w) 2 7.1

1900 (m) 3 5.9

2000 (w) 3 8.0

2100 (w) 3 7.3

2200 (w) 3 8.9

2300 (w) 2 7.1

2400 (w) 2 8.0

2500 (w) 2 7.3

2600 (w) 2 6.4

2700(w) 3 10.4

Mean 7.9
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APPENDIX 5 
PETROLOGY

THIN SECTION DESCRIPTIONS 
(by C. Gardner)

SUMMARY

All the samples described are porphyritic dacites (62-
68% 510 o ) or rhyolites (Si0 0 68%) with between 30 and 50 percent
phenocrYsts. These generally include unbroken phenocrysts, frag-
ments of broken phenocrysts (fragmentation is a distinctive
feature of these rocks), and microphenocrysts. Quartz is the
dominant porphyritic mineral in all of the samples, in terms of
abundance and grainsize; it occurs as rounded or hexagonal
embayed crystals and always shows complete extinction.

Plagioclase (albite-?andesine) is always present,
usually as subhedral, partly sericitized, irregularly twinned,
zoned laths. Euhedral microphenocrysts of magnetite also occur
in all the samples.

Mafic phenocrysts were originally biotite + hornblende
clinopyroxene, orthopyroxene was found in one sampTe. In almost
ll the samples, the mafics have been completely altered,

usually to chlorite + opaque oxides or sericite. Calcite,
tremolite, sphene are also common alteration products. Low-grade
greenschist metamorphism is inferred from these alteration
products.

The groundmass is usually composed of quartz, plagio-
clase, K-feldspar, chlorite, sericite, and opaque oxides in many
stages of devitrification. Strong flow-banding is evident in
some samples, the flow enveloping deformed biotite pseudomorphs.

Accessories include apatite, zircon, and epidote.

THIN SECTION DESCRIPTIONS

Purple rhyodacite 

(No. 75360021)^Phenocrysts: (35%) Most of these are clear
(i.e., not undulose) quartz, up to 5 mm,
cracked but not displaced. Sericitized
albite and biotite partly replaced by chlorite
+ opaques make up the remainder of the pheno-
crysts. Microphenocrysts of biotite, chlorite,
opaques and magnetite occur. (3%)

Groundmass: Partly devitrified quartz-feld-
spar-opaques. Feldspar is clouded with
inclusions of opaque oxides.
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Green rhyolite 

(No. 75360031) Extensively altered. Large areas of the
matrix are recrystallized - these may be of
sedimentary origin. Quartz phenocrysts (20%)
cracked but not displaced, and feldspars
(10%) sericitized. Rare original biotite
and hornblende has been replaced by opaques +
sericite or opaques + chlorite.

Groundmass is poorly crystalline.

Accessory zircon, magnetite microphenocrysts.

Walker Volcanics, lower sequence (Dacite) 

(No. 74360064)

(No. 74360065)

(No. 75360028)

Phenocrysts: (60%) composed of rounded frag-
ments of clear quartz, sericitized subhedral
feldspar, and pseudomorphs after biotite and
hornblende. The pseudomorphs are aggregates
of quartz-calcite-tremolite-epidote, calcite-
chlorite, or Fe-rich chlorite. Former biotite
laths are deformed.

Groundmass: is structureless cryptocrystall-
ine quartz-chlorite-plagioclase-K-feldspar.

Accessory: zircon, sphene, opaques.

?Phenocrysts: (60%) Comprised of fragmented
irregularly-shaped but well-rounded quartz,
dense enough that they are just touching, and
partly sericitized untwinned sodic plagio-
clase. As for 0064, mafic phenocrysts have
been altered (low-grade greenschist metamor-
phism) to aggregates of Fe-poor chlorite, Fe-
poor chlorite-sphene, and calcite-qtz-sphene.
Some of the sphene occurs as radially-grown
spheres.

Groundmass: structureless cryptocrystalline
quartz-Fe-rich chlorite-albite-calcite.

Possibly sedimentary as quartz phenocrysts
are generally not embayed, although some are
angular„ However, texture is similar to that
of rhyodacites already described. Feldspar
phenocrysts are replaced by sericite, clay or
calcite; mafics (biotite, hornblende)
replaced by colourless chlorite + opaques.
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(No. 75360030)

Groundmass consists of quartz, clay, calcite,
sericite.

Probably sedimentary. Sub-angular quartz
fragments occur in all sizes from micro-
crystalline matrix to 1.5 mm (40%) and feld-
spar fragments comprise 25 percent of rock.
Matrix consists of quartz clay-feldspar-
calcite-opaques-chlorite no structure observed
(sed. or volcanic).

Willow Bridge rhyolite (dark grey)

^

(No. 74360060)^This sample (like most of those described) is
comprised of distinct phenocryst and ground-
mass phases, each making up about 50 percent
of the total rock.

Phenocrysts: i) clear, sometimes strained,
quartz, 30 percent of total rock, from .05 mm
(microphenocrysts) to 5 mm, mostly fragmented
as well as embayed. Original crystal faces
are either rounded or hexagonal (indicating
high temperature origin),

ii) sericitized anhedral plagio-
clase (15%), smaller than quartz (indicating
relatively deep level of derivation), also
fragmented.

iii) sericite and chlorite (+
opaques) pseudomorphs after biotite. Strongly
deformed - probably during solidification of
groundmass, as the contortions parallel the
groundmass flow structure,

iv) rare CPX.

Groundmass: Cryptocrystalline partly devitr-
ified qtz, Kspar, plag. Well-defined flow
structure.

Accessory. Apatite, magnetite, zircon,
goethite.

Willow Bridge dacite (dark grey and near base of unit)

^

(No. 74360061)^Similar to 0060 except (i) phenocrysts com-
prise 35 percent instead of 50 percent of
total rock, (ii) groundmass is fully devitri-
fied, consequently flow pattern in the
groundmass has been destroyed; deformed
former biotite laths indicate that flow
structure did originally exist.
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Willow Bridge dacite (dark grey)

As for 74360061. Phenocrysts: (50%) fragmented
phenocrysts and microphenocrysts, plagioclase,
oscillatory zoned, twinned.

(No. 75360022)

(No. 75360023)

(No. 75360024)

(No. 75360025)

Groundmass: very dark, due to density of
opaques, only incipient devitrification; flow
structure evident.

As for 75360022. Biotite (now chlorite or
sericite, + opaques) is strongly deformed and
is strung out to narrow elongate laths con-
cordant with the excellent groundmass flow
structure; also crenulated.

NOTE: the chlorite replacing biotite is an
intermediate biotite to chlorite alteration
product, having higher birefringence than
chlorite (same order of birefringence as
sericite). Magnetite and apatite are
accessory.

Porphyritic dacite (as for 0023)

Mineralogy as for 0023, 0024. Phenocrysts,
fragmented phenocrysts and microphenocrysts
comprise 50% of rock. Biotite is unaltered
and undeformed, i.e. red-brown phenocrysts.

Willow Bridge dacite (light grey)

(No. 75360026)^As for 0025. Phenocrysts: Nearly all fragmen-
ted. Biotite quite fresh, dark brown-pale
green. Plagioclase shows good twinning and
zoning (Ano - 10). No K-feldspar phenocrysts.
Magnetite phenocrysts abundant.

Fresh orthuhyroxene phenocrysts occur rarely
and carry zircon inclusions.

Groundmass: Completely devitrified, quartz-
albite-K-feldspar-chlorite.

(No. 75360027) Phenocrysts: Fragmented phenocrysts and micro-
phenocrysts make up 50 percent of rock. They
include embayed, generally rounded, non-
undulose quartz, up to 5 mm diameter;
smaller subhedral partly sericitized twinned
plagioclase, zoned Ano - 10; strongly deformed
chlorite + opaque pseudomorphs after biotite,
chlorite pseudomorphs after hornblende.
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Groundmass: devitrified crystocrystalline, no
now structure remaining.

Willow Bridge rhyolite (light grey) -
(No. 74360069)^Phenocrysts: Comprise 40 percent of total

rock. Most of these are qtz, clear, highly
fragmented, all with sharp angular edges.
Both plagioclase (albite-twinned) and potash
feldspar (microcline-twinned) occur. Some
K-feldspar phenocrysts are altered to qtz-
sericite. Biotite microphenocrysts (8%) are
altered to opaques + epidote, and carry
abundant zircon inclusions.

Groundmass: is devitrified, rarely recrystal-
lized.

Granite Porphyry

(No. 74360062, 63) Similar mineralogy to 0060, 61 except for
higher proportion of mafics in 0062, 63.

Phenocrysts. As for 0061 except quartz and
plagioclase are both commonly 4 mm (indicat-
ing shallower level of commencement of
crystallization than for 0061). Plagioclase
is twinned, euhedral, composition not deter-
minable because of sericitization.

Mafic phenocrysts (biotite, clinopyroxene) are
pseudomorphed by quartz-chlorite + calcite,

^11

sphene-chlorite-opaque oxide or se-ricite
aggregates.

(No. 75360029) Phenocrysts: (40%) Large, embayed quartz,
heavily corroded feldspars (to sericite,
calcite, clay, dusted with opaques). Mafics
altered to epidote or colourless chlorite +
opaques. Calcite abundant in groundmass;
associated with this calcite are abundant
tiny (.05 mm) euhedral magnetites.

This rock seems to have partly sedimentary
content.

Groundmass. (50% of total rock) Fine-grained;^I/
probably recrystallized volcanic groundmass.
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TAHLE 0. CHEMICAL ANALYSES

Green RhyoliLe Mount Painter Porphyry Walker Vulcapics
Lower nequnco

Tuggerunong
tunnel

637
area

Loant Painter Aroa G3T
area

Location
(1:100 000 noriee)

8th.
244+15

Stn.
248+35

811883
D1

876853 8779',2 959866 944872 936864 800000
E2

803018
El

Registration No. 75840014 75840016 73840101 74840003 74840004 74840085 74840080 74040088 75840018 75640010

5102 71.84 72.09 80.2f, 66.40 67.15 85.65 66.52 65.03 88.00 66.70

TiO2 0.22 0.23 .22 .57 .54 .59 .57 .58 0.48 0.59

Al20 3 12.03 13.33 10.74 13.60 13.74 14.13 14.06 13.88 10.7i 14.00

re20 3 1.39 0.33 .ed .81 .98 .30 .40 .48 1.10 0.26

Pe0 0.56 0.90 .07 4.47 4.34 4.52 4.20 4.02 5,00 4.55

MnO 0.04 0.03 .01 .06 .09 .10 .07 .10 0.13 0.13

Mg° 0.59 0.49 .23 2.92 3.09 3.09 '^2.80 2.80 4.01 2.65

(NO 2.40 1.73 .03 2.00 2.30 1.74 1.52 2.08 2.54

As2n 0.75 1.12 .52 1.73 1.82 2.10 1.02 1.36 1.00 2.58

K„O 4,12 3.78 5.94 3.38 2.81 3.86 4.27 4.67 1.52 1.76

P208 0.00 0.06 .05 • 11 .11 .00 ,07 .07 0.10 0.11

8,0. 2.23 2.47 .67 2.41 2.60 2.75 2.44 2.78 3.43 2.39

R20- 0.47 0.51 .15 .11 .13 .13 .08 .10 0.21 0,11

COU 1.95 1.60 .05 .05 .05 .75 .40 1.40 0.45 0.23

Cu 20 14 28 86 '^30 22 30 34 36

2n 45 50 52 104 84 114 71 104 110 98

2 6 20 16 2 4 2 6

Ni 2 14 2 24 20 22 38 28 22 16

Cr 15 15 25 75 80 85 80 85 75 75

35 50 3 135 130 145 170 180 170 110

84 WM) 540 830 560 500 620 040 040 380 LAC

ce 80 100 40 80 70 80 BO 80 aJao 110

40 60 30 40 eo 50 6Q eo 40 50

Pb 36 34 30 14 20 12 8 12 30

240 210 200 150 130 170 160 300 75 135

Hr 50 100 50 130 130 100 80 44 110 160

Th 18 18 16 le 10 12 14 16 12 .14

8 8 6 4 4 4 4 4 4

Zr 126 125 145 100 185 175 175 195 160 l00

Nb 10 10 4 4 8 4 4 8 10 10

30 30 20 20 20 26 25 30 25 23
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TiLLE G. (contd.)

Walker Member (Purcell,^in prep.) Willow Bridge Tuff

Pine Ridge tunnel North of 0inninderra Creek

Location Stn. Stn. Stn. Stn. Stn. 759104 773123 737133 739214 803221

(1:100 000 series) 23+70 50+00 26+50 45+00 45+00

Registration No. 73840487 73840468 73840489 73840490 73840491 73840436 73840438 73840440 73840146 73840449

_

SiO2 67.78 88.42 67.84 65.86 66.60 67.98 69.63 7,193 69.88 67.80

TiO2 .54 .51 .55 .62 .55 .51 .46 .31 .41 .50

Al203 13.95 12.86 14.10 14.37 13.68 14.94 14.67 14.00 14.04 15.18

Fe203
2.12 2.58 .87 3.62 3.32 1.39 1.53 .15 1.05 1.25

FeO 2.08 3.73 4.00 1.63 1.63 2.35 1.98 1.73 2.14 2.44

MnO .09 .08 .09 .04 .04 .03 .05 .05

MgO 1.70 1.63 1.92 1.70 1.46 1.43 1.30 .52 1.27 1.37

C40 1.73 .41 .32 1.44 1.83 3.81 3.05 .73 3.10 3.70

Na20 2.33 .72 1.27 1.22 1.38 2.48 2.32 4.00 2.66 2.80

K20 3.55 5.46 6.43 6.46 5.88 2.85 3.29 4.49 3.16 2.97

P205
.11 .11 .14 .13 .12 .11 .10 .04 .08 .10

820+ 2.53 2.22 2.17 2.02 2.07 1.26 1.41 .87 1.22 1.54

1120-
.33 .26 .19 .22 .15 .16 .09 .13 .10 .10

CO2 .90 .05 .05 .55 1.05 .05 .10 .05 .05 .05

Cu 14 8 6 8 12 18 20 44 24 22

Zn 56 55 53 50 56 59 45 56 30 74

Co 6 8 8 6 6 10 18 2 4 2

Ni 20 15 20 18 18 10 13 10 13 18

Cr 65 60 50 55 85 30 30 20 30 30

V 130 110 140 150 150 83 80 38 65 100

Da 450 1180 1020 1330 1310 600 660 700 640 620

Ce 70 60 60 70 70 70 80 70 80 80

La 40 40 40 40 30 40 60 50 00 50

Pb 105 e 10 14 1150 14 14 4 22 18

Rb 250 240 230 310 280 110 125 160 120 120

Sr 95 40 45 60 50 105 185 100 180 220

Th 18 16 16 12 18 14 14 22 14 16

U 4 6 6 4 4 4 4 1 4 (3

Zr 180 160 180 170 190 200 200 220 180 210

Nb 5 s 5 10 10 5 5 5 5 5

Y
30 30 30 30 25 25 30 30 25 25



TABLE G. (rontd.)

Willow Dridgo Tuff

North of Oinnlnderra Creek Dark grey
near B.W.P.C.C.

Location
(1:100 000 serius)

783105 780130 822120 814153 802187 785100 738111 724107 822027
K3

Registration No. 73840455 73840457 73840458 73840460 73840463 73840464 73840485 73840470 75840020

210, 70.42 60.33 74.92 60.80 67.98 87.91 88.09 88.61 72.01

T102
.41 .48 .16 .53 .17 .49 .52 .48 0.31

A1 0
2 3

14.32 14.43 12.92 13.40 14...1 14.31 15.05 14.81 13.34

re2 0; 1.06 1.32 .89 1.44 1.11 1.19 1.41 1.21 0.85

Fe0 2.14 2.11 .81 2.40 2.44 2.48 2.46 2.29 1.49

.05 .05 .05 .00 .00 .06 .oe .00 0.03

CaO

MO 1.19

3.49

1.23

3.66

.65

.83

1.49

4.13

1.51

3.65

1.73

2.77

1.57

2.98

1.72

1.15

0.95

2.17

6% 20 2.48 2.54 2.82 3.64 2.56 2.92 3.02 4.18 2.79

K20 3.01 3.03 5.09 2.94 3.03 3.20 3.27 3.48 3.03

p205 .09 .10 .04 .11 .11 .10 .11 .09 0.12

0204
1.09 1.35 .78 1.13 1.27 1.45 1.53 1.42 1.01

.11 .11 .18 .11 .11 .17 .19 .22 0.04

CO2 .05 .05 .05 .05 .05 .03 .05 .10 0.05

Cu 20 22 14 22 22 20 20 14 24

Zn 48 58 30 63 40 53 GO 43 35

Co 10 14 4 4 2 10 10 8 2

Nt 13 18 15 15 15 18 15 18 12

Cr 20 20 10 25 25 20 23 23 20

V 85 98 40 113 98 100 100 100 35

Du 580 600 400 820 820 620 620 580 680

Co 90 90 90 80 80 70 80 go 130

La 40 40 60 50 40 50 SO 30 70

Pb 20 18 24 14 18 28 16 10 46

Rb 120 130 230 120 120 120 130 110 155

Sr 190 190 85 210 200 200 190 153 170

Th 14 16 18 10 14 14 12 10 22

4 4 4 4 4 4 4 4 4

Zr 170 180 95 200 200 200 200 190 130

Nb 5 5 5 5 5 5 5 5 10

25 80 25 25 30 25 25 25
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APPENDIX 6 

GROUNDWATER DATA

Conductivity and pH of water samples from GST bores.

Date of sampling 14/10/75

Specific Conductance -1^-1cm^pH

GST^3 367 6.4

4 550 6.0

5 550 6.5

7 1520 6.2

17 608 5.8

Date of sampling 11/11/75

GST^17 688 5.9
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FIGURE  C
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APPENDIX 7 

DRILL CORE PHOTOGRAPHS 
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APPENDIX 8

GEOLOGICAL LOGS OF DIAMOND-DRILL HOLES 
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Feed J-W_DRAU LIC _^,___
Core barrel typeT_REELIS.__
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Driller L.KEA_SIIB_MR)_
Commenced 6112174^
CoMpleted 14 /1_/_75_ _ _ _

Logged by _PAIAN_G
Vertical scale 1CM -1m

Che'cked by^iD.C.R.

Notes

Fracture Log — Number of fractures per 25cm of core. Zones of core loss blacked in

Bedding and Joint Planes — Angles ore measured relative to op/One normal to the core axis

Defect _v,o-iny-ov. spc,n3 of natural defects (shears, joints,fractures)

occurring at spec/ f/ed intercept angle range.

Water Level Measurements — _L._ Level when hole in progress at specified depth.
•^._2_ Level in completed hole on specified date

N^GRANITE^PORPHYRY^SW— SLIGHTLY WEATH ^

EW — COMPLETELY WEATHERED^FS — FRESH^STAINED

HW — HIGHLY WEATHERED^N/A-NOT APPLICABLE ^
MW —MODERATELY WEATHERED

Water Pressure Tests

.* Values in lagoons should be rood

sheets
h ons i u gstito sn ewc iht oh ncsoi

Ore
 u mt do /1 ci oont 8 dc

by blacked in strips.

Core Photograph Negative No

Depth (m)^Black a White^Colour
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BUREAU OF MINERAL RESOURCES, ''.. PROJECT GINNINDERRA __SEWER TUNNEL
GEOLOGY 8 GEOPHYSICS ''. • oco-IoN At Chaina^_25_93 .on.ceotte.__tine at tunneL... .._L ?

• 'II'^.. L.^- • L. -^Approx._ 00m SVY of '..aelcCIOrDeil^SuStali on,____
GEOLOGICAL LOG OF DRILL HOLE • ANOLE FROM HORIZONTAL ( 8 1^0^DIRECTION^_ —^

-
COORDINA TES 19.8417E. _612416_N_____ R : L. OF COLLAR 573-9m^

Drol t y pe MAYHEW ma°
Feed HYDRAULIC
Core bor,al t y psTREIFUS
HQ MIRE LINE e •

Driller L • KEAST(E3MR)
Commenc•d 6/12 /74
Completed 14/1/75
Logged by P A LANG
vert,coi Scale 1CM -1M

Checked by DCP .

Notes

fraCture og — A/umber of fractures pe , 23 cm of core Zones of core loss blocked In

a "tdchng and^P/ones - Anoie ,^mea.suted relaf/ve to ,7,7.Vne 1101,770/10 the Cole as

DtpC!^- oi Spn■ing .11^at defects (shears, roInt$ ,Itactur•s)

•-^ occur,- , ng tt , spec,f/ed intercept angle range

Water eye/ Measurements — At_ ,eve: when hots I,, progress at specifled depth

I e.el /17 compteted hole on spec,fiec/ dots

- SEE PREVIOUS

ENO oF HoLE 6 61.351.4.1

Water Pressure rests

• Values^lugeons shoulc,,De read
In contunctIon wttlt cOmputat/on
sneors rest SeCl/Ons are /nd•cated
by bl,need to strIps

Lore Photograph Negative No

Depth lm)^Block White^Colour
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be^read^in^conjunction^with^computation

M(Pf) 221



PROJECT^U1NNINI.J.t_111 -{A^t..W'z.t1^C.^.
BUREAU^OF^MINERAL.^RESOURCES,^ 1U NEN1_

I_OF A r ION At^inlet^drop _ 5haft^at^station^44-99^on
GE 01 OGY^Fi^GEOPHYSICS centre^line^at^tunnek).‘

ANGL ,^,Rom HoRizoNtAL te)ni °^_DIREcTioN.^_--.^.^.^.
GEOLOGICAL^LOG OF DRILL^HOLE^„oporNarEs E198948. _N612424^P L OF COLLAR 547.1m _ _

HOLE NO.Q5ii
3

SHEET 2^OF

Drilling^Information Rock^Substance Pock^Mass^Defects

o..
o
2 L.,

Pressure

test^*
(Wows)

w
..so

-

co^E.
- o

-
:
I:

E_.
=0,
..

Fl•^:S 2

12
as
0 al

Subs? ante^description

rock^type:^grain^characteristics

colour, structure, minor^component

cm
. &
CC

'ao

Strength
Is (50)

(MPa)
ro
c,-m009

n.000._r2

Defect
spacing

(cm)

0 00
rn2 rn00_rn

Defect^description

thickness,^type,^inclination,^planarity,

roughness,^coating,^strength.

Particular^ General

...^.
o o
o ...
cc -8

C,
-J

X
z

0

100

.

:
11_

-
23--

-
24-

-
:

25-

'26-
.

27—
../

-
-

.

.

-.
—
.
.

.

—

.

.

.

.

.
—
.
.

—

-.

.
-

-v>
-4.V

4L . 1.....v

:<

,...,,,..

-1 '

I 

\AI
7v

<

y<

-1
—I

VI \

<\•<

(>.A
V"›

85
FS

-

< A

-

/—
76-
–

—
ol■

,r

7"...-
/–
P_,,....
L..,—
A-

__.

V
9
t T
a

o ..,:.

4_, r
•E

ID

^

r^6
•3H

^i. ^„i
r.,< 1

7
•-

^

— 2 ic ILO' joinis^If '
spo.c.r1^S.ten

^wii.h limon"rtc. rso . .0
sitkirb;n8

__-
-
-

.
-
-

_

_-
-
-
___
___

DAME 100100
srey 9,9 0. 14 Z,

00t1,0+.1 ll? +0 6 v...., .
CZ..lorh.. & .:i.epIdol-e %/emu
wtm , pink 10...loispos .

•- retr.d y^horf3c,i,

100100

L- >
FR

eXtreMely 1.4^.

100

U

100

100100

100 100

100100
Fs

A' 100100 FR

END OF HOLE 27.45m. _
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
-

Drill^type^.MOLE^
Feed Hydra_ultc_ _ _ _ _ .._
Core^barrel^type^IsItlIG wilil

4- rtiilt_iake f,_ sp*.inner._
Driller B_. Hacte_ (.DHC.) _ _
Commenced 10161_7.5^
Completed _ 4/7/75 ^
Logged^by RA ..I-ANG _ _ _

Vertical^scale^_lcm_m.l.ro _ _ _

Weathering

Fr^- Fresh

SW – Slightly^weathered

p.m- Moderately^weathered

HW- Highly^weathered

UN - Extremely^weathered

Notes:
Bedding^a Joint^Planes - Angles^are measured

*^Water^Pressure^Tests - Values in^lagoons^should

sheets.^Test^sections^are^indicated^by^blacked in

Water

V

<

.11

relative

strips.

10^Oct^73^water level^date^shown

Water^willow

Partial^drilling^water loss

complete^drilling^water^loss

to a^plane^normal^to the core^axis.

be^read^, n^conjunction^with computation

Core^Photograph^Negat,ve^Ni,

Depth (m)^Block a White^Colour

/55 jA /6//169 2 of 2

1

1

M(Pf) 221



1

1

_GINN INDERBA_ _SWER^TUNNEL 
BUREAU^OF^M^ PROJECT

INERAL^RESOURCES,
LOCATION _At_ station _ _71-00_ on_ _cenireline_ _o_f_ tunnel^

GEOLOGY^a^GEOPHYSICS

ANGLE FROM HORIZONTAL (8) 90 ° ^DIRECTION ^_
GEOLOGICAL^LOG OF^DRILL^HOLE^COORDINATES E 198916 _ _N612225^ R.L. OF COLLAR 5_5_6•B1T1 _ _ _

HOLE NOG'SZT.
4

SHEET 1^c:IF 2

Drilling^Information Rock^Substance Rock^Mass^Defects

0

Pressure

test^Fie

Ougeonst

,...

‹)^.15
°^0

cd^."1
.-^,i,.-^._
.7.1^,,3

__

F
-

1

-CI.
(11,4

g'^5
-^.2

.1''^0'.2
a^'-',
0^CO

Substance^description

rock^type:^grain^characteristics

colour,^structure,^minor^components.

0

0.IX

.,
E
Ziir

..36,

Strength

Is (SO)
(mpo)

'n noO00 -^__.
0 00_,n`2

Detect

spacing
(cm)

0.^.._09.,
rol--'rLt- rn

Detect^description

thickness,^type,^inclination,^plan arity,

roughness,^coating,^strength.

Particular^ General

ti
z

r c
. o
o -P

CC MIC
.

-t t
a,
-

cx
(.,0
,r

_J

-

'II?.

----crr
..)

x

,
-
z

0
a j

I--
( 1)
!_i_l
I--

F—
0

Z

0

0w
ou
i-0Z

—

..
-

1^---

-2-
--

3 -
-
-

L -

5

- o

2
ccou
t-
_-

NOT^CORED

EW

__ _

SW

7//
/,

-
-

—

-
-

—
___
-__
—
-
-___
-
-
—_
-
—_
—

-_
_—
_
_

—
-_
-__
__
—_
-

—-_
___
-
—_
_
-

_

-

I

I

NOT^CORED

^_ _^

SOIL PROPERTIES

0

-
-
_

-

-
-

-
--_
-
-_
-_
_
_
-
-
-
_

_—
-

-___
—
_
_

-_
_
-_
-
___
-

-_
-
--
-_
:
_

4 -
-
--
-

-

3 -

-
-

6 - <

:
7 __

Core
10, EW^DACITE0

Clc....a.yey _sand 40^%allay
-^Sc -CL. 080 _.. '1

A l■

60 _L._
(c-re

0NJA

0 o
8

_

10-

-
11-

-
-12-
-

14-

16

-
17-

---

-19-_
-
-

z13-

...:.
066—

an
9 -3V-4-

0-'<,1<

D
..1)
CCou
F-

100

- w

-z

c-.)
ccou
I-u0

NOT^CORED

_^____^ _

NOT CORED

15-
-V

A
:>

18—_,/\

\--\ ,'1 v
2 ....

' ANp 1
NL

>

> >,i..\I
/1

N

DACITE
Pale^grey , v., i+1-1

-Feldspal^phznocrysfs-.4-c,;r,ed
90 ct, --9'6-ofE° 1,z5u9

7 c.-= -3 °—1E1.4- 1-04 sea.m.^-2-4- 0^cy
SOnl e GO.-10.^E 2 ^E_^. o.c...,^pints^w;+k cicv.^E L 'I-1 .3

--J 0- u >
2 g^• --, ,..,:)..,^„^_,..,
o °J P °).-t"Wavy^vert-icc.4 juirris^----11' ci...> 73',43,

....^+ 4-50^So■nt.^`A-n is`S a-
id CP5^-,/ .5
A^- 
'1^ _ -7- c`_::5

.- 90. ,oli-1 .1-^E 3 0 6 ^,
E t .',;

4.,-' E g c_ 4-s° joi'n-is..^CI' 3f 5 crl

HW EU

95

pink^especialiy
i^5.^C OLUCkl-J1-7_ -n ZOne^O
epidcrl-e^veining. quar5z
phenocrysfs^.31dssy and
up to^S nyn.

40 SW

100 25

l'IVJ

SW

—
FS

7_
lrf

0

60

Drill^type MD_LE^
Feed _Hy d raulic
Core^barrel^type^WILL 1..ilin_

Itit,IL _tilitC 1,t_t_..1..1_1t_ irxilL.0 _

Driller^aliart e _Li_..W... _,_

Commenced 1_7,75 ^

Completed LI '1 7 7 E ^
Logged^by RA.LAN r; _ _ _
Vertical^scale^L.-TO _E_, 411_ _

Weathering^ Water Core^Photograph Negative^No

Depth (m)^Black 8, White^Colour

/5574/6/1470 /of 2

Fr^- Fresh

SW - Slightly^weathered

MW- Moderately^weathered

HW - Highly^weathered

EW - Extremely^weathered

Notes :

Bedding^a^Joint^Planes - Angles^ore^measured

ft^Water^Pressure^Tests - Values in^lugeons^should

sheets.^Test^sections^are^indicated^by^blacked^in

V

<

1
relative

strips.

10^Oct.^73^water level^date^shown

Water^inflow

Partial^drilling^water^loss

Complete^drilling^water^loss

to a^plane^normal^to the core^axis.

be^read^in^conjunction^with computation

M(Pf)22I



I

I

I

1

I

I
I

I

1

,---

i
.0

z:
D—
I

1

I

I

I

PROJEC T _GINNINDERRA _ _5 EYVF_R _ _T_UN NEL_^BUREAU^OF MINERL^RESOURCES, LocArioN At statayt _71.00_ on_ centreline_e_ 'tunnel^
GEOLOGY^&^GEOPHYSICS

ANGLE FROM HORIZONTAL ( 0 ) _ 90^.. DIRECTION.^.^—
GEOLOGICAL^LOG OF^DRILL^HOLE^COORDINATES .E. 1989_16_ N_6_12225^ R.L. OF COLLAR^55 6'8171.

HOLE NOAG5i
4

SHE E T 2_ OF 2
(trilling^tntormotton Rock^Substance^ Rock^Moss^Detects

7.E
I.

a"^t.^t
3

Pressure

Is 11 1^*

(Wagons)

o^"1"'--,.^xt
°^it

80^I.

- 0

i,
-
E_..

f-

cr•^'o^t`-^..5
1^r.

8 2

Substance^description

rock^tylOIV^graln^charoc Whines

colour, structure, minor^component

0

. arcc

.
.E
2
13,x

Is^(50)^spacing

(MPa)^(cm)

in^I,^00.--.9,_..^000._, ro2ct
0

liN ex

Strength^Detect
Defect^description

thickness,^tiOlt,^Inclination,^planorit y,

roughnete,^coating,^strength.

Particular^ General

z
.
o o

c
o
o

U
-I
2z

---

100

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

< )

\ ' I An.
--..,

> v

A'77

>V

/1
>

>4,7

V
A

7L
>v

A-f
7‘...

7V

.1VA
V
<>
VA
A

-7Z.

V

A -7
-71.,..

V

DAME - pale 5r.y.
CommOnFy^Nvi41 pink sfainecl
felidspo.r- • pllencycnis}1
especiativ^,:ri zwie s.^E,c-

eclofe wuntra. .9,par-ft^pi
Qusarmi-t,.. p■,,,,,,,,,• ,..7 s.4„,,,j up

Crenerox y ve .ty sNrr-1,32.0n. s

°a 'noEi+„"zorn.7;1'.,i,;`"^
o

'3 .

60

80
_

FS

....>V
III

o,
•"or,: co
g ^ -3.Q 1
.4- A u

.c.^.X .o. - -a

6-4^E---)0,
>,z c) ?--_,^,..,'^...a

.2.°?■ 4- cn
bor, 0a c

...- o 0-4- >

()Jo:8

4;F: t^4 i-ci -r^o'c

_
-

it.

100

_—_-,

1,00

_
_
_
-_
_
_
__

—
-
-
-
_
._
_

--,
_
_
_
--
.
-_
-3
-

=

__
-
-
-
-_
_
_
_
_
-

—

_
_

-
-
-
-
-
-

80
,===3:13=

100 50

40100

100 111100

C‘• •■..t

-..../.
.-...1.

100
1
I

1
R 

1
I
#1 11
0 gi
$^110 1.
P^1

70

:
Fc)'") 0es+^.-

u
"V79.6.., CL-CL
-a D ooEo

cc'^73
-9 Z.:1? -8--

^3 ^3 I

•---)^3
^- L ^>--

Q1 064 .cg
7 E-4-c.r

^>-- ^to^.
-1,a E ii
0 E El -3

^5 a ^ell
cn ,--E
•=1 A d '''cu,„,

.'3^o ^C.)

QC13-1:3

^E C^Ckl
V) ...,..

^

ar•^
_co^-0

..0 Ln .5)C
t 4 6

1•^00 . 95

—

100

C.'

r--.

100 30

10 0 95

—

.
100 40

10 0 75
flu.
1E1
r

I

I

END OF^HOLE^3983rr -
__
_
_
__
_
_
---

I Drill type^M ( )LE

Feed^Hydraulic^. _
Core^barrel^type^MALL...v.1db

_1,02 __ttAtac _A,, '/4_1 t^fl.ixer...

Driller^9. Harte.(D_HC) _ _
Commenced 2/71 7_5 ^

Completed 16./2/75 ^
Logged byRA.LANG^
Vertical^scale 1C0-1:r..11ln. — .

_

Weathering

F'r^- Fresh

SW - Slightly^weathered

MW- Moderately^weathered

H titi - Highly^weathered

E W - E kfremely^weathered

Notes :

Bedding^& Joint^Plones - Angles^are measured

*^Water^Pressure^Tests - Values in^iugeons^should

sheets.^Test^sections^ore^indicated^by^blacked^in

Water

V

relative

strips.

.

^

Oct.^73^water level^date^showni Ow^fi

Portia)^drilling^water^loss

Complete^drilling^water loss

to a^plane normal to the core outs.

be^read^in^conjunction^with computation

Core^Photograph^Negative^No

Depth (m)^Black a White^Colour

..^_^_^.^.^_^_

1.5"5/4/61/470 2of2
M(Pf) 221



1

1

1

1

BUREAU^OF^MINERAL^RESOURCES,
'PROJECT GLNN iNCIE 8 RA_ _ _SEWER_ _ TUNNEL^
LOCATION At _chainage.. 210 .311_(shat t _.ai te.)_ on_ connec,ton _ to. _^HOLE NO .G 57_ _

GEOLOGY B GEOPHYSICS^ 5ex_iting _ Be lc_onnen. _Sewer_ near _Belconoen _Polut Ion _Control. _Centre
ANGLE FROM HORIZONTAL (0) _ ..s.a. _ _^_ _^DIRECTION ^-^

GEOLOGICAL^LOG OF^DRILL^HOLE^COORDINATES E__1991/40_ _N 612425^ R.L. OF COLLAR SE 7.2in_ _ _ _^SHEET _1 _ OF_ 2 _

Drilling^Information^Rock^SubstonCe^ Rock^Mass^Detects

OP^e*'^o^_

....5^■2-^La^ta^ CC^;^0^0,9
..f.^.^test*^as^il:^-^=^•^rock^type!^groin^characteristics^0^,c^,MPal^(cm)^thickn•ss,^type,^Inclination,^plan^.
2^,-)^(lupoomi)^:.-a^COlOur, Structure, minor^compon.n)s. a°̂ roughness, coating,^strength.^cc

Pressure^.''^.^Substance^description^.6^
Strength^beSisct^ 6ii.,,ta^r,^w^ cw^ zIs^(50)^spacing^Defect^description

,^ x carity,^. 0

o 00_,n,-^a,,,-,n-rn^Particular^General^O
o..=

'

(/)^25

Mot'^t•fol-

SANDY CLAY^FILL

50^ 0

Cored^Coned

Soil

^

4^vv^ 0^ ---•

...--^smaler in d-ark^or‘eS.^65 -^IA^_Joints G.+ 30. ed 60 . ^a cs,

^

.^0.nd^e..x+1-CIFnely^Siron3,^ .4 8 t

1...\\J>^ FS^ -^c -i-^L. 7-11

^

11^ 85^ pprox .^‘fc.4'.^x.^-

1....1^ 100^00

*.i.^ .^ '4' 7.-e, V'^-4.-

^

Loss^ -‘1'

^

V<^ SOIL^PROPERTIES^-0

^

A^ Easily e ,ccaya4-able^by^.

^

Z,^ Or^
.C...gsre dos. jo■;-r+vd.^73T i 1^.-. c' 2

^

v^ wn i-Irmim co.icie^c2 2 )-3.-^.•

..._■...--.^Pink -Feldspar^Cr) zones^of-^C^2-jain+ sets ar le' er.....1-1 5:1^-1.1

by back -hoe .^._ .

;

V i`^ FW

len^ 0

^

UJ^loci^560^r-AGL,^ P

,./k. \Aided DACITE itanimbrAe^I

111'...^7•1^Mostly poste CiM y^bu4 some

^

Z^
7^>.--^/4 Mvariz. phenoctis4s up n4o

^

8^,..-. ,^1.^- epiclofe veinins.^SW
■.---^ode is varema_ly^hard -a-

^

100^9^\IA<^ 95^4

^

I^ 4.^ ilro^ c .-^•

^

100^
L^'-i<, 'Dark irey^1:r.si,{

so- 3.^

F--^
1

Ca^-90^L.<^ 0^
mechanical shove, of

1.1.1^-^-7v^ 0^ 0

.......

100^6^.;..--.--^tr,^plo.c_es.

z......
/ .

L.10 \ -1

^

Hy^ 1.) 3
co. ....ri•i.^(itmori:4-•
I ern^NW Scorn o..4* ^t ..st 4ro °,,,/ -^j

6e-Te^wd^d . g '^.li c i 7--^4

^

80^SW^g^fl,...,,,,,„.,,,_ Tkp,t koLAts^E S .., „, .t o^,

^

g^'ore. pen?^:".e../.3.thnt.se49^. 9- c ,

l'...^
\I

^

ar/^,,-;„...^-fvfF or -Clow^with banct(r9

/...^narrot..^banffs^or dark^4o^ ir. n

^

0^,,\/^ray•^ F S^;^(Koced t=-441c.,,,),^.■..A.10%^tf,,.„-cs .0

100^
...v.^en^set^I iplibl+^cey^Laes,^ n^-51^

'Ls Fat-v.11cl it Pc, A bwoods.1.1^Z -^t,^.
"ICJ wm Fv\I sewn beinecn .

0^60' iS.fpC+ced^'ICY c ns .^E' .: 21-3.-'y^,...`^.^v.)

c ts--^n s- vs-g

04^ 540:Med- 2_ I ionian4e. ...io 4,^0 e-0,..,4^•
libir=riS a+ Go'sfazed loo-A.^It, _^t_ d ,,-,

1 I^

7jo
''s-cm E

iehs ch 0° & 60'.
El...)easm^°I,...^f-I ‘c;^1

I^21; £44;^.v^a.^‘0 0 , .. :
ElL.)

ME^
I^seo.L ci,s,,.. +10.+-^4^s'^El ' '

...1^93^
.,,

Z^ -/

100^A^ 90^ 2. linvoyme sfained^E

V

/„.„,,.....

--cw--

100,_, ^ 100 

A)^ 90_

^101^_, 3-oink al- ofprOx 30'I 

...-c,^-6.,^19^ IP^
Lu

dart sand • '^..“
-,-^- 3^2D^. CL.^ei

j pcuo-1142.1 413 banding,

.4^spaced^2o cra .
limor‘si-e st-ncmed,

LI:

i^sio,ms o.4 30.- 4.S.s.pclc.c.e 

^

,04-,7 t'^.
>-

00o-

-^d^-.1

^

..Es.6tR^1
_C^•

-e"
c3=-,.c

___,P.1( .4* \,e.NISoi 45.-46 - "' 0 E ''s

vdo ,-

^

73^0

Cn

1
_

^

i^E

.•-
c.,

e.,•

-

in^13^V<^Flow bandit-9 ,dlo °pro x .^C,^ .7....^-1-

,^,^14^1.--;
TO

41,^\ A^•^S` 
m^100^ 4<^ $^

E.,--J,

D^100^15^( \\"<
3^Z^ 01^.2 ern^..../(-fk^lo.,,,,^cloy
0^1^ 00^ccoc..ie .^'^/--) w E -4^'
.c^ F
in^-^ 85^00^2.. Su-sts.^.4 52* spo.ced^cy-;-'.?) •;^.

I--,^CD^AV^ F5^Ø11^f ern ,...,.-tk catci4e dVmani4.e c^• ...1..--)^•

a:^(V)A<, Flow bo.ndins , dip 01)1pros-^100^ E10016^t.,^30' - 3S• .^ Ili^ . , .c

(-1^
'1 -1

5^100^17^iv>^ 100^11^ ›..

•-^18^> >
s^ 01

100^\^ 00

U'
L..^o^1^ .  

TZt^cn^-...._,^ 80^el^ coal
cs^C^ no, parolle lo boodir.3^.,, >,-^0 0

L.^c^L-7^ •^IoinIrs 0.4^3.0' paTo.tte I 4,4^E
c^cl^100^V>^ 93^ lomr,clinoe s.pc.cecl^ao,

Can ^barrel^type^_Nr11._C_ \Vitt^SW - Slightly^weathered

Completed 20/ 8/75  ^Notes'
_

()nil^type^_ MaLE^ Weathering^ Water^ Core^Photograph Negative^Na

+roe _{-„,be_t4 s.puf_ mrxt^PAW- Moderately weathered^ .
Driller^B_Har_te_ CDH_C__ _^H W - Highly^weathered^<^Partial^drIlling^water loss
Commenced^9/8/75 ^EW- Extremely^weathered^II^Complete drilling water loss

Lagged^by PA LANG^_ _^Bedding^a Joint^Planes - Angles are measured relative to a plane normal to the core axis_
Is^Water^Pressure^Tests - Values in^lugeons^should be read^in conjunction with computation

Vertical^scale^1Cin gi En _ . _^Sheets.^Test^sections are indicated^by blacked in stripe.^ /5574/61/47/^-1.012-

Feed^Hy_dra ILI i_c ^Fr^- Fresh^ V^10^Oct.^ 73^water level^dote^shown^Depth (m)^Black a White^Colour
Water inflow

-

-



pRoJecT _GI NNINDERR A _ _ SEW E R _
BUREAU OF MINERAL^RESOURCES,

Locarlor4 At _chai nage _ 210 .311 (_shaf
GEOLOGY^8,^GEOPHYSICS^ ex 1 5ttn.; Be Lconiten _Spg„er near

ANGLE FROM HORIZONTAL (e) _T,../^.^_
GEOLOGICAL^LOG OF DRILL^HOLE coontriATEs E_ 13914 0 _ _N 612425 .

Ti..IN N.F_L ^
t site). on . connection_ to _ _ _
Belconnen Potu t ion Control.

DIRECTION^—
_ _ _ R.L. OF COLLAR^5572_M_ _ _ _

HOLE NO G5T
• -

Centre,^5

SHEET 2^OF 2

Drilling^Information Rock^Substance Rock^Mass^Defects

I

'

s--t^3

Pressure

test^it

liugeonst

4,^s
0ei^•

I,

E..... _^ei
c

6 05

r,

- Substance^description

rock^type:^groin^charocteristics
,colour,^structure, cnmor^c omponms

ca

....-.
CC
(),.

;
it
c

y,
3

Strength
h,^(50)

(MPal

"" -,1,-,o
- •L)00_,,-

Defect

spacing

(cm)

u^0
0^0°00rn_in_ro

Defect^description

11,1ck"Ilkl,^IYPII,^Inclination,^planarity,

0^r °wen I 611,^Coaling,^strength

Particular^ General

Z'

f, ix
0 ;.--
ft ,

o
0

• --I

2
z

SEE

ABOVE

100

-
-

21-
.
.3

22- END

NIi• v
A

•.--..
\
-..

(..)

DA UT E as abo,e .
tr itaiHrle -tro me cliurct ore^ebecoysfin3
d cs'ylke r.^Is e low^21) I'm .^-se ssse_
o ink -fekitpar^below 21rn6 

0-1*Mq 0-1 cm>prc> ,<. 10 - 35 . .

--- -

.Erri-

Fs
10

10
6

A
OF^HOLE^21•7m

Rockmoss.
o.4^olsisk,+
Spaced^Ins.
to _.,.,...„,
tyrserestley

___caltAt .

•

is very si-rxwnos .nh
30' ( tscrl- paeo:flel -1-0

sxbove /In
.1m.e.^zi..... sv,-4-...,e,bet

reu5Vt & 4.ic±4.
.^_

mottly

I....1 I nt3 )
tpcs.ced

wisA,^1-1,,,,

en
I _

(-4 _
-

_
__
_
_
_
_
_
_
_
_
_
__
__
__
_
...
_
_
_
_
_
_
_
_
_
_
_
__
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
__
_
__
_
_
_
_
_
_
_
_
_
__
_

100
4,,
iuu

JAct____

MO MO

I

-

Drill^type MOLE 
Feed Hydraulic
Core^barrel^type^Nrti_c 2.4.4._

zi-riple Ake_ & _so E inne c _
Driller B,Har_te_(D_HC)_ _
Commenced 9 ./ Bil 5^
Completed 20 /8.175^
Logged by RA L A_NG _ _ _ -
Vertical^scale kill r- i tn.- - -

Weatl_L_tern

Fr^— Fresh

S W — Slightly^weathered

MW— Moderately weathered

HW — Highly^weathered

E W — Extremely^weathered

Notes:

Bedding^a^Joint^Planes — Angles^are measured

*^Water^Pressure^Tests — Values in^lugeons^should

sheets.^Teel^sections^are Indicated^by^blocked in

Water

10^Oct.' 73^water level^dais^shown

Water^inflow

Partial^drilling^water^loss

Complete^drilling^water loss

to a plane normal to the core axis.

be^read^in^conjunction^with computation

Core^Photograph Negative^No

Depth (m/^Black a White^Colo,

/5-5/4/137/ 47/ 202

Ile

<

4

relative

strips.

e(0 991



PROJECT^GIMihiUtirtErtAlls^l elae #. 1-Qt._4(LlE.1.-
BUREAU^OF^MINERAL^RESOURCES,
GEOLOGY^&^GEOPHYSICS^ _ I, N TL., 1414e.. 1.-• _ c41- A:r _ STr.1._ _13+1o0 res^

ANGLE FROM HORIZONTAL (e).^".* 4S... ^ _ DIRECTION 203te_Owi(1.1 to
GEOLOGICAL^LOG^OF^DRILL^HOLE^CO-ORDINATES e- 19B BM _Nis11S7 ^R L OF COLLAR ^54.4 in_ _

HOLE NO 

SG T 6
SHEET_^I^OF 2.

Drdilng^Informal on Rock^Substooce^ Rock^Mass^Detec's

-8
I

2
is^75
0

.■^*^ ,

3
41 17,^..
rt .:-.^.:3.

ti
o^fet
'13^-
z--^'2.'
-0 8

—
F
?

''.E•
A

clt

--'^t'O
6- „3

Substance descriptiOn

rock^type^grain^characteristics

 structure, minor CoMponents

.., .
p
13

-2^l'^Defect
x r A^_ - __. ^g

-.^ ,'^
Spacin

^5 ^(cm )
c? 7; 22

^,00g^o 0
^o -,..-a--^,00-9,02

°
00

ir

^

Defect^ ptiont^descri

m)^ thickness,^type,^ciinatiao,^plana ri t y ,

streng th .roughness,^coaling,^streng

Particular^ General

oi)
Z >

,rv5 ii,
c -E0 -L,-

LLI

J
0
Si

V

0
st

____

...)
-1
.£
2.

LI
r

IA.
I
*
I
/

0

...
...

a .
I.

1

A
to
I-...
ill

I-
0
2

_

-
I-

_
-.

Z -

_

_
io -

-•
-

1 -

_
e -

-
"

9 -

_
to -

_
11^-

12 —

-

i4 --

II, -

--
-

17 -

-
I B -

-
-

its

8019:

P.) 07

CO C:ILE.1)

ti

4
„LI_

3

-r

3 -

4

-

-

4.5 en

.

-
-
-
-
-
-
-.

-

.
-
.

_
_

.
_
_

-
-
-
-
....
_

95 4

i•
,

)os,

Gat:414 ITE PO RP i41 Wf
Liglit blvt -9 ray
t..., kart fre3 II

4W
anal

a 0

NW"

Ror-k. dwell

...70%....1. c...3riocas ofk.csi

°cos le. ...<4. •

A4- Ico_st' Selo cA- cote

I S frau3beieul.te.cl .

!Lock vvto-ts^t.....tv_o-kc..

-
-
_

_
_
-
-
-
-

-
-

_
_
-
—

-
_

_
 -

-

_
_
_
_
-
-

_.
_

_
_
-
-
-

10°

-N_.--

IOU

80

13 - tost

95

IS' 76-7u-
I 0 0

3

7'"
..)I-....
o
Z

ft.e.c_kc c-tos.ell jc:......4e_ci.

Coc.e fro.cirtatemi

12...k^14,0k, t^le.. L e
exv•cl^-fc....% Hy v•rao-10..

Tricky teloost Cock^fccacjime«.41

mos4-ty hard oncl sfroen.

80
f

4

.4

4

100

100
I 0

1 oo

080

0100

Drill type _ _CA-NSAJUS_ _ ^_

Feed ^144 0 "kJ" r-
Core barrel type_ _NitiLt.- 
. Tri._r ie^4%., Ile_ ^_
Driller_ _ 1.14_C-'^ _

Commenced^

Completed ^_^_^. ____

_Logged by_ D. c-- force14^_
Vertical scale IC.06^_ l_m__ _ _

Weathering

Fr - Fresh

SW- Slightly weathered

MW- Moderately weathered

NW -Highly weathered

LW- Extremely weathered

Notes

Geddmg^a^Joint Planes - Angles are measured relattve to a plane normal

0^Water Pressure Tests -^Values in lugeons^should be read in can

Water mf ow

water

10^Oct^ 73^water level date Shown

l

Partial^Oohing water loss

Complete^drilling water lOss

to the core^aius 

unction with^computation sheets

Core Photograph Negative No

Depth (rh)^Black 8 White^Colour

.
/3-37,4-/e/A293 lot?



PRO ,LC1^G,ItvgoaticactA sewe*. lus■Likmi.-
BUREAU^OF^MINERAL^RESOURCES,^Loczt -noN
GEOLOGY^B^GEOPHYSICS^ DA4 Turoat- cit. At

ANGLE FPOM NORtZONIAL (€)1^'"' 4S 6^DIRECTION^202 • Or rio)

GEOLOGICAL^LOG^OF^DRILL^HOLE^CO ORDINATES E. 1 8 ^ocols73^R L OF COLLAR 550(1- • 4 rot

HOLE NO

GST 6
SHEET 2^0F 2

Drot no^int ormotton Ho, I%^Sonstonae^ Wk^Moat,^I ete, s

r-7

E^^..

(-,

t ,

.3^rS,

Ct i 2_

>

0:1

1 :6,

.:--

—
f-
g

,..;,'g

'2 w
§ O
,;,:,_,•'

S ubstance^oesurralkon

'00, 'VPe^ora■n oaracter cons

cOrour,^Structure, ',II,Co,vone•-•',

a,
i
f,
•'''

'^I;t6^Defer,
8 . >_^. ^5paC■oq

Z Fs7 2^(crr,)
S.'^-,-;-, 1"
rna-d0°^,Q 8

0
0
'

netect^de^Pt. , 'm;

thtakness,^type,^Inalinotton,^pionardy,

rourness,^cout,g,^st.ength

Generot

0 — ,
r a9-:-

J
J

1

4r..
7_T.;

"B"
_ I

t
a4

C
. 1

3
a

I
d

100

4

2 1

22

2

24

f.

-F

4

Cerls2NreE roft11.1•101.4

SW

as ii
MW

I.

•

-

I
e

..

-

4-

A 3 COD ebvit. ,^Atm.,/

11 uuulosi.i k- Q.^tfativalet 4...bove.

2_,Fs.,.^goe....k.^closets(

.., cp .int e cl ot.Act froLthureci

Col si4-a. vits1

12*-104-.1^24 .4., tine cocb. is

+ithi-e.r aonal 114a :101 vAs

(neve rb4os+1I slickeedided.

go c.-k. SOKO. f 1 IN e.a.k .

30

o

_
_
_

-

-4
To-
r :

.

_
-
-
-

_

_

-

..----.1-"s

1-57—).
10 co

Faxoot 3

too

Rt.

40

2.

2:7

28

29

3

31

32

33

s s0

q 5

4

-1- At o.loovt. Sewe

frot.t.{uees^o....precce ott-qt.

1101.CWC11.4 -

R.c.c.k ...wary re.i.mew4r veaza.k.

-

Matfi

4 -_
_

Same-

5 -_
_
_
_
-
-
_
-
-
-

-
-,

90

Bo
to

V)

_____

Oil

+

0
LosS0

-.
70

Tlai , sic-4 so vs o f cc, re_-........•

040-.5,;....e.ct fre,......

ba it wout41;usr.There.rcore
c.j+fue..i.Jet.^obto.t .nci

10
?

Note .-^To.A.Kel crow"

+WI hole....

e.140 or 140LE 33.Owt

Kai- reracke4.....64{..

-.,

_
.

-
_
_
-
_
-
_
-

_
_

._
-
_
-

._
_
_
_

D,^type _ C-Ri‘tek—IV $^_ _ _

Feed_ _^I4si 01.1.fk.Y '-'I C-
Core Porre , type^NJ-% 1.-c-

Dtttler ,^_0HC.......(kirokelte,3_
Commenced . ^

Completed_

Logded b y^Dc-Aarcgil
Ve, cal state^I ttS4 .. I. We^_ _^_

. rriwriie. _ +P_^_^_ - - —

We vheong

Fr^- Fresh

SW- SIttrtly weathered

Mw - Moderately wet:One-ea

HAI - H■ghly weathered

E W- extremel y weothet ad

Notes.

EledioN^fil^Jo,r^Planes^—^And es ore -neoSu , ed revive lo o plane norm]

s-^Water Pressure Tests —^Values , n lugeons^should be read in conpontion

A_at_t

/0^Oct^. 73^wafer level dote^shown

Waler^tnflow

Portiol^dhlting worer loSs

Complete^drolling wore , tOss

/ to the core as s

with cornputabon sheets

Core Photoo,aph heaot,e No

Depth (ml^&oaf. ta Wlile^Colour

^

_^_ _ _

ISS- 14/61/4 9J' - 2of- 2



PROJECT G1NNINDERRA SEWER T.UN NEL
BUREAU OF MINERAL^RESOURCES, (

LocAT:oN .Af _ 5 44r_r_g._, _it et_ weAt of ce-xiire-^lime ^_O ^7..1,104 _at _ _
GEOLOGY^Si^GEOPHYSICS^ stol-iepi _ 17+ 42..  ^6^ ..-.

ANGLE FROM HORIZONTAL ce) _^'3Q ^ DIRECTION^

GEOLOGICAL^LOG OF DRILL^HOLE^COORDINATES 4 Vtg,75_7_j ti 6Y2?-5^ R.L. OF COLLAR _56320  i'll

NO GS-T-

7

1^3SHEET_ _ _ OF_ _ _

Drilling^Information Rock^Substance^ Rock^Mass^Defects

,

2

f.^='-c,

c'^3

Pressure

test^*

llugeOns)

A'

as^E.'

•

•-•
1-•
.E.

fa•

2

1^"'

isu
i.
0 es

Substance^description^'

rock^type ^grain^characteristics

Colour, structure, minor^components.

CI

Cr

ef
.f,
.:

 -

Strength^Detect
is^(50)^spacing

(MPG)^(Cm)

rn
...00.7^0^o00^.)^,0

000:oh° inc'r,2r,

Detect^description

thickness,^type,^Inclination,^planarity,

roughnees,^coating,^strength

Particular^ General

.. c
u o
0 z
cc ii

u

___

.../

Z

•
4

a

.;

s

in
W

(1)

0

ao -

4.

-

-

-
..

2 -

-----CLAY ora-i 3. yelio,^4-0 pi:110

v-ey^, 1.4,^p l.sHc...ii l

7
/
/
/
/
/

/

/
.

l

4.

.
c
Ts,

"

-,
...)

1

ti.

,7,.

a,
.c

12
Z:

.

clo3

..
-
-
-.
-
-
.
_
_
_
-
-
_
-
-
-
.,
_

--
-
-
-
-

-
.

- 

-

100

.
-

7 ..-

._

---7

_

-
1 0 .

1 1

-
-
-

12 -
_
.

13 -
'

14 -

15 -

16 -

17 -

187v.

19

20

",....,

TI T-

--

...-.7

.t--

--.....:

-

-7

_

- -_

T- . :•..

-^•^••

:^:^- ..^,.•^•-

• ...
I.^.•:^.
:'

_......_

- --^_
--.- -.
- -

= =
:-

..:-.^--:
- -

---

SHALE^Ja.k^beowm 0 FM-

MW

Rea. /nails^;$^..., e434.^4.4.^445 14.

Def gal^am.^mainly bede1;05 plo-t+e-s.
Th•s0^at.s^spaced(^1....^io^5,.„, b.,4

-2 c., ,^70 .- to' i4s
3.-e^also^prese•It^a...1^s.”•,. old, ...s
seated^olotsm^40^ic..... 3 . Rock
koceAlet^proiealslij^fra.3 magi.^te

letIvel^sLke^On^ktidisW....^3....-d-s
0 bedal1n5^p(anes 5e.y. sits.i..-ei
iwifis^linseni4e .^Roc k is c6j,3
14^So'(^areas,^Sevaral^,(0,3
sears. $^A.^elasjey^2 0,,es.

All joi.145 4 bed:1'n^laAes
DPI ea.-^4titt •

^, 5 p

too

la,"“'naLl-ed^from 0.5mm to 10.0..

Some 44.4, beds 4 ...4....5 o
Sa•Ncisi'efie^■4 e io^3c*Y.^tkck(10i)

-.41-r7^

4... 1eclal;n5^dies OprOf .^O.

Sof +^weak

mainlj^TUFFAC EOUS

SANDSTONE (sox) ^.
+W., beck 4

1.,4-..ctas45^..4^s h,,Ia.

a o4Mod.^Mod weakI

/00

30

20

w .----
.J.4,11

MW

Flock...“^is strawser +hex., alcove
4 ;"'1 (troves^toiI4,^deft& Defec4

sec....5^.:^........ ..,;0.0c.
Gecicibie^ple.e 3^i0 scw.dsly.me
icis^c.o.'s...on^4^$ 1'0 "5er^°IA.',...,^+'i(......(,,,,,,^,i...1. Defos

•"'"■.1(.3

.
-

_

_
-

-_,
_
_-
-
-
-
-
-

1 -
-
_
-
_

I00

8
Z -

I"-Tmr-
/00 40

50

 50

^

 jov11-3 44-^60•...efo •--f-,...,^is.d^ci.;4(^in &A ce ,'^f■ack,..-e s
c 1,-1^c..4^o -.2o'.^Several^clay
'C -

seo...we^4.^cl^naye y^zonesI -5c.....
.r. Ja^v-i'aa^spaced^,zo,, _ I,
vi^E^,.

..;^) a ,,,, 1- s^Ktifk^11'nt ont-.ie_
2 cu^4,c,.•^.
: C^

9

.-0.-
a t

Fs

1" 0.4113 SHALE^Blac k

(:)..le^thin^beets^of T.ffaLectics I

scone^n^ fksioa (clacitti^crjstal^4...1

oryymt+e)

^I-ici.-cl .^Mod^wecik

/00

/00

/00

v v
:^•^•

v v
_^.^.

v v
.^•^.

v v

..^.

.
v

. -
- -_ -

-- --
. -
- -

' -

DACI TE . cnitial 4.uff aftniie

,,,,,; 4-k^soave.^;rick+ eiows^cu.scl

;,4.,..1c. ins+,^4^b 1 4,....4,^skole

FR

Rock^•ta..Ss v eel Sl -rons .

C0.44.0-0,44^s44c k$^of co.-e
...^4-0^2...1 .^V ersj^fewP
j(5.^50., c.^jts^near^fop,

on'e.-11-etk-cl^c...f- be; ,.., eo. k (I
cenn e.nfect^..00.11^fouicley-L3

e...■ a+ c. .^s 6., e_^ria;.,^c4A ciic.
ve......,^( ( -- \̂ AA- 650

-
-
_
_
-
_
-
_
_
-.
-

.

_
-
_
_
-
_
-

90

-

/

100

v e..•^hard .^V erci^s from 5
98

100 i 9t

SHALE^'Nock ^I a.,...;,41-ed, I^
-.54... cL...., sx..,,^dem^cei..-A.-tce-3^frac 4-wes6....,..-..i

kon 3 ,:,...1-0.t ,^3pc. cal
0.5- 40 cotS . 8c.d.ctiAc,
P1.-^es^4. jt-s^,,e...,,^-
4-(31/44-^-, 51,-...3.^v.......,
Coo ri(s.4-Lo-ol ..0-s•

100

bui-^becili.15^plasies^4-13h +
4.SCI^$4,0•15 ,^d‘^a^r x^p ^approx. 5°

Hard . Mod. 5 fro n 9 85

Drill^type^.^_t.10 !-'..^..^_

Feed^_^1 4 .3c.iraLtlic

Care^barrel^type^.N.. 6_11,-_C___

^pla i-ube. E. sp(,4.^;Rmer fube.

Driller^001_ _Oar fe _L0_)__L0_)_

Commenced _..q1/5',/7_5_

Completed ^7/6/76 

Logged^by _ ^P. Lang 
Vertical^scale^J...c.r_ 1----_ Ill- -

Weathering

Fr^- Fresh

SW - Slightly^weathered

PAW- Moderately weathered

HW - Highly^weathered

EW- Extremely^weathered

Notes:

Bedding^a Joint^Planes - Angles^are measured

*^Water^Pressure^Tests - values in^lug eons^should

sheets.^Test^sections^are indicated^by blocked in

Water

V

relative

strips.

Oct.^73^water level^date^shown100^ii

Partial^drilling^water^loss

Complete^drillin g^water toss

to a^plane^normal^to the core^axis.

be^read^in^conjunction^with computation

Core^Photograph Negative^No

Depth (nil^Black Pi While^Colour

/55711/6/1472 loi3 '

1
1

WW1', 9r



PROJECT _OI_NNIAD ERR A^SEWER^TUNNEL^
BUREAU^OF^MINERAL^RESOURCES,^ SPT^CA/ est of cenfee^Uri^OfLocatioN^At^HA^2. ^4 en^ e^ri.A.1,1 CI ^at 
GEOLOGY^&^GEOPHYSICS^ ...7f-a f- ^_ 1 71.12^ - _ - _

ANGLE FROM HORIZONTAL (0) _ _^- /0 3^DIRECTION^—
GEDL_OGICAL^LOG OF^DRILL^HOLE^cooRoINATisE I q 8,75- 7 „; A ‘ 11,225-^R L^OF COLLAR^66• C"-1

HOLE N005T_

7

smFil 2^o s 3

Dr Ring^Information Rock^SubetanCe^ Rock^Mass^Detects

£
G■
2

O telt^te

(lugeons)

Pressur•
°d5^1.2

-^w

"3^''i

,p

E.,_,

f-,

i)'

x.,wz^rr,

`it^.

5^°5

SubStOace^d•scriotion

rock^type:^grain^characteristics

colour,^structure,^moor^component

0

. Gr
Ct

ev
C
t..c

li,

X

^Strength^Defect

Is^(SO)^spacing^ Detect^description

^

(MRa)^(cm)^thickn•ss,^type,^Inclination,^planarity,

el^0^0^toughness,^Coating,^strength

°-'°° o,S°000_no ,no_
.

^_ ^n_e,^Porliculor^ General

o
7

. ,
■-■^0
0 ,
C. ci

i..

■.3
...t

Z
2

0

21

22

SHALE^a5^above 85

FR

27

..4

01 IIIA10

0

0

shoic. feeci-mceci^ r41^:'

^

"IS ---^•.?".
atool beatatio3
plooeY(Marizensai)^'i "••^r^i.>

Pret50,6ii5 wvile‘tj^ etIss---.....t3 ‘::: ..
el^

1)
r,l1^■notmoceei^ r,^U t^1

•-•^i-uff .^ •.v2

^

'13^rq `+'
t■^1^•L

^- ^.1,---^e
6 °

Z.-^? ..0
Simle f.acku,e..1^ to^ti•Z 'I

reto...3^;Icel.:14.5^ u^t^t b -t
Z^h^3^.

Pk,, . 5 Oxem3onl.,st)^j^--..-

^

Z^Q^.

• L. *-- 0

^CT -J .3^C^4 4) ^.
.-..--(--;--:-.-...

.r^t^',i.,'^°^Z 
vi^----^.......-•-•-,

O-i
F^5,

^

g c)^r, --- ‘
f•-sbcf-vo-c s ast^tic 0s^C1-.3

Co.-- go'

50
—

88

/ 00

/00

oscei.sly^DAC^I TE^TUFF

Se-me^tisin^beds^in{ stic,le.
cli.^poorly^orte_cl^sa.....dsiome,
some^Oi, tr..2^c tas4 5^of 06■Ic
cEp.^ofpro,^5 °

97

80

23

24

26

28

29

30

31

32

33

34

35

36

1 0 0

/00

100

25

FR

1 a & • IS•ezt SF 0 n e^it m.-J3
11,1101^con koe4evi^s,l,.(e

ete/nCi• 4 ;n0'4040'5 95(00

60100

„^...
v v
v

%./ u

v v

v v

v v

v v

N/ V

v v

DACITE^IGNIMBRITE

TUFF 

Mechar.•^Irej. Masoive ,

beCOvainot^fine,- tawcs.etis
4op ( Fmk:2 61 y fop 4, ft..? 100- )

-

95

0

1
i
I
1

1
i
11
/I

-fr
d

s
.:.."

e -2
-0^.S

. ±, -.,
0-r-

i
2^r)
4

1s

1^'I^0...^D
ct^....,_
C^0

v
•-^1-

c.^c^0

100

100

100

100/00

—^—^—^—^—

100

NOT

ESTED /00

50

0

100

37

38

39

40

,, „

v

• '
V

•

V

.

v •

V

v v

II
.^,,^ck,„^.,,H,^,...,„ 4 ,,, , 

J04,,fs^vi.F^az° 5pc..,..d^10 - 30 cm,. a cfc.-i•
Tole,^c0-^10 . -80 - c^1; ,10/1.jC^k,',IiT UFF (05^baovc^b;^ecowiioy

• J
finer^rim eau^4- v.locc

Sarscij^4ovvavcls^3(eeri .

(frobalol j top of o Pt.?)

97/00

f ine sra,,eitini^6c.eaf.

0
^'TI ,^•71-^1^,^{

„^o^,:^,.•^i
..i^° •ts^-c^I

^'.1" ^...
1^I^'''^•^0• z1^,,t! ---O^en

''..^,..^3^CI,
0

cod-cm-es^ .7'4 o^'rosao.),(^ ••,.^....---•-•-^..i.^...Q^. a.^- ...^
•^s^•i.^s^.

/00
Or•

Drill^t ype ^MOLE 
Feed _ _kiyarcLul ic 

Core^barrel^type - IVi1 LC 

tEiPle_tu.IPa_7- Ikt iNfqr +II • -

Driller^3 - 11^H6H—te^-C)

Commenced _ 29/5175̂

Completed^_^.-75._ ^

0 logged^by^L0,19

Vertical^scale^I Crt.^:-..---^.1 1t7_ _

Weathering

Fr — Fresh^ ly

SW — Slightly weathered

MIN — Moderately weathered

i-1 W — Highly^weathered

E W — E xtremely^weathered

Notes

Bedding^a Joint^Planes — Angles^Ore measured

et^Water^Pressure^Tests —^values in^lugeone^should

sheets.^Test^sections^are^indicated^by^blacked in

Water

<

I^4

relative

strips.

10^Oct.^ 73^water level^date^shown

Water inflow

Pail^drilling^water^toss

Complete^drill ng^water^loss

to a plane normal to the core axis.

be^read^in^conjunction^with cOrnputithan

Core^Photograph Negative^No

Depth (ml^Black a White^Colour

/55 /6 1-172 2013
s IDii O O ,



1

PROJECT

LocATIoN^
A_ _ SEWER_ . . TUN.. NEL

BUREAU^OF^MINERAL^RESOURCES,^AI._ . 5HAFTA.._)_
_GINNIND_ERR 

iltri^Lo e St of^e'lf re^iine^PI' li-i"ef 
GEOLOGY^B^GEOPHYSICS Vatictpt^I 7 4-1,2^

—
ANGLE FROM HORIZONTAL (e) _ _ _ 40 •^.^.^.^_

4^—^
OIRECTION^

0GEOLOGICAL LOG OF DRILL HOLE^ SC3
COORDINATES E igiV_67 1V411 2 25.^R.L. OF COLLAR^_

ot

..-)

HOLE NOG_ST_

7

SHEET 3^OF_3

Drilling^Information Roc^Substance Rock^Mass^Detects

,..-- —
Strength Detect O

.0

g
o

.

5^;:'
0^..°

Pressure

test^*

e^.o
o

ot^,s!

!
..-oE
_

o
- 9

V^tf.,.
. o

mSubstance^description^ ..c
rock^type:^groin^characteristics^Fn^.7

Is^(50)

(MPa)

spacing

(Cm)

Defect^description

thickness,^type.^Inclination,^planarity,

z

..,^c
o o
o '..7-
cc G

X 0^''. (lugeons) :::^o

Z^ii

fa

a
Et^.
"3^°5

Crcolour, structure, minor^component .^7,
1 CC

2,0
'-'000_m_

0c,^0000
on-m-ey

0^roughness,^coating,^strength .

Particular^ General .

loo
41

v v
DACITE IGNIMBRITE TUF4-

VerY ka•el • Ver
i
,.. sikron -^5 -^

1100
FR 0:

A_
--
—

,^.
-c•^I)
al 11:4"^.---,
•kt^0.., T^0 0 

c^0 -r. .9^13^C^.
4^(;) 1^0 '11 71

-
-_2 -
-

PS 1 -
.1.VI+ --•^, ,..^0

c^o^-..^a^dn-
0 ---^3

-
-

1/4.) 0 100 42 V V
75 Ar-- - 1 ot^V>^i j';') --6

_-J 1 Verficcil^.104'a
Wavii4trre3,Alar

^It .., . ^-^C 4^-P .C.

^

1^-^U -i-^e- ot....,^...F.,^J^._^yz
2

___

43

44

v•v
;.,.‘;
s,,,
"v

••
v. v

TUFFACEOUS SANDSTONE
cr.ff^areni#e)^1 66

Pale^3rey. F ;Aft^to^...1c01:1.4•1 grda,..1

Very^‘iarci. Ve•-j^s+roog .^I

4,
;

IL-
stain.as. SOn•

- calcite.
"^,-,---73
.3 .''. -6^v^-,,-

^1Z:''' ..^I.-,^1^- ^s.)^•^VI^PI...^.:_r^•^
-'' ‘ -t^6^E °^Cc> CY^£^0cc> v' L., LI)^_c

."'^-
-
-

/00

SW -
FS

-2 _
-

EN* or^HOLE^44.10 wis
— -
.... -

45 —
-

-
..

- _
-..- -
— -
- -
-
_

-
-

— -
- _
-
_

-
-

—-
_
_

-
_

-
-

-.- _
- _
- -
-
—

-
_

- -
- -
- -
---
_

-
-

-- -
- -
—
-

-
_

- -
- -
-.-
-

-
_

.. -
- -
-.-
...

-
_

- -
- -
— -
-
-

-
_

- _

- _
- -
-

-
-

..,
-

- _

-_
-
-

-
-

-
_

- -

Droll^type^_ ^MOLE Weathering^ Water Core^Photograph Negative^No

Feed^_ _ 149 C1r4l u li Fr^— Fresh V 10^Oct. 73^water level^date^shown Death (m)^Black a White^Colour

Core^barrel type^NM 1. SW — Slightly weathered
Water inflow

thple tube z fplit inner 4(16e rAvr- Moderately^weathered

Driller^BO_ _lia"fe _.( 0 . 11-C)._ 1-IW — Highly^weathered Partial^drilling^water^loss

Commenced  29/6/75- EW — E x I remely^weathered Complete^drilling^water loss

Completed ^7/4/75 Notes:

Logged by ^P Lany Bedding^a^Joint^Planes — Angles^are^measured^relative to a plane normal to the core axis. 

it^Wafer^Pressure^Tests — Values in^lugeons^should^be read^in^conjunction^with computation

Vertical^scale^I c■r_ Fi-_-_-^br sheets.^Test^sections^are^indicated^by^blocked on^strips.
15574/0472 f6r-f

1

M(P0 221



1

1

) IECT G. ihiNtiNDEARA sekAreft_ -rummeuI^N.
BUREAU^OF^MINERAL^RESOURCES,^1.: A•tnn. 0'4 -tvuNtL c_t- Ayr rrk^IS+zo
GEOLOGY^f3^GEOPHYSICS

ANGLE FRDM HO3IZGN7AL 15'^9 0.^DiF,,c,,o,^--, _

I GEOLOGICAL^LOG^OF^DRILL^HOLE^CO-OREDNATES E 1 Atobt4:. t...I (D i tc...t'S^R L OE COLLAR 554 • 2 1.,

HOLE NO

Ci ST b
SHEET^1^Or 2,

R^S5t s'an.e ,v5^MI,^IMP,.

'E

1

2'
E

1
CS

Ce^,

,, I ''C' 2

D..

,''?^IA
, y

I

,

,''
C5 an

(ii

'''^E

a. a,
,^7,,^,

■•-,^C'00,^,g

Defect
5Parog

(I-

OC),°,90;.?,

n
o

; el.,^descr pt,or

e,y,^C ,,,Ang,^sherge,
,,,,,,■cr^ /■ene,O.

:../^...

12^r, .",
,
,.. _

1W

II

•

I

II

I
. 2

I

I

I

I
I

I I

J
J

et.

1
0

-1
X

.,= 4fiI
?
en

lc' 0:e•^,

( -I

6
2
e
S
6

LA
r_-
ri
-

a
LO
el

3
I'0
2

3

4

S

7

to

II

a

13

1-

4.

4.

+

 +

+

i

•

NOT^coge_t•

__
-

_

_

_
_,_bp

I
to

+

C.,12,AtTE Potke4N121
1-191* blue- grey
104ktek Cm/ 1.,

WW
c..14

1.114
orui
MW

0

Roc-1(^cioiely joirtilxci o..1.4ct

doiKti e.fte. crosl,e4i clari

O IA smoke. j oivvi- 4 ,, ,r{ aL ca.s .

Mott- io;.....t- sur4ozo3 Ils..o,Aifcr.
°AAA^",....LA5oavte.te^irk-ol-1., e.cl .

2.0

10

_
_

__
_
_
-
_
_

-
-
_

_
-

_
_

15

too
Iro—

o
Bo

095
sc.

Zotoo

P4W
I oo

30

10
9.S.

95

IA4
dii,....
3
X
 0
10

i
3
r:..ar

0

Rock c_roskteel awei. limo roxi

beh-we.e+i 1 v... c•AAd. tA 'AA .
Rock 144441S SAAGAILk toomt.C11 -,^1Lumovaea reo.iv.44 .

Zokt p tv3b01.1,11 0,i- air, 0 u+
4S° Crow. ',tor% 1.0 bi.t....1.

_
.
_

_
-

S _
rc' -
io -_,

_
_
-.
....
..

...,
-_.
_

too
1

95
106 1 s
95

9 ,- U.
95
gOca
95
1!•0
(0 0 I 8

1.0 19
Cloiel/ J06.4.4-exl, broktvt it.% parts 4 :

-t4o 10

..,.^Mot-E
Fero^14`f1:4-AuL4C--

_ Tr u'pk.. 4ub*-^
O. k , er^Di4C.. (.. 14_4 AO

1,0mpirme1^.

,„e / '/,^D c evecell - " e

Vet?^II bl. ,/ , 1^L coot :^Iow^_

,,,,,,,,.,^,,;
■^F‘esh

SW^S. , g, fly .5e0 , hvec1

MW- Mocte , otety weatnered

HW^H.gh , y weatt‘eled

f h^f etrernely wee/he/el

Eledd.ng^Et^Jon?^Planes^—^Angles are meas.vect , erce.ve tu a p ,,,e^“en

Ware,^Presswe^rests--^vales in .44ec^5^should De /Pod /r. corium,

Ware

..:

,

■,^/1^.wa.e•^I.,'^nve^50^..,

Wale,^0 / LA

PC•hal^d..11.ng wwer /OSS

,,TVele^t1

I,^e e^Isle51‘ 5

• ,^NO"^c ..r5po , c1 , On Sheets

( eu , :,^Lo J■ 5 H w.o..

1.5-5,41/6//494^/of2



II

II

I

II

I
I

I

I

•

1

I

PROJECT Cal NNINIStego" Ilrwzik 3-1-v_r4r4t.1- _ _
BUREAU^OF MINERAL RESOURCES,
GEOLOGY^a^GEOPHYSICS^

Local.IoN
on(^Tun.' Met.^e.-11..^AT trr.l•^%3 4(2.ez;)

ANGi F FROM HORIZONTAL (e)^gob^DIRECTION^w.....

GEOLOGICAL^LOG^OF^DRILL^HOLE^•,. RO(NATES 0 19111611.^)4 witio3^R L OF COLLAR $54.2-

HOLE NO.

G.s-r- s

bl-lk k I^2^,,c 2.

rI Dling^Inforrnonon ROC.^S ,altlCia4 e^ 00€.ax•^Moss^Im•fe, rk

i

•

2

..,-„.?

....

g t
o —

5 * 1
c —Lt t 2

..IF

(15.^/i
..1"°_7,^,..,

Ik -.°,‘.
..., CD

 SuOsIonon dttr,on or

rock Ivo<^grcnn^thorocro,,r,

sfructorp, moor COrnpn ,, ncoIrno,^ ,

8.
.it

t
3

2, . Y^Defect
All ^SPOCIFICJ

t f., 2^wr)
R -.Y.
w100<,?.^,19 g
0 —.1—^re42W,1/1,■

(n
o
Cr

I)efect^descr■phon

,h^.^,,., ,cke,,,^t y ,^,,,,.,^plar,,,iy,

,pyartoeSS,^Maims),^sirength

Po,Ilcular^ General

2>
5, I,

Cr ,5 I'

tif

0
-1
i
2

95

loco

21

22

23

24

ZS

V.

n

2.41

zs

3*

s i
32

n

34

SC

+

1-

4

4

+

1-

GRANITE. PORR1.1%1

.....

MW.rni
sw

SW

4

.:

.
1 o

30

•

Rock fceirly hard cuAd

+1 5114 to aJoes.)4- 23.3 b.%

-_-__
4 -

_
_
-
-
-_

40

9°

3

0

A I. oui. 8010 of gtis sechol4 et-

core. .44eared etact crushed.

.-d^4toc.lSetfioni oi- War^u

roC.IA uP +es 0 .3 sA, loos 9
"^se pares*t sechorks of

sheared and trarkte4 reek

Durection of sktakeirt5
oschirl‘Pteurin {aut. sti•p I cat
airout 4 d'

14eatvy ltsc.tors it*^sto.;Ki Ks
a% platas)v.4.1Ker c-tcoi
..., clq.1.44.1- surFacts

-_
_
.
-

-
5 -

To -

-

_
-
-
-
_
..
_
_

too

-11.4.1
I
(

-5
0
4-

Eal...,
1

3
.4

•3
=

-"--ir
=

too

taS

70

to

15.—.4t2
lob

_
,^25

100

1°

30

J
vl
2
2a

loo■

closet-I Sot...te.d, hat o4henAnse.
441/ r ...,,A 4. Sas V14(1 5er%. sp• iota,

_
-.-
..
.._

4:
-

TO _
S -_

-_
_
_-
-
_

_
.

10
CrOlhea 00.4C1 Jkaared
S D.1 +0 31.-1S ••• ; si-daineci ,
10 vigil e..4 .
Fre is. 22.75 to 1,S. 43 ort^roe-k

ti (Awe/ iet....t.g..4 .....1 ft....4yr...4

Rock wears La ..0.14 .
rindviclual piece/ •{. iK4Act

core. Ire_4ta Ittrl defer-les art

Moral olAci r4rot4s.

1
0

95

9S
lrir

MO

___,
10o LS

I

gND oP• 14oLE 35.0...

I

•
-
_
-

-

-
-,
-,
—

Dr■ii type _Pi OLE _ ^

Feed 1+4044/0.3" el' 
Core bce,e^t y pe _^1•04.1.• C—•^_

— Tr:41t +0b*-^-

Commenced^_

Completed

Lugged b y^D.0 lUteelt

Ve, t•coi scale 1 f•••1,••■^.^i 1,1 _ — —

0 , 14 ,^D ti c ( Rctr+e)

WeatherIng

Fr — Fresh

SW- SI■ghtly weothe‘ed

un- m.erotel y weathered

MN'^ti ymy odora ,,wred

Ew^Extremely weattlered

lt3113
Beddmg^a^Jo,nt p,one, - Anpres ore measured re■o•we to o plane nOrrnal

11^Wale, Pressure Tests —^Values .n 1.,geons^',Dula Pe real] m conlunchon

Water

,c)^Or ^73^wo■er ley& date^shown

WQ■ ft,^0,

Complete^d•,ii,ng ,fler i o„

10 Ihe core a.,

0- th^- nrnornanon knee's

Core Photograph Negat,e No

Depth (m)^dock Ei Wh , le^Colour

•

155/A/6//494 2o12



1

1

1

...,^.^.^ .

PROJECT GINNLNDERRA_ _Sr__- WEk _ _ILJr_INE_L^
BUREAU OF^MINERAL- ;FIESPURCES, -^ .:26 m. NeS tLOCATION _At_ tenite _of_ ..pruposi . shaft 3_ .._^t _^_ _
GEOLOGY^+a^GEOPHY$ICS ......^'^ of _centre^lirte_ v_f_ _tuTql At static r-J _ _ 33_1-15.24m

ANGLE FROM HORIZONTAL (9) _ _JO^.^.^.. _ _ DIRECTION .^.^--- ^. ^.^_ .. _ _
GEOLOGICAL^LOG OF .'. DRIL.L^HOLE . COORDINATES 19eia(tE _ _ _60q750N_ _ _ __R.L. OF .COLLAR 565m_ _ __ _

HOLE NO C2.51.
9

.

SkIEET_I_I ^OF_3. _

,•.
OrillIng^Inform°, i)n^.... Rock^Substance Rock^Mast^Detects

o

2 u X

.•

Pressure

test^*

Daimon') ■

...

.1., .

to^2

•" 0

....
:

f .
•"

g 
_

.V^0

.
,3^.,

Substance^description

rock^type:^grain^characteristics

Colour, structure, minor^comp onen

tn.

s. Q
cc

.._

2,

Strength
Is (501

(kAF'0)

73_,..,...,00
- •

Defect
spacing

(cm)

°0000linel 0_in_0 0 0 ......n -.0

Detect^description
thickness,^type,^Inclinot/on,^planarity,

roughness,^coating,^strength

Particular^ General 

O
z

-:,'^g
o
GC o

...,

0

I.L.

c

o
Z
Z

s -.--;.-

IA

1,...-.
.48

A:

i-.,-

.i .

A ..
---.-1

0
-!rs:
:,...

s,..:.--_,
__....
..)-
7..:-

A
-...;.
_).i.

.-),:,,....
.4;

i
..,..,::,

3/G
-.'-^•,,.

I

-.*-.:,.....

.-:.,
.4.•

.
,."-
,-''' -

C..)

(f)

U-1F—

F.--
^ 0

Z 35°1

o
111
cc
o
L.)

I-
0z

,

.

10

0
.11.1
Ix
ot...)

fr- -.
0
z

Pio+ cored
slo?e_ wash

No+ cored

' so.F-i- 1 •ro gam.

I-1-1

EW

EW

.100'/.

-10v°/.

5
r....4ed

7—

(

/ —

""

11

—

-

—

Gr0.11119^Por.PhYrY
NOT^CORED

in 3
9, 9
+ 0

^

.^0

— 3te,. clo.y seo..m.^f
n

Clcsyse.o.rns^up -/ro^9
2nirct .^ 5-

ra

Stio,,ntS%^.5.he.e.re_ci^..4-^0-c
Colw lo , heckled^s..,41 ts-,
day . Weak .

LI'monite^skr.)4'n\nck e.,^"0 E o4--F-42
ihin -4 tne er^of '.6o.y^on 3^„...3 9
i0 irri-G . Cir.)! e ,otrtfect '6,^c, C^..,Q%
.r.,20„en, y . tiko,ny^is ria..C_4- 1-1M k.^1 P 2.
he^....Wan `coicithe^

h
,4,...„, 3 a 0
o v. • -< -
—

_ I fnm. clay_ Seam
on

^
In'd(:)*^sdo^-I- .

0 7: rtrq
9 E_ ?,_ 3Rock dose s'yo+niect.

te_^on^Totes ,^
-.4^"...^nal ^,r,Calci

no^clay. .
^g f ^Grei^- • -•^^2_., v..,^0

^

-^£

^

0^,
-,

-
-

-
_

-

-
-
_
-
-
-
_

-
-
_
.
-
-

.

.
_.

_
—
-.
-
-__
_
_

_
_.

.I---^_

I^-Lrl _
-

-

_
-
-

-

-
....
-
—

-_

—

:
_
-
-
_

_

_

16°I.

12
•

13
-

14
.

1.5

16

.17
.0,

le .

.^---

19
'^•

GRANITE^PORPHYRY4+ +

.

^

soc-f^and ...1 en.k. 0,y ey so.ncl•

^Bto,...n^wl^v..An'tic^-Feld‘ par.

{-----
0

toss
—

EW
+0
HW

4-
4

+

4
+

,
t

t
+

+

+

-I-

95°/. 0

.
100. /0 0 MW

GRANITE^PORPHYRY
Litrt^CAFT1...^s.--J'il%)^F)ne no Lry si
9,40J-i-t_ ,^ie.) &spar, b■oti4e^o..na
'yeen^epicio-ic .
Sonrsc._ (=lurk o‘reen^4,ne. cyr.A.ine4

of-

55
FS

____g_1(;./s

FR

10P.

1, e-ir'i tht, .^...t-c.i^,^3 sr, rsc3'i .•0 l

6 0

1--

0

Drill^type^_MOLE_ _ _ .:,^_
Feed Hydraulic^.^.
Cor•^borriti^type^Nilik.,,trifle.

.f.s.)be^and^5ICi. 'Inner...Ur
Driller J. Morgan (DHL)
Commenced _11):4 15^
Completed 2 1- 4 775_ ^

Logged^by.__Ri Lang _ . _ . _ _
Vertical^scale^1C-fn! _I ca. _ _ _

.:.
. Woothering

r r^— Fresh

SW — Slightly^weathered

MW— Modera ?Cy weathered

HW — hhghly^weathered

EW — Extremely^weathered

Notes:

Bedding^a^Joint^Planes — Angles^are^measured

1*^Water^Pressure^Tests — Values , n^lugeon I^Should

ghetto.^Test^sections^are^inchcoted^by^bit:talked^is

Water

Ir

<

4

st

relative

10^Oct.^ 73^v.ote, level^dote^shown

Water^inflow

Partial^drilling^water loss

Complete^driliing^water^loss

to a^plane normal to INC core axis.

be^read^in^conjunction^with^computation

rips.

Core^Photograph Negative^No

Depth Cm/^Block a While^Colo'

-^-^-^-^-^-

--------  _^_^_

- -^- -^- - - - -

/5-57,4-k5VRI Zi -/ W../ -^-

I



1

1

1

• '^'^' • ' - • -^- •^pRoJEcT^51NNINDERRA. _SEWER _ . TUNNE L^-
BUREAU OF ^ yMtN,ERAL, - FRESQRCES,^.• •^•^• •^•^.,^••^.^::^.^.:^.^LOCATION^..s.t..^•"^,...^n tr_e_ _ vf _pr_cipc,5Qc.1 ... Shat t 3 _.^._4.!2c_ cr....w;:c4t^fjt_
GEOLOGY^a - ..GEOPHY$1.C8 , !•t". :- --^•^_ceotr_e_ _Line_ _Q1._ _tunneLr at _station _ 3j -r.15124 m., . ^

ANGLE FROM HORIZONTAL (0) _ 90^ DIRECTION^
GEOLOGICAL . LOG OF ..DRILL, HOLE^cooRoINATEs 1931 1 14E. .. . f 09750N^. R.L. OF COLLAR^_5_C15. M., _ _ _

HOLE N°C2S- 1

SHEET 2^OF^J .

Drilling^Information Pink , Sybstance^ Rock^Moss^Defects

13
o

2

,,,,
w
-

o ;
r...t

Pressure

t est^*

(lugepas)

.:'^t
0^'o
05^t°

o

s,
_..E

w

:..s,
. -44..

'^ep

Substance^description

rock^type^groin^characteristics:^ 0

colour, structure, minor^components. 0.

^

1^0:

... c

-171
3

^

Strength^Defect
Is^(50)^spacing

^

(MP9)^(cm)

"I^0^00

•000_o^000°m^r

^

_^n_wi_ro

Detect^description

thickness,^type,^Inclination,^planarity,

roughness,^coating,^strength

Particular^ General

z

".; g
0 -,_
cc ,"

i.,

_J
...L.'

ii_i
z

100%-^•
•

2

•

.93

24

2 5

26

2

:JU

31

32

...

34'

35

36

38

.

1^:

illii
.^,^.
34% '
1'. if
!:' I

+

+

I-

71- •

I"

4-

,
T

+

+

+

4-

'?-. 1

i30
• GRANIT^&^P:^PIPHYRY

P.lk^p_inItisrt^Irec^cATeY^44'7Hord^*^4 4..ry '^tonn^-^',^j-,

•

F R

100
27

37

+

1

.

,

+

1

1
i

gr

p.

g
ar
, II

1

i
§
2

1I

.4

i.A 0

^

ir;OC^.,.4-- °.^gc-.
^, g ^0 I^r

V er4-t .col^,iatnis^,...ri*I^to it^,?,
ihin^\prmter 4^clo.y. I^^'''^9,

• 3
-

Ira.^cri .^rock^ .,.,^l'
fro.ch, rod^s...? iill^So in4s
of-^SO' ,Cr ..i.,0.^ on ^0 v^-J

..c.10.i^on .. 01n1-^a^0
^9 ") ^n^c.surfb.r_e,-.^-.‘^-2-..1.^;

^

r^v 3^).
^' P^g

^a ^A -4

^

4-a^4^0 ^-O.
3

^9 - ^..,^4 1 ^o
-4

.v.

^0 ^•c g -4.(..0 0...‘

Q 5 f)..), 5- .., ,
+ is-,,, 3

,5 . 1
s- ,-,

ro 6'

.

3'

^

o^■•■•
110
ro 3

3-Core.^yooric),^0.no1^;..,' to
broker,^by^drill .^to 9

-Z -r•

p 4 .4-2.m 73
ft) totiii' r.m., g
31.7yix

^5 r'^i .3 g •^-...E. ^ ,-4• ,
et'^•^V g- _ c :

• o'"'^'1 Core^roi...incl and^-^° 3i ^r
broken^by^drill.^5-^, -.-

r/IN-C' r 31)-34
rrc- P •i o 9 .,_,

lvEr4,,.04^4,...c.h.mes^9 o •-t- .1- ..1 ,
)i-i •,..., -,w,^calcvle_^( ,..1 eak).^...:( 0

r r' a 0 _. 0
E2 3us 5u3 5,^r, ^-4- .1.
-*: rb 3. ..

^

.^0 3

^

'.°^?.i.^c
to 1/.,:',1
a0

^

., p a^.
^-,..i,3 ^, <

_.

^

£^04-0
• .. 

p
orn e^cic...y , co.lcife^&^.2

loyri.ie^On^4oin-1-s

%;"

-_
_

.,^-

1.....:
-
-
-

10Ion%

lutri. 20

50• 100"/e

-

65
....
_

-
_

_

.

-

_

-
_
-
_
.

-_,
-
-

1()0°41

°/,, 9 3

10(f /

.

75

1 0 Crie
r

100. /e

25

75

101 . 6/ * _
_

_
-
-
-

-
_
-

GRANITE^PCRi--) HYHY^75
^t-ett.1... itorov.,,l 9.....ne^,,.,,,,.,,9 _,.,5<ycli-rietT

-vh0-n^O.

^

Stleekszei^0..nc.1^in ecied^%-..ri%
^- c.trsk 0 rii-e_^NI e s'n s^tnroLtcp 0 kJ+.

. 75
---

30

7- m1 x
S.'_ cr.

C._ ,,._
;1`-':;---
- '-0 —

r--:'"7

0

100/,

100. /0

F F;

iouv.^r,F/ANITE^R'. R; -1 -1YRY19 0
1104n1^'Very^ho,rci^and very

 _
-

, -1-.
I^-, _^_

-
__
.
-

10(1..

stroii So rts e_^ski onily
olk or^ised^zones' cxric.1
zones^Ni•J 1 11,1^. rn .,11 y^c.,..,1 i_i I iz
./ti.ii'i, .

1
sorrte

1 75

10 07. 100

Drill^type^.M.ol.c. ^

Feed Hydraulic^
Core^barrel^type^Nruc ..-...:Lit
211101._ t „thE_-1))jf irlf,,LE_

Driller Yiteatiy_ _ IL D ElLi_
Commenced ' f. -4 -75.: 
Completed 21-4:PL 
Logged^by_F"..',141. 1_9_ ^

Vertical scale^JCI3LIP1M- - -

wssi_i_r_iwir,
Fr - Fresh

skv - Slightly^weathered

MW- Moderately weathered

MW- Highly^weathered

F,,y.- Extremely weathered

Notes:^•
Bedding^a Joint Planes - Angles ore measured

et .: Water^Pressure^Tests- Values in^iugeons^should

sheets.^Test^sections are indicated^by^blacked in

wqr•
V

.1

relative

strips.

10^Oct. .73^water level^dote^shown

Water inflow

Partial^drilling^water loss

complete^drilling^water loss

to a plane normal to the tore axis.
be^read^in^conjunction with computation

Core^Photograph Negative^No

Depth (m)^Black a White^Colour

- - - -

-

/55/4/61/47J^2 of 3
M(Pfl 99)



•1

1

1

1

,
PROJECT^GINNINDERRA _ SEWER^TUNNEL

BUREAU^OF MINERAL^RESOURCES,
LOCATION At centre_ .o_t. proposed . shaf t 3 . .4r26m west _ot._ _

GEOLOGY^a^GEOPHYSICS^.^_tunnel. _at stator _ 33_+,1,,5,;24m.
ANGLE FROM HORIZONTAL (13) _l.L^ DIRECTION^—

GEOLOGICAL^LOG OF DRILL^HOLE^COORDINATES _19813a _ _ _60_9750N^. _ _ R.L. OF COLLAR _5.65n).. ^_

HOLE^NO. -_, ..5.I.

9

SHEET_ 3 ^OF 3

Drilling - Information Rock^Substance Rock^Mass^Defects

-....
Strength Defect z

-0
o
rc

a, 1-, Pressure

test^*

°^0

op^.! E

—

_^s.
.c

Substance^description

rock^type:^groin^characteristics^cj
.

1'
Is^(50)

ImPo)
spacing

(cm)

Defect^description

thickness,^type,^Inclination,^planarity,
...^e
o o
o z:

; u (lugeons) .c o colour, structure, minor^cornponen S. ci :it 2—n009 00 roughness,^coating,^strength ix i3

— tp^at & .,
0 00_n_

0000
rn_rn_rn Particular^ General

100% 80

_ E^ c•c 5^, 9 ,
_
-
-

4
- 4- GRANLTE^PORPHYRY 05- 9. f3 - 3

•
cls'^''' P C.9

-
-100

. 4_ • 3 ge. -
100°/ .. 42 -

- ,

rte.:1•NtL ver
o

y hord and . very
vi-rn^. Sme zones^svitho
6110r^and^cal cite^velns
mocie_mtely^-,0src' 6 'trona .

r

ItrA
0 to^reI. A+, z t^3

"L-• o0- o ,,

—
_

- -I- _ IA C.--P, es — .e.
-1. •^7 .—

IV -

100./e
43—

4- 9 0 rj
r

0
3. a ,_,,t' (I, —_

_
FR44- v 9_2 -

(..)
-J
X

100°/•
.
-4..

..
;

85
_

Ei.' E0 r,^0r• ,_ 4-
Pod< closely^Aointed^0 r 3 -7g

/..^ Nel^fros.i. u r¢ ci.^Ne.Ji^03 .p.VVI^j p^,.

-_
-
_

Z 45-

-46- +
1 00100% 1 .^k .

... csNIcite on Aoints .^fAk< 3 =1-")-■•
Cernes-vi^rncy.3 eroJe_y^0 '^ft c
,.1 e.a. (:)^a.-0^c-•^0-o

 -

-

100% 47- 3 5

rari 1r
-"3^i irspi g
c n ro_,

p 4,2. 0 -

-
—

______. ____Joc27,_ 4e
Some 1 %Monr4e.toinm5

^÷ 9 r"^-l-
f, —•C,r7'
to ^-v —

^

to^7on pin-Fs.^In^-4-

-
_

-TiTn--
END^oF Hr, LE^4Sm. .

-
_
_
-_
_
_
_
-
_
_
_
_
-
-__
-
_
__
_
-_
_
_

_ -
-_
_
_
-_
_
_
-_
-
_.
_
-
_
__
,

Drill^type^_Mole^ Weathering^ Water Core^Photograph Negative^No.

Feed _hlydtauli__ _ _ _ . _ Fr — Fresh V 73^water level^date^shown Depth (m)^Block a White^Colour

Core^barrel type^.N1111_ ,A$1 sw — Slightly^weathered

100 Oct. ,

id pl e _ tate_ ■le splill inner_ MW— Moderately weathered

Driller^_B.J-iar_t_ I DH_C_ ). _ HW — Highly^weathered Partial^drilling^water^loss

Commenced 10475^ EW — Estremely^weathered Complete^drilling^water^loss

Completed 21-4-75^ Notes:

Bedding^a^Joint^Planes — Angles^are^measured^relative to a plane normal to the core axis.
Logged by R Lang^ 3*^Water^Pressure^Tests — Values in^lugeons^should^be^read^in^conjunction^with computation
Vertical^scale^iCrn11-0 - - sheets.^Test^Sections^are^indicated^by^blacked in^strips.

/55/A /6//4/f J 013
M(Pf) 221



1

1

1

1

1

PROJECT^GI^ND_EARA __ .5 EWER
Iii

^NELBUREAU^OF^MINERAL^RESOURCES,^
NNI

LOCATION t I c CII.^.Str140.160ir;^Howie^&cad

Tl) N 
. BeIconnert^A-c.T •GEOLOGY^&^GEOPHYSICS i^I lel  t^P+ ^5t G 4 i On^37.90_all^tftu o^e^

r^

..90 fi_
ANGLE FROM HORIZONTAL (0)^(NO^

DIRECTION^—^_GEOLOGICAL^LOG OF^DRILL^HOLE^COORDINATES 6 1q7,.q IS^fl C' °4%. 322   R.L. OF COLLAR^_S 6_32E rn _ _^_

HOLE NOG.ST,
11

SHEET_ ^0F_3

Drilling^Information Rock^Substance^ Rock^Mass^Defects

£

Pressure

test^*

(11.19•0•S)

a.'^c,.co^e
=
:1^if,.

g„_,
L

a :
-9 2
1 e
a^f.,,

ia-^co

Substance^description

rock^type:^grain^characteristics

colour, Structure, minor^componente

,--;—.a
m

a
.5r.„‘—,..
i
x

^Strength^Detect
Is^(50)^spacing

^

(Meal^( cm)

^.8 ,0^00
'•000^0^000°

^

_.o,^rn^- ^—m_rn

Defect^description

thickness,^type,^Inclination,^planarity,

roughness,^coating,^strength

Particular^ General

oz
„ .
4.,^o
CZ 'p-c

o

v

/00 .

-

21 -
.
.

22-v
.
-

23 -
.
-24 -.
.
.

25 -

-

-
26 -

".
27 -

.
28 -

29 _-

-
-

30 -

.31 _

-

-
32 -

.

.
33 -

.
.^-
34 -v

.
-

35 -
"

36 -

-
37 -..,

-.
,, -
JO —

-
.

39 -v
.

40 -

v v

v

v v

v v

v v

Ni v

v v

v v

vv

v v

v v

vv

v v

v

v v

v v

v

V v

v

DACITE IGNIM BRITE^TUFF
Wilk^flow^bordini

55

45

_

25

M VV

------'

G

g
1

g
■
C

1
i

i
1

;
#

0

1

11

ii111..

Ill
mIl
I

v,...hcat (.4-.4 4.• •^C^Ater...ref^0.5 s0.^0.0•44^• - 0 fps 4? ,^•

limonsie^• Jo,^1 ;^. .• 0^t
t^I ! 6 - -
'_-, I .§ s., ' -§^g-,- dal ______ ..,^v, .-3 i g...,j(b.n4^ i " In • #

-^dal sea.ws fry..^-0- 9 ii.0 -_,
1^1.,^,:,^se-,^.,4

^

4,^I 4-2 -,1
 -^r \^2 i' 4, i , -,1Cloye4^raVe-1(6. ... ,^. ,^,^.77.^....,7

to Croyey savick.SC) j ,Lr l''' 5 b ',.5t ,_1_,
-^seams a+ O-30 ^cf. I s** ^)

."
-.
--
-
-
-

.4. _-
,^_

crl -
:

_
-

■00

ed

ce

E

ii,

100

100 35.---

48 50 .

:7-brill^induced fractures^E

scam wiel, joy (GC)^

et^35 on^...Ade^crush eal^1^2i.,^et)
35100

: '' 2: 4:1- 23: i P'"' 1a a . L . 3 r.-

-
-

.

.

.

too 0

too 30

:

d.,1 Se0MS We Iv 1 cm..r.1
ce+^we- 60-^.s

a `A-.4)
-:r tj'i,
.^.
mo • es?_ 2cm ce.sked se,,,,,

tui 4t.^veneer of^4
j cis.,^-

2-
t

*Si .NZ

%, b
•'

^C

. i^t

-it.ifti,17,r;„,,..,,sci. 3teflits^

0 ....,
.., _

,!..... Al^4. cl...j^1

'. IScst^of^cla ,3^‘..,

^

sta.,' (GC)^4^al

g :1'- 1,,scr, 5 ,:,(. Gc.)10.3^--:-.^5E
-;^,1%. o
-a 7
a —
Z -74 %1
• L1 A't?^.,-,

1^a.1

1
-§ -es
1 §

E^.7-•-
-..=^0
'r •0..0^ .....47:4

r ra a
Z X

--tt

ea- .4,1_,

-:z
Z :..V

';;
--8

1 t.) 4
, i^.1.)
n',3
g -,s^I

L
CI^1

'

,
 .....

-c^E^--F„..,
rz))^4

-^,
:-";:g^..?..

7-
^E

6^-2
erk 3

....^v.
S ":T
0^8^s^
7 . " -..r-

V.6
a^--.

'^v

,^g
2 :x-,^g

—§

g^k)-,_ .^Y
.^Z

" — >

,
-z^1,1

r., J •-)

_
_
_
-
-
_
-
-
_
-
_
-.
-
-

-
-

-
—

-
_
_

-
41 :

-
_
-

-
-

_

-

—

..-

-----.

too 60

F

too

_

70

100 80

I co 50

I00 25

too 25

-

(00 40

100 95

too 95

Drill^type^MP le

Feed _ ltdcrvelic _ _ _ _ . _
Ai piCore^barrel^type^_ ^L. C 

fr:yalelg tubt _44ft strlif_^ 1.r.r: ty_ln,

Driller^641_11.2r IV_(_:O.:C.) _

Commenced  24/4/75 

Completed^27/57/ 7C 

Lo gged^b y ^P 1- 0,15 
Vertical^scale^1 CrYl_ 1i_ I _i. _

Weathering

Fr^- Fresh

Sw - Slightly weathered^'

MW— Moderately weathered

NW — Highly^weathered

EW — Extremely^weathered

Notes:
Bedding^a Joint^Planes — Angles^are measured

*^Water^Pressure^Tests- values in^lugeons^should

Sheets.^Test^sections^are indicated^by^blacked in

Water

V

relative

strips.

10t Oc it. fi 7 3^water level^date^shown

Partial^drilling^water^loss

Complete^drilling^water loss

to a plane normal to the core 0.9.
be read^in^conjunction with computation

Core^Photograph Negative^No

Depth (m)^Black a wrute^Colour

j5..51A /61/4 74 2 of.'



lutt.L.IL L I^G INN I .N,DERR A^SEWER^TUNNEL
BUREAU^OF^MINERAL^RESOURCES, LOCATION^near _ :^te- a4.i)eloitn .... Hon)e stead^ZelLonnen^A C.T̂
GEOLOGY^fi^GEOPHYSICS _On^to n. c 1 _ _line ^of^$4 a4lon^371' to in

ANGLE FROM HORIZONTAL (0) go°^DIRECTION
GEOLOGICAL^LOG OF DRILL^HOLE^

_ _ _ _ . _ _
cooPoireArEsE 1q 7 49S'^N 6044 322.^ ..^_ RA.. OF^COLLAR^663"dm ....

HOLE NO C1S_T_
11

SHEET^3^oF .. 3

Drilling^Information Rock^Substance Pock^Mass^Defects
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rock^type:^grain^characteristics

colour, structure, minor^components.

I _..C,.

..
...F,
'

Strength

Is (50)
(mpg)

,0
0 -ln,0°
• - •0 00n0__

Defect
spacing

(cm)

0°
000°ri_ro

Defect^description

thickn•ss,^type,^Inclination,^planarity,
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Drill^type ^Mg le 
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Completed 27/5176- 

Lo^ed b ^P Lan^gg y ^.^g 

Vertical^scale1 Cll..? _ 7: _ 1. CTI_ _

Wr_21L.itl_gterin

 Fr - Fresh

SW - Slightly^weathered

MW- Moderately^weathered

HW - Highly^weathered

EVI- Extremely^weathered

Notes:

Bedding^B^Joint^Planes - Angles^are measured

*^Water^Pressure^Tests - Values in^lugeons^should

sheets,^Test^sections^are^indiCated^by^blacked^in

Water

V

<

4

relative

strips.

ID^Oct.^ 73^water level^date^shown

Wafer^inflow

Partial^drilling^water^loss

Complete^drilling^water loss

to o plane normal to the core axis.

be^read^in^conjunction^with^computation

Core^Photograph Negative^No

Depth (m)^Black a White^Colour

- — _ _ _ ^

/5514/6/1474 Jof..1
he( Of) 9 7 1
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PRoJEur^.G INNINDE RRA^SEWER^T UNNEL
BUREAU^OF^MINERAL^RESOURCES ,^ , — - -

L OCATION /1 -1^51afietri _ _40 4 SO^Oil^Gealfre^fine^e5f^i wone 1
GEOLOGY^B.^GEOPHYSICS

ANGLE FROM HORIZONTAL (0) _ _ . 45! ' .. .^_ _ DIRECTION ^023 bcbria^
GEOLOGICAL^LOG OF DRILL^HOLE COORDINATES elq9,784 N609,070 ^R.L. OF COLLAR^670 • g 

HOLE NO

GS T 12

SHEET_ 1^OF_ 5
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Drill^type ^FO X 

Feed^_ _14 ticirps4ii _c_ _ _ . _ _

Core^barrel type^AML• C• 

I /ripple _tu *0 UV n ef IrsAe
Driller Oe r,-eck Whoail.y, 1....fC'els

Commenced . 4/5115. _ _ .. _ _

Completed . 1W6/.7S_^_

Logged^by^P. 
-

QuSC..^_.^.

Vertical^soots.^1011 . a _Gill _ _

Weathering

F r^— Fresh

SW — Slightly^weathered

MW— Moderately weathered

MW — Highly^weathered

E W — Extremely^weathered

Notes

Bedding^Ei^Joint^Planes — Angles^ore measured

lit^Water^Pressure^Tests —^Values in^iugeons^should

sheets^Test^sections^ore indicated^by^blacked in

Water

y

relative

strips.

10

W ater

 Oct. f 1 73^water level^date^shown

Partial^driliing^water^loss

Complete^drilling^water^loss

to a^plane^normal^to the core^axis.

be^read^in^conjunction^with computation

Core^Photograph Negative^No

Depth (m)^Black ES White^Colour 

/55/A /6//4,'S /o/5
M(Pf) 221
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PROJECT _ _ GIN_NLND ERRA^_ . SEW_ER ^TUNNEL ^
BUREAU OF MINERAL^RESOURCES,

LOCATION At^slolion^40 4 50^. , ,̂ 4^cent,e^if ../e^of 1 L., *14 CI^

GEOLOGY^e4^GEOPHYSICS
-

ANGLE FROM HORIZONTAL (9)^'-e5'^.DIRECTION_^ 0 -/-3 i5irici._ ^
GEOLOGICAL^LOG OF DRILL^HOLE^COORDINATES L. /C 93€9 "V‘09,070 ^R.L. OF COLLAR^6./0. 8^

HOLE NO.

 ^GST^12

SHEET_ 2 ^oF_5 _
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Driller 0_ef ''..CdairVittatgay:ntfri<

Commenced _ 3/5175^

Completed^116-/75.
P. L.,,, ^Logged^by-^- ,,---j-

Vertical^scale^ICIII_T.J.el _

weathering^ Water Core^Photograph Negotive^No.

Depth (m)^Black 8 White^Colour

/5.57A/-67/47.5 2of 5

Fr — Fresh^ Iv

sw - Slightly^weathered

M W -- Moderately^weathered

MW— Highly^weathered

EW — Extremely^weathered

Notes:
Bedding^B^Joint^Planes — Angles ore measured

N.^Water^Pressure^Tests — Values in^lugeons^should

sheets.^Test^sections^ore^indicated^by^blacked^in

<

4
relative

strips.

10^Oct.^ 73^water level^date^shown

Water^inflow

Partial^drilling^water loss

Complete^drilling^water loss

to a plane normal to the core axis.

be^read^no^conjunction^with^computation

M PO 2 2 1
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pRoJEcT _ _UINNIN.ULRRA _ _SEWLR_ _ _ TUNNEL _BUREAU^OF MINERAL^RESOURCES, LocaTioN AY_ _$fgtiort _ _49:116:c?. _o_n_ _ _cso.fre _ Ole_ _of _tufigel
GEOLOGY & GEOPHYSICS

ANGLE FROM HORIZONTAL (8)^45_ _^' RIR^_^61-rid

1 4 _ 14_60_%07< 2 _^l __
. DIRECTION^_02. 1

GEOLOGICAL^LOG OF DRILL^HOLE^COORDINATES E.1"721^ L. OF COLLAR ^5o • it 
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/55P/0178 _I of5
M(P022)
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ANGLE FROM HORIZONTAL (CO .90° ^DIRECTION ^- 

GEOLOGICAL^LOG OF DRILL^HOLE COORDINATES _197629E_^_^ .0_m _ _ _ __^668565N^ R.L. OF COLLAR^569

HOLE^NO. .̀..)`:_j_
IL.

SHEET^_ OF_ -a __l_

Drilling^Information Rock^Substance^ Rock^Mass^Defects

w
2

o^.
cl

Pressure

test  ^*
I lugeons)

-.P.^'-...,
°^'0

it^E.'

—^ai

3^r?,

7
.:--.
E—
.=
..-

ct

,,,,,=.^...,
= 2
0^.,
-^,-.
f)^0
0^.

°^a3

Substance^description

rock^type:^grain^characteristics

colour,^structure, minor^components.

a

a
W

c„
.
er,
•c

li:
3

Strength^Defect
Is^(50)^Spacing

(MPa)^(cm)

'a,0? •
o^0

°0°^•^0a 00_rn°^r•n cln-Pro

Defect^description 

thickness,^type,^inclination,^plonority,

roughness,^coating,^strength.

Particular^ General

ci
z

_.c
tl . 0
o ...
ct IE,

.

c ,f,
s-V---

CJ
_J

Z

(21u j

F—
(r)
IA

/"'"'

1
0

Z

NOT
(...01tEP

-

-
-

I
MW

-

IIlii

I
I

I -I

_i0,,,, soinc47 dr..),
j0■;,-1- 4:ili,n8 .

...-jzzc.,,,,;-,-1- ,..sF:incii4y .`it:tY

,o, ,..,k•^,.ii,,,,.

TI-o-r, veneer eiC
'cloy^on joirrito c.rn .

20c,ri c4. Inorivon-io,1

ra

0^E.0 i
5y --,3 1 6

•4,4

.t^-f 3--. 1
. C5,N1I^.' .^.-,F02,

0., 30° FIL4^,,,, ,..t
■ s^- oc.z.,

,..

. ( D'' '' ' 1 3. 5. - - )c^: i-' a'. n: c>s - --- :
LP O^±i.,. g

Sama y _e g^-t-^..kTo r^.._^3 21'
CN 6

-

—-
-
--
-
_

__

i
_
-__

 -_
-

_-
-
-

q^-„ _

-
_

_
-
_

-_
_
-
_
-
_
-
_
_
_
-_-_
-
-
-

-_
—

-
:

60
-
-

.-,^-
Z.^-""

--3 -
-
-
-4 -

:-
5 -

-

6 -
-

-
-

7 -
.
-

8 --
-
-

9 -
-

10 -
-

1 1 --\
--

1 2 --

13 -.

1^-4-
-
-

1 5 —
-

16--:

17 _-_
.

--
-19 -
-
-

-

/
3

-N
--1—

/ \"v.
/

......r"
\/

1- //

..-
\--t-

t
.....e

\

\ \
I
/ - 1.

I

\
\

\./
i

f
\ /

\ /

\ f

/‘(
1/1(
/

/ 
I

t
-,...
\ /

X

X

/\
-t-../
/

100

60
SW

100

50100

SW
-hp

F5

90

.--Crocsture^s paaRei
Lvyle..,^2c..).^0^

c73 d
-

- io r^w-h, clexy^0.... ei^.9^. E .Er*
hrnornr3t^inftlItn3 On ,iic:Cryis -lo o

-13^
473-Dda"Icrr) %...osiln^y^.

0,,,,,i^IlimorOe^ 3^ell

42^,i, ai. 9cs,-.,,,^,_^.
-^crn. yellow clay 2.^-6_4- E2

o^o 0

^

nton't4e^n-ad^Irn^ T.c 0

.0 >71:1^,_ 6-bo
'0^_^-
0^

c --,
1^c2---•••^c -• • c 2 g-15,.

F3 u) cr.'

•-^P,-,11-)
0
, ^

...F÷4-^•^,... 6 -2,
.. z

.0 .c_.,^27, a0.^_vro- - -....)^6 ,
,,,,,^0-4--P E^1 6. cd 0^-I-ch- ,I..0-cs
,.. 0

^--.1,.^u
,r .^£ c3;._:-...cf)
--re,^-i--

‘,I- 6•(N) e^..-.---^-3 ..-.3 3

RHYOLITE
Pole careen . Silicious^wail

ocw...4'.,_^pine no c )-ys.-1-s .

80v r

'sfeons.H 0.1-ti ,

75
100

80-no

7 0

I^

100

80100

M W

SW

9 3100 -17 iy, _p^.2.t
E .., r a- 72 -1

D^3^3 'c': ,
1-f -i-- 4Lt.-S.1- 143 $. E^• -t',.., E ,...,_^--,-,,..,.-ii_,?.,,„.c
g-, 0 2^,,,°,.,^>--c--^.....
1 ' r •E d 1 ""l''

1^. !--• V (If 1- c•-■ ...
_^O E . 0-)c^3 EQ_
..^• --)D r ,I,^CO a, -

-^ .1; ' 3 >L2- 6

-^-F,,i-r^--„-t
0°'S

-Y fic;.^,j `° ''^.1r-j Eo 0,_o el vt 0

_
-_
__
_
-

4 --

-
_
-
_
_
-_

-q-3--
—

50100

100 75

35100
_F S

Drill^type^MLLE^
Feed hydraulic^
Core^barrel^type^Wilk _vs, fill]

tripYt_iobE__ &!_sp111 in_ner
Driller^D.Har_te_ _f _D $:1 1:: 1
Commenced la/517 5^
Completed 2_615/7 5^

Logged by RA.1..ANG _ _

Ve r t i ca l^scale^1-CM 71 l-n- - -

Weathering^ Water Core^Photograph^Negative^No.

Depth (m)^Black a White^Colour

- - - - - -

/55/A/Cl/479 / otf

Fr — Fresh

SW — Slightly^weathered

PAW- Moderately^weathered

H W — Highly^weathered

EW — Extremely^weathered

Notes:

Bedding^a^Joint^Planes — Angles^ore^measured

)f^Water^Pressure^Tests — Values in^lugeons^should

sheets.^Test^sections^are^indicated^by^blocked^in

V

<

11
relative

strips.

10^Oct. ‘73^water level^date^shown

Water inflow
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PROJECT GINN II {_DEBRA_ _ SEWER _ TUNNEL^BUREAU^OF^MINERAL^RESOURCES,
LOCATION At ^.5/^n. _atiO^46± 00 or _centrelin_e_ _a_f_ _tunneL^

GEOLOGY^BA^GEOPHYSICS
ANGLE FROM HORIZONTAL lel 30^ DIRECTION ^_

GEOLOGICAL^LOG OF DRILL^HOLE^COORDINATES la7629E _ _608565N_^ R.L. OF COLLAR _ 5G 90m. _
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Weathering^ Water Core^Photograph Negative^No.

Depth (m)^Block a White^Colour
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Fr — Fresh
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strips.

10^Oct. '73^water level^dote^shown

Wafer inflow

Partial^drilling^water^loss

Complete^drilling^water loss

to a plane normal to the core axis.
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PROJECT _GIN.RINDERRA _ _SEWER _ T UNN_EL_^
BUREAU^OF MINERAL^RESOURCES,

LOCAT ION At_ station _ 46±00^on sentreline_ _of_ _tunnel_ _^
GEOLOGY^ec^GEOPHYSICS^

_^_

ANGLE FROM HORIZONTAL (0) _90* ^DIRECTION ^-

GEOLOGICAL^LOG OF DRILL^HOLE^COORDINATES 197 629 E_ _ _6085N^ R.L. OF COLLAR _ 5_6-9:0 _frl _ _
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BUREAU^OF MINERAL^RESOURCES ,
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GEOLOGY 8^GEOPHYSICS

ANGLE FROM HORIZONTAL (e) ^'10' ^DIRECTION
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Drill^type CRAEL1US_ __ _
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Core^barrel^typeINtliC._ .with_

1-609- _41.,6 ,2_ &_s.p14 _tilner._
Driller 0,WhaftY_(.0_HCI

Commenced _ 2/ 6[75^

Completed 1_41_6P5.^

Logged b y _RA,LANG_ _ _ _
Vertical^scale^lcfl3_=1 0). _ _ _

Weathering^ Water Core^Photograph^Negative^No.

Depth (m)^Black a White^Colour

/55/4167/480 / or 2

Fr - Fresh

SW - Slightly^weathered

MW- Moderately weathered

14W - Highly^weathered

EW - Extremely^weathered

Notes :
Bedding^ft^Joint^Planes - Angles^are measured

x^Water^Pressure^Tests - Values in^lugeons^should

sheets,^Test^sections^are^indicated^by^blocked in

II

<

1
relative

strips.

10^Oct.^ 73^water^level^dote^shown

Water inflow

Partial^drilling^water^loss

Complete^drilling^water^loss

to a plane normal to the core axis.

be^read^in^conjunction^with computation
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1 PROJECT CANININDERRA _VIEWER_ _TUNNEL^BUREAU^OF MINERAL^RESOURCES,
LOCATION At _Station_ All-_(...r- nn_ _c_entre _ line_ _o_f _ _tunnel.^

GEOLOGY^Bi^GEOPHYSICS
ANGLE FROM HORIZONTAL (0) _9 1i ^DIRECTION ^—^

GEOLOGICAL^LOG OF DRILL^HOLE^COORDINATES _E .1374 71_N 6083J917_ _ _ R.L. OF COLLAR 529.111^
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Drill type MLLE^
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Core^barrel^type^WI,- _- ,-,1;_)1

lEf...S.,_t_i_Ls__ ',/ . ...,:,1:0'..._V;As...r,

Driller Daart e ..(_DH C.'._) _ _
Commenced 29!7 ' 1 ^

Completed 2. Liii_75^
Logged by PAL Abr.,^

Vertical^scale^1.1.1[11. 7= lm... _

Weathering^ Water Core^Photograph Negative^No.

Depth (m)^Block 8 White^Colour

/557/1/67/48/ / 0 f 2

Fr - Fresh

SW - Slightly^weathered

MW- Moderately weathered

H W - Highly^weathered

EW - Extremely^weathered

Notes:
Bedding^a^Joint^Planes - Angles^are measured

It^Water^Pressure^Tests- Values in^lugeons^should

sheets.^Test^sections^are^indicated^by^blacked^in

Iy

<

1
relative

strips.

10^Oct.^ 73^wafer level^date^shown

Water inflow

Partial^drilling^water^loss

Complete^drilling^water loss

to a plane normal to the core axis.

be^read^in^conjunction^with computation
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BUREAU^OF MINERAL^RESOURCES,^pRoJEcT _ _G INN INGERR A_ _SEWER . _T_U_N NEL^
LOCATION At_ statiQn _ 49t09_ _On_ s.en_tre. _ 1 is ^of ^tura n e L^

GEOLOGY & GEOPHYSICS

ANGLE FROM HORIZONTAL (19) _9_a ^ DIRECTION ^--. 

GEOLOGICAL^LOG OF^DRILL^HOLE^COORDINATES _ E197471 -_5_ _ N110_8_3_19_7 _ _ R.L. OF COLLAR^_519_ rn_. _ _ _

HOLE NO.GS I
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Drill type MOLE^ Weathering^ Water Core^Photograph Negative^No.

Feed H 4ra u lic^ Fr^— Fresh V 10^Oct. '73^water^level^date^shown Depth (m)^Black B White^Colour

Core^barrel^type^ABI.M._I•if11.1._ SW — Slightly^weathered
Water inflow

_iTf.ptc_ tubQ_ tii_•*■1_11-_ triths_r_ MW— Moderately weathered

Driller^B..HD•rte _( I.DH_C ) _ NW — Highly^weathered < Partial^drilling^water^loss

Commenced _2917/ 75 EW — Extremely^weathered 4 Complete^drilling^water^loss

Completed 2/ ^175^ Notes:

Logged^by PA ..LAt,IC,__^__ Bedding^B^Joint^Planes — Angles^are^measured^relative to a plane normal to the core axis.

StWater^Pressure^Tests — Values in^lugeons^should^be^read^in^conjunction^with computation
Vertical^scale lalVa. I In._ _ sheets.^Test^sections^are^indicated^by^blacked^in^strips. /557A/6/1467 2 of 2

M(Pf)221



1 PROJECT

ON
 _ _GINN 1ND_ER R A _ HAN ER_ _ T LINNELBUREAU^OF^MINERAL^RESOURCES,

LOCATI ^20 rn. _ _ east _ of _ tunnel _Line _at 5Iation _ 5_2_+_0_0^
GEOLOGY^e,^GEOPHYSICS

ANGLE FROM HORIZONTAL (0) _90-e'^DIRECTION ^—^
GEOLOGICAL^LOG OF DRILL^HOLE^COORDINATES E_137260^N 608100 ^ R.L. OF COLLAR _ 572.rn
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Drill type^MEY_FIENLY^ Weathering^ Water Core^Photograph Negative^No.

Feed H ĝlrautic_^ Fr — Fresh y 10^Oct. 73^water level^date^shown Depth (m)^Black a White^Colour

Core^barrel^type ^ SW — Slightly^weathered
Water inflow

_ _NOT_ _CORED^ my,,- Moderately^weathered

Driller 7_5banaban ,,E3MR) NW — Highly^weathered < Partial^drilling^water^loss

Commenced .19 077 5^ EW — Extremely^weathered 4 Complete^drilling^water toss
Completed 1_0_i 41_75 Notes:

^P. ^NG_Logged^b y

^

_R __ _ Bedding^a^Joint^Planes — Angles^are^measured^relative to a plane normal to the core axis.

4^Water^Pressure^Tests— Values in^lugeon s^should^be^read^in^conjunction^with computation
Vertical^scale^icri ,7 .2 rn_ _ _ sheets.^Test^sections^are^indicated^by^blacked^in^strips.
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1

PROJECT GINNWDERRA_ _ _:. -iEWE_R , .TUNNEL^.BUREAU^OF^MINERAL^RESOURCES,
LocAnov 2_arr3_ Fpt of^tunnct _tine^at^i',:l_ttor)

GEOLOGY^&^GEOPHYSICS

ANGLE FROM HORIZONTAL^ ..7:" (..f ^DIRECTION ^— —
GEOLOGICAL LOG OF DRILL^HOLE^

(13)

COORDINATES 
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Core^barrel^type -1-KEJE,-/_>_ Z t'
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DTIlie r^_IJ .S_hanal-lan_',1-.311k,
Commenced 13-1-TT
Completed^It ' -If -7:-^
Logged^by_P_.1._anq^
Vertical^scale^AC.fil__1r0 _ _ _

Weathering^ Water Core^Photograph Negative^No

Depth (m)^Black a White^Colour

/.5/6//4825 - 5jA/6//482 2 6,12

Fr^— Fresh

SW — Slightly^weathered

MW- Moderately^weathered

H W — Highly^weathered

E W — Extremely^weathered

Notes :

Bedding^3^Joint^Planes — Angles^ore^measured

4^Water^Pressure^Tests — Values in^lugeons^should

sheets.^Test^sections^or e^indicated^by^blacked^in

V

00

<

.4

relative

strips.

10^Oct.^ 73^. of er^level^date^shown

Water inflow

Portal^it^It, ^water^loss

Complete^drilling^water^loss

to^a^plane^normal^to the core oxis.

be^read^in^conjunction^with^computation
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PROJECT^GINNINU ERNA^SEWER^TJNNLL
BUREAU^OF^MINERAL t!RESOURGES , LocArtor422.5 rn_ East^o f _ t u nnel . line^at.^s tatian^4 a+ 53. _ _
GEOLOGY^84^GEOPHYSICS

^0 ^ ANGLE FROM
GEOLOGICAL^LOG OF^DRILL^HOLE^
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