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PLALES

PLATE 1. Googong Dam Site, Queanbeyan River N.S.W,
Scale 1 inch : 80 fest.

2.  Proposed Weir Site, Googong (Showing testing
by Federal Capital Commission).

3. Sections, showing projections of diamond
drill holes.

4, Joint Rosettes, Googong Dam Site.
De Water Pressure testing results, Googong

’ Dam Site.
& 6. Geology of Googong Saddle area.
T s Geological map - Googong Catchment.,
o 8. DNorthern storage area.

9. Geological section, Googong area.
104 Possible leakage path.

11, Panoramas

12, Photographs

A. Stereo-pair - left abutment.
B. Right abutment.
C. Stereo-pair - detail of right abutment.
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GOOGONG DAM SITE - QUEANBEYAN RIVER, N.S.W.

SUMMARY .

The Googong Dam Site is on the Queanbeyan River five
miles south of Queanbeyan, in south -eastern New South Wales.
The Site is being considered by the National Capital Development
Commission as the third storage dam to supplement the existing
water supply for Canberra.

The Googong site had becn cxamined briefly previously
by several geologists. It has been re-examined in greater detail
for a larger structure than those previously considered; diamond
drilling and seismic surveys were included in the re-examination.

A low saddle a quarter of a mile north-cast of the site
was surveyed; its lowest point corresponds with the proposed
height of storage and will require treatment to remove the risk
of overflow and leakage.

The storage overlies shale, slate, fine sandstone,
lenticular limestone and tuff, mainly of Middle Silurian age. The
sediments and tuff were strongly folded, faulted and intruded by
acid igneous rocks in epi-Silurian timc.

The dam site lies on strongly jointed, massive dacitic
tuffs and flows which dip downstream at about 407, The volcanics
are bounded by a younger granite intrusion that crops out two
hundred fecet downstream from the site and by the Googong Fault
and older sediments two hundred fect upstream.

The rocks in the cnvirons of the dam site are considerably
sheared but a suitable axis line for design investigation has been
chosen; it is considered that the rocks about this line have no
major structural weakness or major permeable zone, and present no
grouting problem.

It was not possible to determinc accurately the probable
depth of excavation for the dam because of the complexity of
weathering and jointing in the dacite and the small amount of
testing done, It is expected to average about 8 feot on the

‘right bank, 5 feet in the river section and 15 feot on the left

bank. These depths are maxima and arc based on excavation to a
very firm foundation for the most delicate of the masonry-type
structures; other types of dams would requirc proportionally less
excavation.

No major difficulty is expected in protecting the saddle
egainst overflow or sub-surface lcakage. The depth of weathering
is considerable and the weathered rock will require treatment.

A fault may cross the axis of the saddlec at right angles; it

-would also nced treatment to prevent water leakagc. Further

testing is required.

The Qucanbeyan Pault lies one half mile east of the dam.
It is a major regional fault and scparates the Silurian sediments
and volcanics of the storage area from the Ordovician rocks of the
Cullarin Horst (Plate 11). Geological and reccent seismological
evidence indicate that the fault is possibly still subject to
minor movements,

Major leakage is not expected from the storage area.
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Some lenkage may occur along the Queanbeyan Fault and major shears
but this would not be excessive, It is expected that the
socdinents under the storage will not provide apprecciable leakage
paths because of their lenticularity and interruptions by
intrusions and faults.

Firm proposals are not made for the type of dan to be
built., It is understood that the prcfile of the gorge is not
well suited on engincering grounds to a thin-arch dam; the
foundations of a thin arch dam would nlso be in part on sheared
rocks associnted with the Googong Fault; this is undesirable.

In view of the fairly small area of very sound ground onc of the
thinner type structures such as a buttressed or cable-anchored
type is favoured if & gravity masonry dam is desirved. An earth
or rock fill dam would requirec far less cexcavation than a masonry
darz but would require considerable care in grouting over the much
larger and thicker zone of shallow open jointed rock, The
spillway leccation for an earth or rock fill dam would need careful
consideration because of depth of weathering in the main possible
spillway areas on both abutments.

Adequate construction materials arc in sight: aggregate
and rock fill from granite, limestone ; silicified sandstone or dcite
jimpermeable corc naterial from weathercd granite or slope wash;
and sand from the Qucanbeyan River.

INTRODUCTION

The Googong dam site is eight miles by road and five
miles in a straight line due south of Queanbeyan, N.S.W. Its
nilitary grid reference is: Canberra i-mile, 274259 and the.
elevation of the gauging weir on the Queanbeyan River at present
occupying the dam site is 2020 feet above sca level.

The site lies in a snall gorge below Beltana Crossing
on Googong Station. Access is gained by travelling 5 miles south
along the Queanbeyan-Burra road and then 3 miles east along the
Googong Homestead track to Beltana Crossing.

The Department of Works early in 1961 was asked by the
National Capital Development Cormission to prepare a feasibility
study of the Googong site as part of the Commission's search for
a site for a third dam for the Capital., The Department of Werks
in turn asked the Burecau to examine the geology of the site and
provided finance for drilling and costeaning.

PREVIOUS INVESTIGATIONS

Two dam sites on the Queanbeyan River, one at Googong
and the cther at London Bridge six miles farther upstrcan, were
selected by the Federal Capital Commission, which was the early
Governrient constructing authority for the Capital. The sites
lie in N.S.W. but under the Seat of Government Act the Federal
Government is entitled to obtain its water and electricity supplies
from land outside the Capital Territory.

The Googong site was prospected extensively by nany
shafts, adits and auger holes some time in the 1920's, Twelve
shallow shafts and one adit were nmined on the left bank and six
adits werc driven on the right bank. Also, thirty shallow
auger holes werc drilled along or ncar the axis of the proposed
damn., The location of the more important excavations is shown
on Plate 1; more complete details of these excavations ere given
in the plan and table of Plate 2,
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Dr. W.G. Woolnough, formecrly Commonwealth Geological
Adviser, visited the site briefly in July, 1929 and reported
fggourably on it (B.M.R. file: 170ACT/3, Part 1, folios 11 and
1 L ]

In 1954 the Department of Works requested the Burcau
of Minersl Rescurces to gather more geological information on
the site and to make any further corments considered necessary
on the feasibility of the site so that the Department could
comparc more accurately the merits of the Googong gite and a
site on the Cotter River (Cotter Site A).  The writer, assist-
ed by Geologist M.A. Randal,mapped the immediate site in detail
in 1954; +the work was done under the supervision of L.C. Noakes
then officer-in-charge of the Burecau's Engincering Geology
Group., Noskes and vhe writer reported on the investigation
early in 1955 (B.M.R. File 170 ACT/3, Part 1, Folios 31-33).
The investigation revealed that the geology was more conplex
than originally thought. A major fault had been discovered
immediately upstream and parallel to the proposed axis cof the
dam and the writers recommended further cexploration including
dianond drilling.

The Public Works Conmittee subsequently decided on a
site in the Uppér Cotter Valley and no further exploration was
dene at Googong. The writer of this report, however,
assisted sometimes by University sbudents, continued regional
napping of the catchment as time and other duties pernitted,

PRESENT INVESTIGATIONS

In May 1961 the Department of Works asked the Burenu
to undortake the additional exploration suggested in 1955
by Noskes and Burton, and to preparc a preliminary drilling
programre., The specified height of the wall wes increased
to approximately 150 feect; this introduced considerable
additional geological problems.

The writer, assisted by Fiecld Assistant P.A. Stolz,
mapped in greater detail by plane-table both abutments and
paid particular attention to the higher sections. Additional
costecaning was undertaken to define more accurately the
Googong Fault.

Subsequently, when a survey of Phalaris Saddle, a
quarter of a mile north-cast of the dam site, showed that it
was at spbout the same elevation as the proposed top water level,
the saddle was geologically mapped and a report written
(Burton, 1962).

A seismic survey to determine depth of weathering
in the dam site area was carried out by W.A. Wiebenga and
M. Kirton of the Bureau's Geophysical Branch between the Tth
and 15th September 19613 the results werc issued as a Bureau
Record (Wiecbenga and Kirtom, 1962).

From 13th April - 2nd May 1962 the saddle area was
similarly tested by M. Kirton and J.E. Gardiner and additional
work was done on the dam site. A report is being issucd.

Four diamond drill holes of total length 727 fcoet
were drilled by a team from the Snowy Mountains Authority
from the 20th July to 28th October 1961; the holes were

water pressure tested,
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Joint rosettes (Plate 4) were used to design drill
holes to intersect the main joint systems at the most
favourable angles. Logs of the four drill holes are given in
Appendix 3. All core from the diamond drill holes was
photographed while still in the split inner core barrel and
cach full core box was photographed before its removel to
Canberra. Complete sets of these photographs are held by the
Bureau's Engineering Geology Group and by the Department of
Works, Canberra.

The results of water pressure testing of drill holes
are given in Appendix 4 and results are illustrated graphically
in Plate 5. |

Cores from all four holes arc storad at the
Department of Works' Hydraulic Laboratory at Kingston, Canberra,

Some shallow costeans were also sunk but weathering
on the left bank and the instability of the higher costean
walls on the right bank limited thc use of costeaning to
defining the Googong Fault.

A report covering the geological investigations
and the drilling of the first threc diamond drill holes was
prepared in September 1961 (Burton, 1961).

PHYSIOGRAPHY

Within the area betwecen London Bridge and Googong
the Qucanbeyan River and its tributaries have developed a
broad, gently to strongly rolling, valley in soft Middle, and
possibly Lower, Silurian sedimentary rocks.

The valley is bounded on the east by flat~topped
hills of the Cullarin Horst (which is a fault block of
strongly folded Ordovician secdiments) and on the west by the
Googong Plain (elevation about 2450 feet), which is underlain
by hard dacite of Middle, and possibly Upper, Silurian age
(Plates 7 and 11).

Noticeable benches have beon developed in the velley
at elevations of about 2150 and 2300 feet, The river is at
present degrading and rapids are found above and below the dam
site.

The hills of the Cullarin Horst rise sharply as a
scarp along the line of the Queanbeyan Fault. The fault is
a high-angle reverse fault with a throw of about 3,000 feet.
A visual comparison of the benches of the valley with those
on the Cullarin Horst (also apparent from the contour on the
Bungendore 1:50,000 Military Sheet) shows a difference in
elevation of about 300 feet; +this may have been produced by
a geologically recent vertical movement or movements on the
fault. Relatively recent movement is also evidenced by the
V-shaped valleys and bevelled facets on the scarp face. The
northerly displacements of Bradleys and Valley Creek at the
fault further indicate the possibility of considerable
horizontal movement along the fault. The writer considers
that strain-slip cleavage near the fault provides evidence
for horizontal movement in Palacozoic time.
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At the dam site the physicgraphy of the left
abutment differs significantly friom that of the right abutment.
The left abutment is a rather isolated ridge; it shows the
steps of the valley's well-developed benches. The lower
60 or 70 feet of the profile is sharp where a morc recent and
rapid cycle of erosion has cut the main secticn of a gorge.

The two benches between 2080 and 2200 fect and 2300 and 2350

fecot are gentle slopes;the 2080 to 2200 bench appears to be a
multiple bench with two steps, a small onc about at 2080 and

another about 2170 fecet.

In contrast, the right abutment is abrupt and
shows little sign of the 2080-foot bench. It is on the
outside part of the bend in the river, wherc crosion is more
active than on the left bank. The stronger wrosion resulting
from this is aided by a favourable system of jointing ani has
produced the steep face which is nlmost free of screc and
deeply jointed surface rock. The very steep face at the
axis of the dam may however, be partly due to the prescnce of
granodiorite porphyry which is harder and less-—jointed than
The more widespread dacite (Appendix 3, Log of Diamond Drill
Hole 4). The two rock-types cannot be differentiated in the
field because of their mineralogical similarity.

The form of the left abutment is conducive to a
deeper piezometric surface, to more open joints and a
heavier overburden of soil and weathercd rock. Weathering
may extend to as deep as 25 feet near Plane Table Station E
and the piezometric surface may be as deep as 30 feet. :
The right abutment is likely to carry little overburden except
in shear or fracture zones near the Googong and other Faults.
The piezometric surface may be at 25 feet at Plane Table
Station SA.

GENERAL GEOLOGY

CATCHMENT AREA

The Queanbeyan River (sec Plate 7) rises in a belt of
Siluro-Devonian granite and Ordovician scdimentary rocks to the
south of Captains Flat and then runs east through the
Cullarin Horst, (which is composed of Ordovician fine-grnined
and strongly folded sedimentary rocks) to London Bridge. Near
London Bridge the river crosses the Queanbeyan Fault on ‘the
western margin of the horst and then flows northwards for about
seven miles mainly through Lower(?) and Middle Silurien
scdimentary rocks and in a few places through Iliddle and
possibly Upper Silurian igncous rocks to Googong Station and
the dam site. No Lower Silurian rocks have becn identificdj
the rogional geology suggests they may be present and probably
arc shale and fine sandstone with thin limestonc lenses.

The Middle Silurian sedimentary rocks are commonly lenticular
and consist of shale, tuff and minor limestone and sandstone
or greywacke; they have been described in detail by

J.J. Veevers (1951, 1953a, 1953b).

The Silurian rocks were strongly folded meridionally
during the Bowning Orogeny in late Silurian time (for morc
detail sec, Noakes 1954, Opik 1954 and 1958), The folding
and faulting appear to be more intense near the Queanbeyan
fault, In the later stages of the Orogeny and earlyin
Devonian time granite and granodiorite porphyry were
intruded into the folded and feulted Silurien rocks.,
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Shearing and jointing in the granite near the Queanbeyan Fault
indicatcs the probability of strong local faulting some time
after Lower Devonian time.

Considerable geological mapping has been carried out in
other ncarby areas of the Middle and possibly Lower Silurian
volcanics and scdiments and this work provides much information
on the scquence at Googong, which is difficult to map because
of the soil cover and strong folding and faulting.

The rcferences to the mapping are tabulated below:

Area Reference
Immediately south Phillips (1956)
and west of Queanbeyan
Googong to Bredbo Veevers (1951, 1953a and D)
Immediately north-east Moore (1957)
of Queanbeyan.
Immediately north of Oldershaw (Manuscript)
Captains Flat.
Queanbeyan - Burbong = Stauffer (Mapping in progress
Googong. - post graduate study,

Australian National University).

Little palaecontological evidence of the Silurian age of
the rocks in the Googong Catchment is available, Veevers (1953a)
attributes a Wenlock (possibly Lower Wenlock) age to his
London Bridge Formation which runs through the Googong Catchment;
this is Middle Silurian (possibly lower Middle Silurian).  Also
Joyce Gilbert-Tomlinson, who assisted the regional survey of the
dam in an inspection of a fossiliferous zone immediately west of
the Qucanbeyan Fault and on Valley Creek 2% miles north of the
dam site, attributes a Silurian age only to the zone.*

STORAGE

The storage area and dam site lie almost entirely with-
in the belt of Lower (?), Middle and Upper Silurian rocks
(Plate 11)., Lower Silurian rocks have not been identified bgﬁ
they could be concealed between the outcropping Middle Siluri ?
the Ordovician basement or be part of the very disturbed
sequence that crops out along the Quceanbeyan Fault and contains
extensive Middle Silurian sediments. If Lower Silurian rocks
ocecur they are probably sandstone and shale but they possibly
include thin limestone lenses.

One of the best sections in the storage arca is
immedintely south of the Googong Homestcad over an east-west
distance of 3 miles, The stratigraphic succession there is
approximately as follows:

* "The hornfels at Canberra 1-mile Military Grid
Reference 273295 yielded fragnentary shelly fossils, including
simple rugose corals, brachiopods, and trilobites. The state
of preservation docs not permit gencric identificaiion, but a
Silurian age is obvious." (Personal cormunication).
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TABLE I.
UNIT THICKNESS  LITHOLOGY PERMEABILITY AGE
A + 2000! Dacite Low- in joints and M
- fractures i
B 50" Tuff & shale neomoom o
c 150! Dacite Moom " 8 1 i
D 150" Tuff & shale neoomo ° 2
to
E 10 - 40! Limestone Probably very low, r
(lenses) unlikely to be U 14
cavernous P a
F 300! Shale & lime- Amost impermeable g B
stone lenses 5
G 50'? Limestone and Probably low- probably (2)
shale bands not cavernous.
H Unknown Fine-grained Low -~ joints and L to B
sandstone, fractures o M i
greywacke, shale w 11
and slate e d u
» 4@ r
T 1 1
e a
n
I Basement  Fince-grained Almost impermeable oY
sediments § ;
n

(Units 4 - c probably are part of or equivalent to the Kbcwong
Foliated Porphyry (Sharp, 1949), Gladeficld Volcanics of Moore (195
and Kohinoor Volecanics (Oldershaw, in preparation). Units D - H are
Veever's London Bridge Limestone).

The succession has a general westerly dip. Foldlng,
including overfolding, faulting and 1gneous intrusions are
common and become particularly pronounced in the area between
the Queanbeyan River and the Queanbeyan Fault, These
features, together with the widespread soil cover, prevent the
accurate reconstruction of the stratigraphic succession and
the table must be regarded as a rough approximetion only.

A considerable part of the northern storage arca is
bounded in the east by the scarp along the Queanbeyan Fault.
East of the fault sediments are probably of Middle Ordovician
age. They consist of at least 1200 feet of isoclinally
folded greywacke and siltstone-greywacke which commonly contain
thin interbeds, rarely more than 6 fect thick, of black and
grey slate. Some basic igneous rocks - quartz dolerite and
diorite - occur ncar Taliesin Homestead.

Zraverse '
Specimens collectedf?rom Taliesin Homcstead along
Valley (Jumping) Creck to the scarp arec described in Appendix 1.

DALN SITE _
The dam site lies in a gorge (Plcte 11) cut through
a belt of blue-grey Middle Si:).uL:r:':L'1 da018e (Unit A of Tablc'1)
which dips to the west at about 40 - 60, Few dips are
visible and possibly the structure is more complex than p
mapping has indicated: the configuration of strong outcrop
west of the northern end of the proposed axis of the dam

indicates a possible decrease or a reversal of dip in the
dacitce therc.



8.

Immediately upstream from the gorge lices a belt of
n scdiment and tuff (probably Units B, C and D) which are
thought to be older than the dacite but have been faulted up
agninst them by a major meridionnl reverse fault - The
Googong Fault. The sediments nre mainly slate, shalc,
greywacke, sandstone, calcareous and non-calcareous tuff and
thin beds of limestone. As they are older beds they may
also underlie the dacite at the dam sitec.

Immediately downstream from the proposed dam whe
river crosses a wide belt of granite which intruded the
dacite in Upper Silurian to Middle Devonian time; this took
place after the dacite had been strongly folded and faulted
during the late Silurian Bowning Orogeny. The order of
events established during field mapping and cxamination of
drill core is supported by detailed petrological examinntion
(Appendix I, Remarks).

ENGINEERING GEOLOGY

DAM SITE
General

The dam sitc is on massive blue-grey decite of
Unit A (see above). The dacite is closely jointed and
considerably sheared. The granite has thermally metamorph-
osed the dacite and in placces hns altered the feldspar.
linny of thc joints and shears arc infilled with veins of
quartz, quartz and epidote, calcite, and pyrite. The pyrite,
however, is not restricted to fracture planes but is
disseminated through the groundmass of the rock.

The dacite is probably a mixture of tuffs, ignimbr-
ites and laves; it varies considerably in grain size but
it was found impossible to subdivide the sequence in the
field. The sequence has been affected considerably by
later tectonic events and most ¢f the original textural
features have becn destroyed (sec Appendix 1),

On the northern and eastern parts cf the right
abutment and in Diamond Drill Hole DDH4 some slightly more
massive and coarsc rocks described as granodiorite porphyry
wore encountered (Slide No.7177, Appendix 1). It was
not possible to map these as separnte bodies and it is not
known whether they are coarser phases of the dacite segquence,
dacite metamorphosed by the granite, or fine-grained
apophyses of the main granite body,

The silicification and change in the lithology of
the dacite in the lower section of Diamond Drill Hole 2 and
the upper section of Diamond Drill Hole 1 also indicate
the possibility of a granodiorite porphyry intrusion
between these two holes.

Immediately upstream from the dam site the
northerly trending Googong Reverse Fault has brought beds
of the lower Units B, C and D up into juxtaposition with
the dacite of Unit A, The Googong Fault is thought to
dip about 80" east and the throw is comnsidered to be of the
order of 200 feet,



The Googong area, particularly between the
Queanbeyan River and the Queanbeyan Fault, is an area of major
faulting, shearing and close jointing. The strikes of the
main joints and cleavage at the dam site are shown in
rosettes on Plate 4. The strongest system of shearing and
jointing strikes about 010 degrees magnetic. The 010 system
is the oldest and corresponds to the regional cleavage; it is
parallel to the Googong Fault. As the granite shows no sign
of this joint system (see also Remarks in Appendix 1) it is
considered to be younger than the jointing. Two other
directions of jointing or shearing strike about 080 degrees
and 340 degreces and have affected the granitec. Small
crushed zones occur in the dacite in some places where major
joint systems intersect.

A careful examination of the area during the mapping
failpd to reveal any major plane of weakness along the river
at the site. Diamond Drill Hole 2 (Plate 5) showed fracturing
under the river but pressure testing suggests this is not
serious. The Googong Fault appears to be offset in the
concealed section in the river and mapping of the spur east of
the fault indicates the possible presence of several small
feults parallel to, but not in line with, the course of the
river through the gorge; in the gorge necar the north-eastern
end of the gauging weir there is also some strong jointing on
- the right bank parallel to the river.

The main problems which might be éxpeoted at this
site arc:

Bedding and Stratigraphic Weaknesses:

The dacite over much of the site is massive and no
evidence was found of any well developed bedding-planc joint
system which could act as glide planes dipping downstream
under the proposed dam.

Regional mapping of the Middle Silurian rocks has
shown that interbedded dacite tuff, shale, and other scdiments
arc common but drilling proved that the dacite is without
scdimentary inter-beds to 120 feet below and that the dam
foundations would therefore be free of weak or porcus zones
of scdimentary origin.

It will be noted in the logs in Appendix 3 that the
term'blotchy' has been used to describe the apparently
enlarged and possibly distorted feldspar phenocrysts in
considerable sections of the dacitce.

These feldspars have been altered by contact and/or
regional metamorphism (see also Appendix 1). The altered
phenocrysts commonly are less strong than the uneltered
feldspar; however, these rocks when occurring below the
weathered zone will not possess appreciably different elastic
properties. They may however be responsible for some of the
deeper zones of weaker weathered rock, Tests should be
carried out on a fairly large suite of specimens from the
preliminary drilling to examine this question. Laboratory
ultrasonic testing, seems to be a suitably rapid method
of testing the core while still preserving it for later
inspection.,
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Beds of the lower units, B, C and D, probably exist
at depth but under most of Section abec on Plate 1 they must
lie at more than 110 feet (as proved by Diamond Drill Hole 1)
below the surface (Plate 10). At this depth they will not
cndanger the stability of the structurc. Their permeability
is discussed in thc next section.

Permeability:

None cf the dacite mapped showed intergranular
porosity and none is expected becnuse much of the dacite is
ignimbrite and 2ll of it has been regionally metamorphosed.
Mapping did not reveal any columnar jointing or any other
depositional structure likely to result in lealage. The main
problem is permeability due to fractures and joints of the
dacitc or permeebility of any porous scdimentury beds under-
lying Unit A. :

The nature of the jointing and fraocturing is quite
important. The dam site lics within a wide belt of strong
shearing extonding at least from the Queanbeyan Fault to a
probable fault along the Burra Road at the Googong Roadside
Mail Box. This belt is probably & contimuation of the helt
of strong shearing between the Quenczbeyan Fault and Sullivan's
Linc east of Canberra.

The Silurian rocks at the dam site are very closely
jointed. The nearby granitec, howcver, has filled many of the
original fracture plancs with thin veins of clffcite, epidote
and quartz-epidote. This has prodaced two different cffects
above and below the piczometric surface. Below the piczometric
surface the rocks are gencrally at sufficicat depth and under
sufficiont load not to have sprung open ~nd hence arc still
sealcd by wein material or otherwise tight. The results
of water pressure testing confirmed this,

In the shallower zono above the water table the
joints have sprung as a result of unloading and permitted
air and water to dissol¥e and oxidise the pyrite; the
resulting acid has dissolved the calcitc. The quartz-
epidote and quartz veins however are more common than calcite
veins and, as they are highly resictant to weathering, they
have preserved the faces of most joint blocks and prevented
strong weathering. The fresh open-jointed rock in this
zone nay be suitable for grouting thereby reducing the nmount
of excavation requirecd.

Water pressure testing (Plate 5) showed that the
dacite is almost impermeable below the piezometric surfecc and
should present no great problem of leakege. Some localized
shears can be expected and these will require careful
grouting. Scil and weathering have preyented mapping of al
shears but several striking at abont 3407 are expected to be
encountered in the lower 60 feet ¢f the left abutment.

Although the dacite is almost inpermeable therc is a
possibility that water could leak from the storage through
sedimentary beds which may occur beneath the dacite. This
possibility is illustrated in Plate 10; the prescrnce of the
sediments in this diesgram is hypothetical; they have not been
encountered in any drill hole. If the beds cxist some watcr
could onter them through outcrops upstrecam, through the
Googong Fault or through subsidiary shears., If the beds are
permeable the water wculd pass along them beneath the grout
curtain and up any major shears downstrcam from the danj
the less-fracturcd granite would act substantially as a bar
to continued flow in bedrock. Flow up through the shears
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would be very low; Dimmond Drill Hole 1 (Plnte 5) shows that
even strong shears in the dacite have a very low pernmcability
at more than 100 feet below river level: in fact the dacite
because of its great thickness would act as an agquiclude or
cap over the sedimentary rocks. A 200-foct vertical hole is
recormended on the upstream side of the dam to check whether
any deep leakage path exists below the dam site and to deter -
nine more accurately the depth of grouting that would be
required.

In Diamond Drill Hole 3 a quertz reef (probably ‘the
centinuation of the reef cropping out 10 feet south of DDH 3)
was cncountered. The permeability in the zcone of the racf
appears to be high (0.3 gallons per mimute per foot lengtih
of drill hole under 21 pounds per square inch pressure,

Plate 5), but the reef was encountered close t0 the
piezometric surface where joints are commonly open and
permeable. On the other hand quartz recfs arc cormonly
fairly permeable and it will be advisable to watch this pcint
in further testing.

Innediately north of the right abutment geological and
geophysical work has indicated an cast-west fault, Fault 4,
and a concomitant deeply weathered zone in the dacite. The
depth of weathering as shown in the geophysical work indicates
that a spillway in this area, as was envisaged in one of the
tentative designs, would require considerable excavation and
replacement by concrete and would be very costly; the material
removed would not be suitable for rock-fill in an carth dam.
Further testing of the permcability of the postulated fault
will be nccessary.

Piezometers should be installed on the abutments,
particularly immediately downstream of the dam site during
design investigation, and should be read at rcgular intervals
from the time of installation.

Clay Scams:

No major clay secams were okbscrved on shears during
diamond drilling. Some thin seams of less than §" were seen.
These should not create any great difficulty during
construction as most are probably necarly vertical. Care
should be taken during grouting to wash these out as thoroughly
as possible. A strict watch however should be kept for
thicker clay seams during further drilling, excavation and
grouting.

Breccias

Some small zones of crush breccia werc secn in
Diamond Drill Holes 1 and £; they apparently were formed at
the junction of joint and shear systcms of different ages.
The crush zones should not be a sc¢rious problem during design
and construction but a small amount of 'dental work' may
be expected. One crush zonc was mapped and is shown on the
right bank in Section abe (Plate ).

Reactivity:

The possibility of the dacitc being rcactive with
cement has not been checked. This should be investigated;
if the dacite is reactive a2llowance should be mnde for the
possible weakening of the bond between the dacite of the
foundations and the masonry of a concretc dom.
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Depth of Excavation

Three indicators (Plate 3, Section abe) are available
for determining the depth of excavation. The first, geologic-
al evidence, is restricted to a few shallcw shafts and drill
holcs. This limited evidence, particularly in an area with
many shears, is poor..and probably underestimates depth to
sound rock.

Additional evidence is from the depth to the piezomet-
ric surface, above which rock tends to be weathered. The
piczometric surface, even though only determined in a few
places, tends to act as a bulk samplc and indicates the
overall depth to very sound rock, At Googong thesc
observations are confirmed by the pressure testing of drill
holes, which show a gharp reduction in pormeability below the
present piezometric surface.

The third cevidence is from scismic investigations.
This again is a bulk sample and subjcct only vo the accuracy
of the measurements in the particulsr geologicnl environment.
In this regard the geophysicists state (in a personal
communication relative to the Gocgong survey) 'that duc to the
reletive insensitivity of our seismic technique when applied to
shallow depths of bedrock the uncorininty in the depths shown
along traverse P is about 5 ft. 411lowing for a similar
uncertainty in the depths along traverses B, C and D, and the
fact that the cross-over points were not precisely locatcd,
the average depths should agree with (your) geological
estimates to within the above limits of accuracy.' Further,
the 'bedrock' as determined by geophysical work on the malin
part of the site, is rock having a velocity of 15,000 to
18,500 feet per second and some of tiie overburden to this
"bedrock" is undoubtedly sufficiently sound to provide suitable
foundaticn rock,

In view of the complexity cf jointing and shearing
insufficient testing has been dons at Googong so far to
provide rcliable figures for the probable depth of excavation
for a concrete thin arch type structurc. The figures in
Table II, based on all available cwidence, are considered to
have an accuracy of about plus or minus 2 feet; the crror is
nore likely tc lie on the side of zn overestimation of
excavation, Small shear zones which will roguire additional
excavation and filling must be expected. The figures allow
for the levelling of sharp bedrock ridges as the actual firm
bedrock will probably be a very uncven surface.

TABLE II

Depth of Excavation (measurcd vertically)

(a) Right bank: 5 t¢ 19 Tout
Average about O feot.
(b) River Section: 4 to 9 fcot
Average about 5 feot.
(¢) Left bank: 8 to 25 foot
(Small arcas near granite
on western end 25-32 foot)

Average about 15 feet.

The figures given above are for Section abc, Depths
of excavation may increase away from this linec.
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Location and desigr.:

The best site for the dam appears to be along and
slightly west of Section Line abc on Plate 1. The approximate
area suitable for detailed design investigation has been
outlined around the Section abc on Plate 1. Farther east
there is considerable shearing, associated with the Googong
FPault, and lower bedrock velocities were encountered in the
seismic traverses. If sited much farther west the southern
end of the wall would rest on granite, and this granitec i3
expected to be deeply weathered on the higher ground, whore the
piezometric surface has been decp, Site abe has the following
features:

1. It is sufficiently close to the granite to benefit
from hardening and sealing of the dacite by the
granite but far enough away from it to avoid the
danger of deeply weathered granite.

2. It is sufficicntly far from the Googong Fault to
avoid most of the worst shearing.

3. It is close enough to the granite to reduce to a
minimum the possibility of water escaping beneath
the dam through any sediments that may occur beneath
the dacite.

4, The site has a tested scction of at least 110 feet
of dacite bencath much of its axis line.

It should be kept in mind that much of the top
permeable zone with moderate seismic velocitics may be fresh
material with open or slightly sprung jcints, and that this
material, although possibly not suitable for foundations for
a thin arch dam, will be amenable to grouting and may provide
suitable foundation rock for gravity-type dawms, including
carth anl rock dams.

In view of the limited arez of sound foundation ucar
the axis linc abec consideration may have to be given to the
possibility of a thin section grevity dam of the buttreis-
type, or the stressed-type anchorcd by prestressed cables,

The very fractured naturc of the rock in the foundations is
unlikely to prevent the use of pre-stresscd cables but depth
and anchorage of the cables will nced considerable care.

The presence of considerable quantities of pyrite in the dacite
of the foundation and the possibility that the pyrite would
act as a corroding agent on the cables must be considered.

An carth or rock fill dam will rcquire very muchk less
excavation than a gravity dam but will rcguire comsiderable
grouting of the upper jointcd zone over the large area of
foundations. The possibility of some scismic activity
near the area must be considered when deciding between these
two main types of dam.

The Department of Work's engineers state that the
topography of the gorge is not suited to a thin arch dam and
that the foundations of such a dam would extend over the
Googong Fault,

RIDGE

Between the dam site and the scarp ot the Queanbeyan
Fault a long ridge consisting of Browns Spur, Phalaris
Saddle and Beltana Hill (Plate 8) forms a natural
oontinuation of the proposcd dam. The ridge can be
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considered to be water-tight except within 50 or 60 feet of
the surface, and in zones of majcr shearing.

Much of the ridge is composed of Units A, B, C and
D and smaller arcas of Units E aond F. A large granite
intrusion occupies much of the esstern end of the ridge
around Beltana Hill, Units A to F have all been
considerably shecared and probably some are overturnced. In
addition several faults probably cut the ridge almost at
right anglecs.

The lowest and narrowest part of the ridge is
Phalaris Saddle a quater of a mile north-cast of the dnm sitc
which, at its lowes® point is at 2160 feet clevation.

Appreciable leakage before grouting for a dem
about 150 feet high (i.e. top water level 2160 feet) would be
restricted to the low arca about 1200 fect long at Phalaris
Saddle and to the major faults, including the Googong and
Queanbeyan Faults. It is ccnsidered thot the water lcss
through these two faults would be small,

SADDLE

The saddle has been formed in a sequencc of slate,
tuffaceous shale, and dacite tuff (probably Units C and D)
which dip at about 80" north-east,

The slate has been intruded at the eastern end of the
saddle by a biotite granite of Upper Silurian to Middle
Devonian age similar to the granite at the dam site. The
granite appears to have also intruded and rcplaced a limestone
and shalc sequence (probably Units E to G).

o A strong cleavage, of stirike about 170° dip about
70° east, is developed in the sediments and volcanics. The
granite is not cleaved but is strongly jointed.

The boundary between slate and dacitic tuff appears
to be gradational over a very short interval. No dips were
seen in the descite tuff, which is assumed to be conformable
with the slate. One rather doubtful dip measurement on a
graded silicified arenite or tuff near the granite indicates,
if wvalid, that the sequence has becn overturncd and that the
slates, which are the older beds, now overlie the dacite.

The dacite that crops out strongly midway betwezn
Plane Table Stations B and C is possibly silicified;
silicification could signify the presence of a small granite
intrusion beneath the arca. Low velocities obtained in the
course of the seismic testing suggest that the boundary bet-
ween the dacite and slate may be a fault. Little
geological evidence for a fault was found except some strain-
slip cleavage several hundred fcet south of the saddle.
Other possible explanations of this low veclocity zone would
be caving around an undiscovered limestonc lens hi'gmépd% 8vlc
saddle or deep weathering and opening of joints, ged g?
ground water movement along the boundary of the less
permeable slate.

The results of the seismic survey suggest thet the
boundary of the granite at the "bedrock" lics at least 100
fcet farther east than mapped by the writer at the surfaccs
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the discrepancy is probably accouvuntcd for a postulated
casterly dip of the boundary (Section, late 6). Dip would
similarly cause the small difference in the geological and
giophysical assessment of the boundary between dacite and
slatc,

On geological evidence decomposed rock is likely
to extend to a depth of about 10 feet in the tuff, 8 feet
in slate and up to 30 feet in granite, and is likely to be
highly permeable. Weathered rock is expected to cxtend
5 - 10 feet below the piezometric surface (see Section, Platc6)
and to be very permeable (comparable 1o DDH 3, Plate 55;
weathered dacite and granite arc probably more permeable than
weathered slate. Permeability at grcater depths is expected
t0 be slight except in major shears or faultsz such as the one,
indicated by the seismic work, at the contact of the dacite
and slatesd

Despite the marked permeability of the weathered
rock,treatment may not be neccssary because of the width
of the saddle. However the matter requirecs testing by
permeability tests, As a preliminary opinion it is suggested
that allowance should be made for grouting to fresh rock (and
deeper in any shear zone) and for a thin concrecte cut-off wall
of average depth 10 fecet to seal the decomposed rock. Soil
cover, which is negligible will need to be stripped off,

As only a 10-20 foct high earth embankment will be
rcquired in the saddle, strength of both the decomposed and
weathered rock should be adequates,

During the early part of this investigation
consideration was given to using the saddle as a possible
spillway area. This plan was rejected when it was found that
the creek immediately north of the spillway area, which would
act as the race, contained 20 feet or more of unconsolidated
sediments and that there would be a serious problem in
removing these and stabilizing the sides of the spillway race.
However, as discussed in the section on materials, the
unconsolidated sedinents in this area may be suitable as an
impermeable core for an earth and rock dam; if they are it
would be possible to remove most of the loose material and
consideration could be given to stabilizing the sides.

Should this be possible the main problem will lie in the.
probable need to excavate the deeply weathered material
revealed by the seismic survey at the crest of the Saddle
itsclf.

STORAGE

It can be secn in Plates 7 and 8 that much of the
Googong storage is underlain by sediments, including limestone
and sandstone. It is considered, however, thet thc danger
of major leakage through permeable beds is negligible.

The limestone are known from regional surveys to be
lenticular and have rarely been obscrved to extend more Then
one or two hundred yards. Wynn (1962) however, mentions a
limestone nbout 80 feet thick and 1600 feet long ncar Sunsct
Homestead immediately north-cast of the entrance to Googong
Station (Platc 8). The limestonc lenses are commonly cut by
faults and igneous intrusions and meny arc thinly bedded
and contain shale bands, With the exception of the London
Bridge cave, which is probably the result of abrasion rather
than solution, no myjor cavities have been observed in the
limestones in or near the critical area of the storage; at
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the ,ridge east of the dam site any limestones that may exist
would have been below the piezometric surface for most of the
time since deposition and are therefore probably free of
solution joints and caves.

The sandstone is fine-grained and metamorphosed, and
no pormeable beds have been observed in it. A more detailed
examination of outcropping sandstone,is, however, recommended.

: Veevers (1953 - a and b) writes o¢f the sediments of
Units A to H (which he called thc London Bridge Limestone after
mapping them in detail at London Bridge and inspecting them
at various points from Googong Homestcad to Bredbo, #0 miles
farther south) 'the lithology of the London Bridge Limestone
is interbedded normal marine limestone, both :'assive and
bedded types, calcareous sub-greywscke, sandstone and siltstone
and calcareous slates, The beds arc lenticular in shapce and
when followed along the strike change imperceptibly in
lithology say from limestone to & calcareous slate'. Also,
"the maeximum thickness of this London Bridge Formation is
approximately 1500 feet at London Bridge and about 100 feet
thick one mile to the south. At places this formation
cannot be recognised due to extren: stratigraphic thinning
and/or adsorption by the quartz fcldspar porphyry!'.

The whole storage has not been mapped in close detail.
To do this is a long and difficult process because of soil
cover, the weathered nature of meny outcrops, the complicated
structure due to faulting ond shearing and because of
difficult access to much of the arca south-east of the dam site,

As limestone and shale ¢f Units D to G mark the line
of the Queanbeyan River and its right bank immediatcely cast of
Googong Homestead this arca and that ncarer the ridge were
examined in detail.

Detailed outcrop mapping should however be carried out
during any design investigation until thc storage area 1is
covered by mapping at a scale of 400 feet to the inch, using
the detailed topographic map of the storage recently prepared
for the Department of Works by the Snowy Mountains Authority.

he usc of a power auger would assist mapping cf the
boundary between the granite, and slate and limestone ncar the
Queanbeyan Fault and Beltona Hill (Plate 8).  Thick soil and
scree prevented accurate mapping in this area of possible
lecakage. Although sufficient was scen to indicate that no
major problem of leakage exists it would be advisable to
investigate the area further.

It should be noted that the top water level of storage
corresponds tc the top of an old bench in the erocsion cycle
of the valley. A short distance ¢bove this bench a steep
slope begins, This is particularly noticeable on Feagan
Trig. If top water level is raised o 2150 feet the
piczometric surface would rise to just above the level of the
cld bench and would probably producc a series of springs that
would tend to undermine the thin scil cover on the stecp slope.
Some vegetative cover may therefore have to be established
to stabilize slopes and prevent discolouration of the water.
The surface of the water would be more exposed to wind than
it is in the present storages in the steep Cotter Valley and
wave action would assist in the undercutting of any bordering
slope.
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RUN-OFF

The water received at Googong gauging weir ip
reported by officers of the Department of Works to be only
about 7 to 8 per cent of the annual rainfall in drought years;
this very low catchment efficiency has prompted the query
whether or not limestones in the storage area arc diverting
part of the flow past the Googong Weir. Geological evidence,
however, suggests that such low yields arc normal and in
keeping with the geology and physiography.

Granite, which occupics much of the higher parts of
the catchment, weathers deeply in the Canberra region. The
weathered granite acts as an cxcellent host for water which
has percolated to the water tablec but has a .rather low
permeability. The granite also commonly develops rolling
slopos and a cover of permeable wash, which are conducive
to good infiltration. The presence of the granite in the
higher country of the catchment wherc the precipitation is
greoater also results in greater infiltration; the
precipitation includes both rain and snow in the high
country.

The hydrological cffect of the granite on the strean
flow of the Queanbeyan River is probably. to take into
storage large quantities of watcr in periods of above normal
rainfall and normal rainfall. This water is rcleased as
part of normal underground water depletion flow into the
Queanbeyan River with a considerable time delay. Hence in
periods of long-continued high rainfall the flow of the
Quecanbeyan River benefits comsiderably from carlier
infiltration into the granite; this effect continues for
some time into periods of below normal rainfall., However,
if the dry period is prolonged the yield from the granite
may diminish greatly and even when rainfall returns to normal
discharge of groundwater may increase only slowly becausc of
the low permeability of the granite, The overall effect of
the granite is to retard considerably the transfer of much
of the precipitation to the Quecaribveyan River.

Much of the remainder of the catchment is covered by
soils and weathered rock having govod porosity but very low
permeability; the topography is... combination of gentle plains
in the high country and genth?&teop rolling slopes with
several benches in the lower country. Infiltration on the
gentle slopes is great but the low permeability results in
a very high cvapo-transpiration loss, Thc benches
commonly result in both diminished run-off and lcss of soll
water and deeper underground water threcugh springs that are
subject to evaporation, These conclusions are confirmed
by studies, over four years, carried out on the recharge of
underground water in fractured rocks around Canberra. The
studies suggest that recharge (percolation as distinct from
infiltration) is much lower than originally thought and thet
except in latec winter to early summer and in very favourable
areas (such as thc arcas of granite in the headwaters of the
Queanbeyan River) most infiltration is lost by evapo-
trauspiration, This loss will probably increcase with
increasing pasture improvement and the introduction of
phraetophytes, including clover. '

In an effort to see if there was any loss of
river flow through limestone, officers under Mr. J. Edwards
of the Department of Works undertook, after discussion with
the writer, trial river gaugings above and below points where
the river interscets the main belt of limestone. The
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preliminary tests were inconclusive and will probably be
repecated.

CONSTRUCTION MATERIALS

Numecrous sources of aggregate, sand and rock and carth-
fill are available within a radius of six miles of the dam site.
Each requires considerable exploration before it can be
assessed. Owing to dissection in the arca sone deposits wculd
require circuitous access routes.

Brief notes on the various naterials are given iz the
following scctions.

Agercgate for concrete.

Therc is one major quarry, the Qucanbeyan Quarry, near
the area. It supplices granite and several other types of
aggregate.

The haulage distance, hcowever, from the Queanbeyan
Quarry is about six miles; there shuuld be little difficulty
in developing a suitable quarry in granite or dacite ncarer the
dan. Other possible rock types ncar the dam which may be
suitable for aggregate are limestone,; greywacke, quartzite and
sandstone and river gravels.

1e Australian Blue Metal Limited operates the Queanbejan
Quarry, a large quarry about 5 miles north-west of the dam site
(Locality 1, Plate 7). The gquarry has mainly yielded granite
aggregate but small faces have als¢o been developed into
hornfelsed greywacke, limcstonc and dclomite. The geology of
the Company's area is complicated by major and minor faults

and the granite shows considerable contamination near its
boundary with neighbouring sediments. Considerablc pyrite

is present in places. Consequently when first grade aggregate
for structural concrete is drawn from this source strict quality
control should be maintained. In the early stages of develop-
nent of the quarry granite samples were appraised as unsulitable
for the construction of the Woden dan. Adequate reserves arve
available.

2, Granite or granodiorite crops out immediately downstream
from the dam site. Adequate quantities of sound granitic rock
are available. The granite is poorly jointed in meny places and
like most granites would probably be hard to crush. Weathering
is pronounced where depth to ground water has been or is great:
the soundest rock probably occurs within about 90 feet of river
level and wherever the river has removed most of the thin
weathered cover. One of the best sites for a quarry may be
near the former alternative dam sitc, about 250 yards downstream
from the present site.

Another possible site is a coarse intrusive rock which
crops out on a small hill immediatcly behind (i.e. south of)
Googong homestead and by the river. It should be casy to
develop a sound quarry face there and the resulting quarry
would be covered by water when the dam is complete.

The granites probably contain rather less pyrite than
the dacite.
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3o Dacite cropg vat extensively in the Googovwg arca and
if deeply weathered arcas are avoided there should be little
difficulty in selecting a quarry site close to the dam. The
main problems with the dacite are: it commonly contains
considerable pyrite; it may be recactive; and it is severely
stressed and sheared,

4. Limestone occurs at numerous places in the arca.

Most of the deposits occur as steceply dipping lenses, many

of which arc sheared; some arc faulted and somc which are
near granite are possibly intruded at depth. Each dcposit
neceds careful exploration. The most promising deposits arc
near 'Sunset' 2 miles west-north-west of the dam site

(Locality 4, Plate 7) and at London Bridge about G miles due
south of the dem (Locality 6, Platc 7). Wyno (1961)
investigated the "Sunset' deposit as a source of concrete.

He indicated reserves of 1,260,000 tons of limestone, marble,
and dolomite. Some unfavourable featurcs noted were: thin
shaly partings were present in one specimen which wes examined,
another showed prominent bedding planes which would yield a
tabular aggregate, and another specimen was too weak to provide
suitable aggregate.

4. The hills that lie beyond the Queanbeyan Fault, 4
miles to the east of the dam sitc, nre composcd of hard
Ordovician siltstone-greywacke (similar to a very finc hard
sandstone) with interbeds of blacik slate. It is very
doubtful if a sufficiently thick section of greywacke frse of
slate could be found for gquarrying.

e Quartzite, silicified sandstonc and sandstone occur
in small areass on the right bank of the river about 1 mile
south of the dam site (Locality 7, Plate 7) in Unit H.

These beds have not been investigated in detail for quarry
sites but are worth prespecting. Sites which would be
beneath top water level may be found. Material similar

to the sggregate used at Bendora Dam may be available although
the Googong sandstiones are likely to be more silicified.

6. Outwash gravels of hard $reywacke and hard slate
occur on Bradley's Creeck (Plate 8) and other major eastern
tributaries of the Queanbeyan Rivur for some distance aftcr
they debouch on to the lower country. Some of thesc depcsits,
particularly those on Bradley's Creck, may be suitable for
working but they nced careful investigation.

Sand for Concrete

Sand supplies seem assured from banks tn the
Queanbeyen River but considerable testing is required.

The Queanbeyan River is strongly degrading. Sand
and gravel banks are probebly th!: and variable; sufficient
reserves should however be availsl Ze. In view of the
variety of rocks in the catchment the guality of the sand
should be examined carefully. Main danger lie in excessive
amounts of flaky rock fragments from the Ordovician rocis,
weathered feldspar and possible high mica content ncar
granite sources, and reactive and flaky material from the
Silurian dacite.

The nearest suitable deposit is probably on the hig
bend of the Queanbeyan River % mile south-east of Googong
Homestead. Only a rapid visual inspection has been made of
this bank,
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Rock-fill

Rock for ecarth and rock-fill dams appears to be
readily available. The sources would be the same as for
concrecte aggregate; the best for rock-fill is likely to be
the dacite.

Filter materials for ecarth dams

Adequate supplies appear to be available in the bed
of the Queanbeyan River (sce scction on Sand) and in the
outwash gravels ncar Bradley's Creck (sce Section 6,
Aggregate). Another possible source is =2icecnings from
the Queanbeyan Quarry or any quarry develcned for rock fill
in the sources mentioned above.

Impermeablce core material

A considerable range of prospects for impermeable
core material have been delineated but the most suitable
still rcecquire extensive testing.

Two quarries or borrow pits lie about 5 miles north
of the dem. These are too distant to be useful but zgive
some idea of the weathering paitern in the oren.

Th% first of these is a very small quarry or
borrow pit/KE8 %been worked on the opposite side of the
Queanbcyan - Burra Road from the A.B.M. Quarry (Locality 2,
PlateT). This guarry was developed by an unknown operator
in deceply weathered granite, The site is high and the
water table would have been very deep (about 50 fect).
Decomposed granite (granite so deeply weathered that it
shows very little of the original granitic texturc) forms
only about the top 14 ft of the profile. Beneath this lics
more permeablce weathered granite. Much of the originnl
decomposed material probably has becen removed from this
stecp exposed ridge by both wind and rain. Similar
conditions probably apply on sti.ep slopes ncar Googong.

The material from the guarry was uscd apparenbtly
for base course of roads.

The Queanbeyan Council developed the other small
quarry, (Locality 3, Plate 7) buside ithe rced at Barrack
Creck, about one mile north of the A.B.M, quarry. The
quarry yields a mixture of weathered and decomposcd granitc.
Reserves appear to be small.

The main possible sources lie quite close to the
dam sitec. Some of these deposits were visited with
Messrs. A.D, Hosking, and A.D, McConnell, engineers of the
Snowy Mountains Hydro-Electric iuthority and their cooments
arc given in Appendix 2. The deposits which were inspectied
had been delineated by J.K, Hill from the larger arcas
selected by the writer. The deposits were augered by Hill
prior to the visit of the Snowy Mountains Authority cfficers
and Hill's comments erc given in Appendix 2.

The main prospects are as follows:

Y Weathered granite and dacite occur extensively
through the area in topographical situaticns which arc
conducive to both weathering and retarded erosion. The
granite weathers more casily and for this reason is the
more likely prospecct. J.K. Hill investigated scveral



deposits (Plate 8). Of these the most interest.rz appear
to be A,D and C. Messrs. Hosking and McConmneli, of the
Snowy Mountains Authority, drew sitention to the importance
of kceping quarries within the storage arca and below top
water level; as a result further prospecting was carried out
and a possiblc new prospect at Bentty's Spur (Locality 8,
Plate 7), three quarters of a mile south of Googong
Homestead was located. The deposit consists of two sharp
hills which possibly have shed most of their weathered
mantle; they require careful cexamination including some
preliminary augering.,

2, Wenthered shale. Seismic velccitics obtained on
the slate and shale at Phalaris Saddle suggoest thnt deposits
of this material could be sufficiently weati:zred on ridges
t0 be usable in an impermeable core. The shale

two hundred yards west of Locality T, Plate 7, may be worth
investigating: it would lie below top water level.

3. Soil., Banks of wasted soil up to 20 feet thick
occur along the valleys of non-perennial crecks immediately

downstream from the dam. The benks arc stratified and the

matorial has a wide range of perucability and plasticity. If

carefully worked these could yicld a suitable mixture. The

gost pgomising arca is shown at Station Creck, Locality E,
late S.

4. Alluvial material in river flats. Large alluvial
flats occur on the lower reaches of Bradley's Creek near its
junction with the Qucanbeyan Riwver, Their compesition is
unknown; they are probably a mixture of soil containing
considerable organic material, iine scdiments ané thin
gravel beds.

SEISMICITY

No epicentres of major carth tremcrs have been
reported from within the proposed Googong dom sterage area.
Some strong tremors however have been reported on the
Southern Tablelands and Snowy Mouatains ?Joklik, 19513
Taylor 1910; Burke-Gaffney, 1952).

The Snowy Mountains Authority and the Department of
Geophysics of the Australian Naticnal University in 1958
began a detailed study of this seismicity. Seismographs
were instslled at Wambrook, Jindabyne, Geehi, Cabramurra,
and Canberra. Collation of the results from these
instruments has commenced and is yielding useful information
on the Canberre region (Cleary, Loyle, Moye, Manuscript).
Records include numerous minor shocks near Sutton, 18 niles
north of the dem site.

Hence pnst information Cces not indicate any major
seismic hazard in the Googong area. When design of the
final dam structure commences howover, the evidence then
available from the Australien Naticnal University and the
Snowy Mountains iuthority should be obtained and studied
to sce what allowance for seismicity should be made.
Particular attention should be paid to evidence suggesting
recent movements of the Quoeanboyan Fault or Sullivan's
Linc.
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CONCIUSIONS

Vs The site sclected is suitable for a dam 150 fect
high of yet undctermined design. The site is kncwn to be
underlain by over 110 feet of strong massive dacite.

2. A thin arch dan is not favoured but the site lends
itself to either a prestressed conecrete structurc or a
rock-fill dan.

3. The axis line recommended for design investigation
lics approxinately mid-way between the granite intrusion
downstream from the dacite and the Googong Ieult upstrean.

4. The dacite is closely jointed and is cut by sceveral
important faults and shears. The Googong Fault is bounded by
extensive shears and produces lower bedrock seismic velocity
than nost of the dacite.

e Weathering and open-jointing arc nore pronnrunced on
the left bank than on the right bank because of the geomorph-
ology and depth to the piezometri. surfacec,

B The granite weathers decvly on higher ground and in
such positions the weatherced rock is weak and has high
perneability.

Te The intrusion of the granite has filled many of the
joints in the adjoining dacite and has scaled meny of t.c
joint plancs with veins which resist weathering.

8. The main factors on the sitc to be considered are the
depth of excavation to sound rock and pcermeability of
fractures and shears.

9, The depth of excavation hos not been fully detcrmined
but is expected to average about 15 feet on the left bank,
5 feet in the river section and § feet on the right bank.

10. Pressure testing has shown that the permeability
beneath the piezometric surface is low and that grout takes
will not be great. Grouting however will need careful
supervision because of the abundaace of narrow joints and the
presence of thin clay scecams.

11. Fault A, on the right bank, nceds careful testing
because of possible leakage along it.

12, - The presence of considerable areas of deep weathering
on both banks downstream from the site will require careful
siting and design of the spillwa; .

13 Considerable further testing is needed during
design investigation.

14. Phalaris Saddle, north-east of the dam, woull recadily
support a low retaining cembankment but needs testing to

define the permeability of the upper jointed and weathered
rock and the possible fault between the dacite and slate.

15. If the saddle is chosen as a spillway site the depth
of cxcavation will have to be examincd carefully and the use
or removal of unconsolidated wash in the arca of the race
investigated.



164 The storea.,. area conhnins fine sandston: 2:.d limestone
but they are not expected to provicde leckage paths.

174 Some loss of water from sivorage is expected to occur
along the Queanbeyan, Googong and other faults but the total
loss will not be excessive,

18. The Queanbeyan Fault may still be subjcecct to minor
movcuent and may provide seismic disturbance.

19. Sufficient construction materials are in sight but
recquire considerable testing.

REC OMMENDATI ONS

1. The site is considerably shearcd and it is impossible
to delincate and study all shears and broken zones at the
surface. Consequently most of the site should be covered
adcquately by diemond drilling, and pressurec testing. The
following holes will probably/PE&quired in the course of
design investigations

(n) A 200-foot vertical hole on thc right bank on the
upstream side of the axis linc to test further the
beds below the axis.

(b) A scecond hole under the river from the right
embankment to supplement information from the left
bank hole (D.D.H. 1) ard to intersect the crush
zone on the right bank.

(e) One or two holes totalling about 300 feet on the
right abutment below Diamond Drill Hole 4 to
supplement information in the adits therec.

(d) A hole about 100 feet long between Diamond Drill
Holes 1 and 2 to test the low bedrock velocities
reported in Seismic Traverse K,

(¢) Onec or two holes totalliug about 300 feet to tost
Foult A (Plate 1).

(f) Two holes totalling about 300 fect to test the
Phalaris Saddle Areca.

houll
All holes wafﬁﬁ%ater pressure tested,

2. Diamond drilling may need to be supplemented by
visual inspcction of foundations to determine accurately
depth of excavation; this is most important in the upper
sections of the abutments wherc ti:2 piczometric surface is
deep. If the holes recommended ‘..>ve fail to provide
sufficient information on the strength & water—tightness of
the abutments a shaft at about R.M. 2110 to 2120 fcot on
both bnnks should be considered tov permit inspecction.

3. It was not possible tc¢ determine fully the clastiwc
properties from the seismic work done to datc and at the
Googong site this is important if a masonry structurc is to
be built because of the degree of jointing and naturc of the
weathering. It is inmportant to determine the elastic
properties on bulk samples in situ rather than on smnll
excavated samples. Accordingly detailcd seismic testing
of the foundations should be undertaken. This should be
supplemented by laboratory ultrasonic testing of drill cores
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of existirg and new driil holes. During the core testing
attention should be paid to core showiing saussuri-isation and
kaolinisation of the feldspar.

4. In the final stage of investigations a small nunmber
of 20-40 feet deep drill holes may be needed to define
bedrock over the whole axis line.

5 Outcrop mapping of the storage arca should commence
immediately after a decision to proceed with further work

at Googong. This mapping should commence in the north where
the prescnce of permeable beds would be more critical than in
the scuth,

6. Liaison should be maintained with suismologists of
the Australian National University in order to keep abreast of
the latest information on the scismicity of the Googong arca.

T Prospecting and testing of materials should be
undertaken as required. This should include testing of the
dacite in the foundations for reactivity.

8. Piezometric studies of the site should be planned
and naintained.

9. In view of the importanc:: of accurately referring
shecars, located in past testing and mapping and future
testing, to design it is advisable to establish a grid aud
scveral najor survey control points at the beginning of the
next stage of investigation.

10. Power augering or diamond drilling to assist nmapping
of the Queanbeyan Fault cast of the saddle area should be
considered,
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APPENDIX I.

PETLOLOGY

by
W.R. Mofgan

INTRODUCTION

The rock descriptions are arranged in thrce parts:
first, descriptions of specimens collected from outcrops in
the vicinity of the dam site; secona descriptions of
core samples from Diamond Drill Holes 1 and 2 at the dam site
(the petrographic descriptions in these two parts arc
followed by a few remarks on their petrology); and third.
descriptions of a group of specimens from the Ordovician
rocks to the east of Queanbeyan Fault.

OUTCROP SPECIMENS

One group of outcrop specimens was collected in
1954, and the thin sections werc submitted for examinaticn
in 19603 +the hand specimens werc not available for cexamination.
The localities are shown on Platc 1.




R.9327. Silicified dacite porphyry.

The thin section (7395) shows phenocrysts, ranging in
size from 0,2 mm. to 3.5 mm,, enclosed in a fine-grained
groundmass that has an average grain-size of 0,08 mm, The
quartz phenocrysts are embayed, and arc strained and craclaed.
Tebular albite phenoerysts are moderntely sericitized.
Porphyritic crystals of ferro-magncsian mincrals (possibly
hornblende) are replaced by scricite, chlorite, and nontronitc.
The groundmass is composed of finely intcrgrown quartz grains
that enclose numerous mimute flakes of sericite. Very thin
anastomesing veins of sericite material cut the rock.

Accessory zircon and leucoxene were noted.

R.9328, Silicified dacite porphyry.

In thin section (7396) this specimen is seen to be
fairly similar to R.9327. The main differcnces are the
finer grain-size of the groundmass (0,02 mm).and that the
ferro-magnesian minerals (biotite nnd possible hornblende)
are pseudomorphed by epidote and sm~nll amounts of leucoxenc.
Some accessory apatite was noted. The rock is cut by thin
anastonosing veins of sericite material.

R.9329, Silicified and sheared dacitc porphyry.

The thin section (7397) shows phecnocrysts of guartz
and albite cnclosed by a fine-graincd groundmass of finely
intergrown quartz. The rock is cut by a thick shear zone
composed of intergrown quartz grains that show strong stroin
patterns; a vein containing quartz and small amounts of
cuhcdral tabular epidote has been cmplaced along the sheur
zone.

R.12830, Veined dacite porphyry.

The thin section (5025) shows phonocrysts, ranging
in size between 0.1 mm. and 5.0 mm. cncloscd in a fine-grained
granmular and flow-textured groundmass that has an average
grain-sizc of 0.03 mm,

The enhedral quartz phenocrysts arc embaycd and
have pseudo-inclusions: some of the smaller guartz grains are
angular, and may be pyroclastic. .ndesinec phenocrysts are
tebular to anhedral, and arc commonly scricitized; sone
crystals are strained and micro-frgctured. Sub hedral
anphibole and biotite are pscudomorphed by epidotc, leucoxcne,
nontronite, and chlorite.

The groundmass is formed of granular quartzo-
feldspathic material, and leucoxene, and flakey scricite and
nontronite. The flakegy mincrals are strung out in flow trails
which swirl around the coarse grains., Octahedra of black
iron ore, and prisms of accessory zircon nand apatite are
present.

The phenocrysts and the groundnass arc cut by thin
voins containing sericite, nontronite, and rarc zeolite,
In places, the veins occupv microfracturcs in the phenocrysis.,
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In groundmess the veins occur as very narrow diffuse zones
in which the flakey minerals sre oriented paralicl to the
rlow-texture., The vein minerals cormonly form narrow fringes
around quartz and andesine phenccrysts.

A visual estimate of the percentage of minerals
present is :- andesine: 54, quartz: 25, pseudonorphed
ferro-nagnesian minerals: 10, scricite and nontronite: 10,
black iron ore: 1.

Certain of the angular quartz grains appear to be
tuffaceous, although the shapes of most of the phenocrysts,
and the presence of the flow-texture suggest what the rock
is a lava. It is probable that the rock is a dacite porphyry
containing some tuftaceous naterial,

R,12831. Devitrified dacitic crystal tuff,

In the thin section (5026), conrse grains of quartsz,
feldspar, and rare rock fragments and altered ferro-magnesinn
ninerals arc enclosed by a fine-grained, dominantly felsitic
groundnass.

The coarse grains of guartz are angular, and
comnonly corroded: they frequenitly show straincd cxtinction.
Soriewhat saussuritized oligoclasc forms tabular to anhedral
crystals that, in some places, ozcur as interlocking clusters.
Rare intergrowths of cpidote, lcucoxenc, and chlorite nay
represent altered ferro-magnesisn minerals, The groundnmass
is conposed mainly of finely intecrgrown quartz that cncloscs
nimite flakes of muscovite =2.d chlerite, and grains of
leucoxenc. Accessory apatite and zircon were obscrved,

4 rounded rock fragment, probably trachyte, or andesite was
observed to be composed of mediun-grained tabular plagioclase
crowded into a fine-grained felsitic and leucoxenic groundmass,
The rock is cut by irrcgular veins containing fine opaque
dust.

R.12832., Dacite porphyry

The thin section (5027) shows coarse, anhedral to
subhedral phenocrysts ranging between 0,3 mm. to 3,0 mm. in
size, enclosed in a fine to nediun-graincd xenomorphic-
inequigranular groundmass whose avcrage grain-size is C.05 mm,

The phenocrysts are composed of quartz, plagioclase
and rare ferro-mognesian minerals. Rarely, quartz occurs as
cuhedral prisms, but more commonly it forms anhedral, strongly
corroded crystals. Tabular anhcdral grains of plagioclasc
arc somewhat saussuritized and silicified. Rarc pale grecn
chlorite forms anhedral flakes.

The groundmass is compesed of fine to medium-
grained somewhat intergrown grains of quartz and plagioclase.
The intergrown nature of these two minerals secms to be
granoblastic, suggesting that some contact metamorphism has
taken place. Granular cpidote and lcucoxecne, and fleskes cf
groen chlorite are present.

The rock is cut by thin diffuse zones of granular
epidotes
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R.12825. Sheared and graaulated dacite porphyry, or dacite tff,

In this section (5030), conrse shattered and
gramuleted grains of quartz and oligoclase are enciosed in a
fine-grained groundmass, The groundmass is composed of quartz
which forms granular, commonly clongated and intergrown
groine that show a shear fabric, aivhough the present form of
the intergrowths suggest that recrystallization has taken
placc after the shearing. Subhedral to tabular crystals ¢
epidote that are present appear tc have been formed
subscquently to the shearing.

Ro 1 2836 o D'?.Cl‘bic t"\lﬁo

The thin section (5031) is scen to contnin mediun
to coarse grains of quartz and feldspar, whose sizes range
between 0.1 mm. and 2.0 mm,, enclcsed in a fine-grained
groundmass, The coarse grains of oligoclasc arc anhedrsl
to tabular, and many show micro-fracturing. Quartz forns
angular anhedral grains that sometimes show corroded margins.
The groundnass is composed of grancblastic, somewhat intcr-
grown grains of oligoclase and quartz. Small amounts of
calcite occur in gramular aggregates and rare veins.

R.12837. Veined and saussuritizcd dacite porphyry.

The thin section (5032) has coarse phenocrysts of
andesine, quartz, and pseudomorphcd amphibele, and their
sizes range between 0.2 mm. and 4.5 nmn, They are enclesed
in a fine-grained granular groundmass whose average grain-
size is 0,05 nm.

Quartz phenocrysts are anhedral, and have embayed
margins; sceveral show strained extinction. Aindesine fornms
tabular to anhedral, often strongly saussuritized crystals
that are comnmonly microfractured. Amphibole is now
pseudonorphed by intergrowths of nontronite, black iron orec,
and unconnon epidote.

The groundmass is composed of fine, intergrown
quartz grains cnclosing minute flekcs of sericite and grains
of cpidotec. Accessory black iron ore and zircon arc present.

The groundmass is cut by numerous thin and irregulear
veins containing fine flakey nontronite, A few thicker
veins of yellow epidote cut the rock.

W.B. Dallwitz in 1961 bricfly excmined & second group of three
slides made from field specimens, The locations are shown oOn
Plate 1; Dallwitz named the rocks as tabulated below:

Speecimen

Number Slide Nunber Nane

R, 8808 7176 Sheared acid ashstcne

R. 8807 7175 Dacitic ecrystal tuff

R. 8809 7177 Granodioritc porphyry (thick

flow or intrusion).
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CORE SALMPLES

These sampics are from Diamond Drill Heles 1 and 2
at the dam site; their thin sections were cxaminel in
Scptomber, 1962.

D.D.H, 1.-

R. 9213, (Depth, 2 feet 9 inches): The thin secticn (7343)
shows that the rock is silicified vitric aond crystal d-ecitic
tuff. The crystals rangC in sizc from O.15 1mm. %0 5¢0 Iilo
ana are cnclosed in a fine groundnass that has an averag:
grain-size cf 0.02 nm. The crystals consist of embayed n~nc
strained quartz mocderately scricitized tabular nlbite, and a
snall amount of biotite that is now completely pseudonorpied
by granmular epidote and some leucoxcne. Sonc of the albite
forms multiple grains. The groundmass is composed of finely
intergrown quartz grains.

R. 9330.(Depth, 30 feet): The thin section (7398) shows that
The rock is a silicified vitric and cryst-l tuff. ingular 1o
sub-anzular grains of moderately strained quartz, roughly
tabular crystals of albite and potash feldspar, and sonewhat
distorted flakes of biotite are enclosed by = very fine-
grained groundmass composed of fincly intergrown quartz grains
and minute sericite flakes, The foldspar and quartz grains
have embayed margins, and the bictite is pscudomorphed by
sericite, epidote, and chlorite. The crystals and greins
range up to 4.5 mm, in diametor, and the groundnass has an
average grain-size of 0,01 rm.

R. 9331 (Depth, 133 feet 3 inches): In thin section (7399)
the specinen is seen to be gilicified tuffaccous dacitc .
pg;ggx;%. The phenocrysts range irom O0.15 to 4.5 mn., and

arc cnclosced in a fine groundmass that hog an average arain-
size of 0.03 mn. The phenocrysts consist cf cmbayed quartaz,
tabular, somewhat scricitized albitc and slightly distorted
biotite that is completely pseudoriorphed by sericite,
leucoxene, and nentronite, The groundmass ccnsists mositly
of finely intergrown quartz grains enclosing numerous minute
flakes of sericite. Two or three xenoliths that are

present are rounded, and have a diameter of about 3 mm.;

they consist of dioritic material and contain granoblastically
intergrown stumpy laths of sodic plagioclase 0.5 mm. in
length. The rock is cut by thin, diffuse anastomosing

veins containing sericitie material.

D.D.H.2

R.9396. (Depth, 109 feet 6 inches): The thin section (7436)
shows the rock to be a silicified tuffaceous dacite, or
ignimbrite. The phenocrysts range from 0.2 mm. %O 3,2 mm,
diameter, and consist of embayed and strongly strained
quartz, rounded albite crystals and embayed crystals of
somewhat kaolinised potash-feldspars, The rare ferro-
magnesian minerals are replaced by leucoxecne and epidote.

The groundmass has an average groin-size of 0,02 mm.,

and consists almost entirely of fine intergrown quartz
grains; rarc leucoxene and epidote were obscrved, In places
there is a faint relict flow texturc in the groundmass around
a few of the phenocrysts. The rock is cut by two veins,

{ and 2 mm. thick, composed of finc granular epidote.
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R.94C4. (Doptk, 187 feeh 9 inches): In thin section (7465)
tho reck is seen bt be a divitrified aud silicified albite
dacite porphyry. The phenocrysts range from 0.3 rm. to

5,0 mum. in size, and are enclosed in a fine-grain¢d groundmass
(forming 60% of the specimen) that has an average grain-size
of 0,01 mm. The phenocrysts of tabular, strongly sericit-
jzed albite (20%), strained and ecmbayed quartz (10%),
subhedral biotite (5%), and strongly keolinised potash
feldspar (5%). Biotite is pseudomorphed by leucoxene,
sericite, and nontronite. The groundmass consists of
irregularly intergrown quartz grains that enclose numerous
minute flakes of sericite. Besides the phenocrysts, the
groundmess encloses a xenolith of altered andesitic mrterial
that measures 3 mn. acio0sSs, The irregular veins range from
0.03 mm. to 0.5 mm. in thickness a2nd mostly consist of
calcite; some contain, in addition, fine grcen chlorite,
and fragments of quartz and feldspar that are derived from
the porphyry.

REMARKS

All the specimens described are dacitic lavas
and tuffs, although in some of them smell xenoliths of
intermediate igneous rocks werc noted; it is possible that
these are coegnate. The groundmass of most of the specimoens
is silicified; this may be due to diagencsis, but other
evidence which will be mentioned shortly suggests that it
may be due to contact metamorphism ¢r metasomatism. Some of
the specimens have been sheared; in these the sheared
material appears to have recrystallized to a granoblastic
texture, suggesting rcheating subsequent to the shearing.
in onc spccimen (R.12834) veining by epidote occurrcd after
the shearing took place, This evidence suggests that the
voleanic succession in this locality has been intruded,
resulting in slight contact metamorphism and some metasomatism
Prior to this, some of the volcanics were shearcd or
faulted,

SAMPLES FROM ORDOVICIAN EAST OF QUEANBEYAN FAULT.

These seven specimens were collected by G.M. Burton
during a traverse down Valley Creek from Taliesin Heomestead.
Valley Creck is approximately 2% miles north-east of the dan
site.

The localities and thin secticon mumbers of the
specimens are: :

Field Number Military Grid Refercnce Laboratory Rofcrence
P, 1: Canberra 1-mile Sheet 324286 ,thin section numier

T' 5 a u u n 31 9286 y " 1] u 38%8

T, 8= ] L n 313282 7 " n " 5021

T-- 9: 1 n 1] 3-] 3281 § n " n 5022

Te 112 " " " 304279 , " . W ohO23

P 183 " * H 288276 , " i " 5024

G. 59/1 327278 5005



Spocimens 7.1, 7.9, T,41. and T,18.

— e s

ALl e band specimens are dark grey or greyish-
brown, pediun-gralzed but inequigraualar micaceous sandstones
tnat show some apparent shearing end lineation <ff the mica,
Specimen T.18 has a phyllite-like sheen on some surfaces.

In thin section, all the specimens are seen to be
inequigranular, the grain sizes ranging between 0.02 nm. and
0.5 mm., All specimens contain angular grains of quartz and
subordinate albite that are enclosced in a fincr groundmass
composed of granmular quartz and feldspar, and flakes of
sericite and subordinate chlorite. Some perthite grains were
noted in specimen T.U and chlorite secems to Te more abundont
in specimen T.11 than in the others. The sericite in
specinen T.1 is stained by hydrated iron oxide. Black ore is
present in specimens T.1 and T.9, and in T.8 and T.11, it is
seen to be partly altered to leucoxene. Leucoxene only is
present in specimen T.18. Prismatic zircon, and prismatic
to anhedral, pale grecn tourmaline nmay be found in all the
specimens, Sub~prismatic apatite is present in specimens
7.9, T.11, and T.18, and sub-rounded grains of sphene in all
specimens except T.1. In specimen T.9, cuhedral sphene is
enclosed in some of the quartz grains.

The textures of the specimens all show the effects
of shearing, but it is more pronounced in some (e.g., T.18
than in others (e.g+y T.1). The mice and chlorite in
specimens T.1 and T.9 tend to be wrapped around the coarse
quartz and feldspar grains and show only slight lineation.
In specimens T.8. and T.11 the lincation is more pronounced,
Quartz and feldspar show some strain and have somewhat ragged
margins in specimens T.1, T.8, and T.9. These features arc
scen to be more pronounced in T.11. Specimen T.18 is
definitely more schistose than the others, as it has a
pronounced lineation and foliation of sericite and chlorite,
and comnmonly the grains of quartz and fcldspar have boen
strained and eclongated, and, in places, rotated parallel to
the cleavage.

All these specimens may be termed greywacke, although
from the large amount of quartz present, the name guartz
greywacke might be better. Specimen T,18 is an albite -
sericite - quartz schist.

G.59/1. Thin section number 5005.

The hand specimen is seen to be a medium-grained
hypidiomorphic-inequigranular basic igneous rock,

In thin section the rock is hypidiomorphic
inequigranular, the grain sizes ranging betwcen 0.15 mm. and
1,0 mm.; rare phenocrysts attain a size of 2.5 mm. Some
ophitic intergrowth and (rarely) slight fracturing of the
crystals may be seen.

Labradorite (An.q) forms slightly saussuritized
subhedral tabular crystals- that, in places, contain
replacement veins of albite. Rarely inclusions and veins
of chlorite are present in labradorite. Augite forms
colourless subhedral to anhedral grains that arc sometimes
ophitically intergrown with labradorite. It commonly has
a rim of pale green fibrous actinolite, and in places, augitc
is almost entirely replaced by this mincral. Actinolite also
occurs as small euhedral crystals, and is pleochroic with
X=ncarly colourless, Y=palec olive green, and 2Z= pale grecn;



8.

the colours tmd to be rather more dark than those of the
actinslite replacing auvgite. Pale groeen fibrous chlorite,
and more rarc cpicdote, zoisite and ¢uartz, are intcrstitial.
Anhedral grains of leuccxene and black iron ore may be seen,
and aocessory apatite occurs as fine acicular crystals
enclosed in labradorite.

The rare phenocrysts are formed of tabular labradorite
and prismatic, somewhat uralitized augite whose margins are
sometimes ophitically intergrown with groundmass labradorite.

A visual estimate of the percentages of minerals
present is : labradorite: 55, augite: 20, actinolite: 20,
chlorite, epidote and quartz: 2, black iron ore and leucoxzne:
3 The rock is & partly uralitized quartz--dolerite.

T.5. Thin section number 5009,

This specimen was collected in 1955, and only the thin
section was available for examinstion. The rock is scen to
be hypidiomorphic~inequigranular, and coarse-grained, the
grain sizes ranging between 0,3 mm. and 3.5 mm, The
mineralogy is feirly similar to that seen in G.59/1:
labradorite (An 0) forms slightly saussuritized anhedral
to tabular crys%gIg that show some fracturing; the fractures
are filled with fine fibrous actinolitec. Augite forms
colourless subhedral to prismatic crystals, of which many are
partly or wholly replaced by pale green fibrous actinolite,
Actinolite is also found interstitial to labradorite crystals.
Anhedral leucoxene and fine acicular apatite are present.

A viswual estimate of the percentage of minerals present
is:~ labradorite: 55, actinolite nnd augite: 42, leucoxene:
3. The rock is a uralitized gabbro.




- APPENDIX 2 ..

CONSTRUCTION MATERIALS

Reconnaissance surveys for impermeable core and
filter material for the proposed dam were carried out in
April 1962 by J.K. Hill, Five prospective sources of
impermeable core material were found and briefly tested by
hand augering. In May, the sites were inspected by officers
of the Snowy Mountains Hydro-electric Authority. Discussions
were held in the field at cach site; notes made by both a
Bureau geologist (J.K. Hill) and the Authority's officers
(A.D. McConnell and A.D. Hosking) are given in this appendix.

The following approximate figures for construction
materials for an earth and rock dam at Googong were
supplied by A. Fokkema of the Department of Works prior to
the reconnaissance survey:

Impermeable core 90,000 - 120,000 cubic yarde
A filter (€ 4" sand) 70,000 " "
B filter (3" - 3") 47,000 " "
C filter (3" -10") 23,000 . "
Rock fill, class I (downstrcam) 325,000 " "
Rock fill, class II(upstream) 280,000 3 "

INSPECTION OF IMPERMEABLE CORE MATERIALS
NEAR GOOGONG DAM SITE

by
J.K, Hill

On 2.5.62 two officers from the Snowy Mountains
Hydro-electric Authority inspected proposcd sites for borrow
pits in weathered granite and slope wash material near the
Googong Dem Site. The following conclusions were rcached

with regard to each particular borrow arca site:-

SITE i. (Plate 8)

This arcea was regarded as a likely prospect in view
of the lack of outcrop and its situation on the crest of a
ridge. Material from a shallow (4') auger holc was cxemined
and cursory examination showed its properties to be favaurable
for impermeable core. Provided at least 10 ft. of "rippable"
material is present, this prospect will probably yicld a
sufficient volume of material (120,000 cu. yds.g. :

SITE B.

Site B was briefly inspected, and although materinl
from auger holes was pronounced suitable, it was generally
agreed that insufficient material was present to warrant
further investigation. However, enough material probably
exists to form a core for the levee bank in the nearby low
saddle, The site is the crest of a narrow, steep sided
ridge.
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SITE C.

This site is gently sloping hill-side which may be
covered with a considerable thickness of granitic slope-wash.
The material itself appears to be suitewle, and should it
persist to a depth of 10 ft. or more, it is almost certain
that more than 120,000 cu. yds. can be obtained. The
hillside is traversed by a tongue of granite (with boundaries
near the crest and foot of the slope respectively); which
cxtends for a considerable distance in either direction along
the contour. The ground is quite stony in places, but it is.
thought that these fragments are either "floaters" in the
profile or else are derived from outcrops higher up the slope,
andftherefore do not indicate that fresh granite is near the
surface.

SITE D.

This site is on the crest of a broad spur and is
completely devoid of outcrops; this was considered
favourable . Material obtained from shallow auger holes
was thought to be suitable on the basis of a quick field
examination. Should about 8 or more feet of weathered rock
be present, there will be no difficulty in obtaining the
volume requircd.

SITE =.

This prospect is located in a small valley, the floor
of which has been filled with up to 20 feet of alluvium and/or
slopewash, The material is roughly stratified in many
places and has become quite hard through leaching and
cementation., There are also numcrous layers of coarse
blocky rock debris present. The conclusion reoched after a
cursory inspection was that, provided the properties of the
clay, silt and sand components arc suitable, the material would

make a satisfactory core if it can be mixed thoroughly during
excavation, laying, and compaction. 4 suiteble excavation
method would be to work a full face with a power shovel in
vertical strokes. Ample material is present for impermeable
cores for both dam and levee bank.

General Comments

The S.M.Ah. officers said that cxpcrience at the
Authority in proving weathered granite sources has shown that
material readily drilled by truck-mounted or portable power
enginc augers is not necessarily capable of excavation by
bull-dozers or ripping machines, They emphasised that it
would not be wise to test any prospective source by power
sugering, and that hand augering with 4" post hole augers is
a much more reliable indicator; i.e, if the material can be
hand augered to say 10 feet, then it can also be excavated by
ripping etc.

However, they felt that material at sites A,C and D
would best be tested by a tractor-powered back hoe to
determine its excavation properties, since hond augering
already attempted at these sites usually failed to penctrate
nore than 3 to 4 ft. The S.M.A. officcers felt that the
weathered granite encountered could well be an exception to
the rulec and be capable of excavation by ripping.

Pitting with a back hoe would check this, The back hoe
should be capable of digging to about 10 ft. They suggest
that the next step in investigating thc most favourable sites
should be to hand auger or rit with a back hoe on a
rectangular grid with 200 to 300 ft. spacing, followed up by
additional auger holes or pits at half this distance where
necessary. .
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Further investigation of a proposed borrow pit
site by seismic survey was considcred unnecessary since the
auger holes and pits provide positive and sufficient infcrm-
ation. However, geologists working on rcad surveys in the
Snowy Mountains repcrt that percussion (Hammer) scismic
methods have given reliable results in determining the cepth
of "rippable" material in weathered grunite. ~ All material
with a scismic velocity of less than 4,600 ft/sec. has been
found to be capable of excavation in this manner.

Any deposit less than about 8 to 10 feet deep is
uncconomic to work because of the large arca required to
supply the necessary volume and the consequent expense of
soil conservation works.

_ As a general conclusion, it was de rided that sites
A and C were to be preferred at this stage because of their
preximity to the dam site. Site D appears to have the
grertest potential for large volumes but the distance from
the dem site is greater. Site E is near the dam site but
the material will require thorough testing as to its
suitability before further investigation by drilling is
carried out. (About 200 1lbs of sample are requireg§.

It was considered that sites A,C and D were sufficiently
favourable to render further recommaissance unnecessary at
this stage.

NOTES ON FIELD INSPECTIONS FOR POSSIBLE
CONSTRUCTION MATERIALS SOURCES

by
A.D. HOSkiIlg and A.D. Mccomell, SeM.H.E.AO

On Wednesday 2nd May 1962 & site inspection was
made of possible materials deposits in the vicinity of
Googong Dam Site on the Queanbeyan River with Messrs.
G.M. Burton, E.G. Wilson and J.K. Hill of the Bureau of
Mineral Resources.

General Geology of Damsite Area

The damsite, some seven river miles upstream from
Queanbeyan, lies in dacite in a generally complex geological
ares. At the site itself both abutments consist of dacite,
which forms part of a belt of Silurian shalecs, sandstones,
greywackes, limestone .and igneous rocks some two miles wide
in this area. This belt is abruptly bounded by the
Queanbeyan Fault on the eastern side, beyond which
Ordovician metamorphosed sediments form the country rock.

To the west the mainly sedimentary belt passcs into sheared
porphyry and tuffs of Silurian age. Immediately upstrcan
of the dacite at the demsite there is a fault, beyond

which there are limestones, shales and related rocks,
Downstream from the damsite, and very prominent

on the ridges east and west of the river, there are
congiderable arecas of granite, mostly very weathered at the
surface.

Sources of Dacite for Rockfill

Although the visit was primarily concerned with
exploration for impervious materials a bricf inspection was
made of the outcropping dacite on the right abutment cr the
deam. It is understood that the cxcavation of a spillway
through the right abutment of the site is plamned for use
as rockfill for the dam. The fresh dacite will yield
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excellent rockfill material but the prescnce of zones
lacking in outcrop would indicate that special sub-surface
exploration of the spillway area would be required to
establish the relative guantities of suitable and unsuitable
material which could be expected to become available from
that area. Deliberate extension of excavation beyond the
limite of the spillway proper would be guite feasible as a
source of additional rockfill material if required.(Results
of seismic traverses L,M,N and O since to hand show that the
dacige)in this spillway area is very jointed and waathered;
GOM. L L ]

Sources of Impervious Material

In all, 5 pro.pective sources of impervious material
were visited and inspected.

(i) Slope wash (Site E) - The lower end of a gently sloping
and shallow valley which enters the river approximately & mile
downstream from the dam site contains slope wash to a depth of
up to 20 ft. This material is well exposed to a dapth of at
least 15 £t in a narrow vertically-sided gully which has been
formed by erosion in the wvalley floor. The deposit consists
of stratified gravels, sands, silts and clays with few cobbles
and gives the impression that if well mixed it would yield

e satisfactory impervious core material. t appears that

the deposit is large enough to yield the required quantities.
Preliminary composite samples (at least 150 1lb. weight

and preferably 200 1b., weight for a basic range of tests)

can readily be obtained by channelling the vertical faces

of the erosion gully to depths equivalent to face shovel cuts.
Initially a limited amount of exploration will be required
such as augering (although the prcsence of stones may make
this method impracticable) or test pitting to establish the
lateral limits of the deposit, to confirm the available
quantities and to assess variability. The area is at a
relatively low elevation and hauit roads to the dam site would
be straightforward and little affeccted by ruling grades,

(ii) Weathered Granite (Site B)

This area is situated on the southern end of a
ridge which runs generally parallel to the river, approximate-
ly % milce cast of the dam site,

This material had been easily augered to a depth
of 5 £t (limit 3 in. auger usecd) and appeared to be satisfract- -
ory core material. However the arca is very restricted
(rock outcrop occurs on the ridge both north and south of the
area), the side slopes of the ridge are relatively steep and
it is very doubtful that sufficicnt quantities of material
would be available from the source to fulfill the requirement
for the main dan. It could give useful material for the
saddle dam but Site C is much closer and more convenient,

(iii) Weathered Granite (Site C)

This arca is on the western slope of the ridge
referred to under (ii) above and is north of the ridge top
arca. 1t forms the right abutment of the saddle dam. There
appears to be no reason why this ares should not yiceld
sufficient quantitics of suitablec material, Subsurface
exploration, initially by hand augering at broad intervals,
will be required to obtain preliminary samples for index
testing and to establish the approximate quantitices available.
The arcea is approx. 300 feet above the river level and the
haul road to the dam site could be fairly direct.
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(iv) Weathered Granite (Site A)

This area ie on the upper level of ridge which forms
an extension of the left abutment of the dam. At this
location the ridge is broad and gently sloping. Hand
augering with a 3 in. auger had been stopped by hard material
at 3 ft depth and the material removed by the auger appear=d
suitable for an earth core. Subsurface exploration
initially by hand augering at broad intervals will be required
tn obtain preliminary samples for index testing and to
establish the workable depth and therefore the approximate
quantities available. The area is approximately 600 ft above
the river level and although quite close to the dam site
would require at least a one mile haul road to reach the
lower levels of the dam site with reascnable grades.,

(v) Weathered Granite (Site D)

This aree is approximately ¥ mile from &nd to the
north west of the dem site and is situated on a gently
sloping ridge which joins the river £ mile downstrecam from the
dam site. The arca is quite similar to but more extensive
than that at Site A; hand augering with a 3 in. augey produced
similar results and additional exploration should be on the
same basis,

“Although it is further from the dam sitc than Site A
it is at approximately the same elevation and the haul rcead
would be comparable in length with that required for Site A.

Sources of Filter Material

Inspections were not made of possible sources of this
material exoept in the floor of Bradleys Creck where a limited
quantity of suitable material is available. However, along
the Queanbeyan River there appear to be fairly extensive
deposits of sands and gravels which should be explored as
possible sources of filter zone material.

General

Although it would be desirable to locate borrow
arcas within the reservoir area if possible (thus avoiding
disfiguration of permanently exposcd areas and consequent
rogeneration costs) +there appears, from the gencral geology
of the area, little chance that suitable, sufficicntly large
deposits will be found upstream within rcasonable distance of
the site. However, this possibility should be exnmined
further.

Required quantities are not large and consideration
should be given only to areas which contain the total
requircments in one deposit, with adequate margin for
contingencies (the proved volume should be at least twice the
required volume). It is doubtful how far the exploration for
impervious materials should proceed at this stage. It is
considercd that in each of the morc likely arcas a minimum of
exploration should be carried out now to establish the
workable depth of material, the general oxtent of the area,
the available quantity of material and its general preperties.
To achieve this it will in general be nccessary to drill hand
auger holes at broad intervals to check on depth and extent
and to obtain samples. It may also be necessary to excavate
a very limited number of pits (by hand or by back hoe)
where hand augering is unsuccessful,
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It is doubtful if any =additicnal work should be |
carried out until the design has reacl.cd the stage where it
becomes necessary to have more cectailed information about
a particular area or areas.

General Comments on Exploration and Sampling

During discussion some reference was made to the
possible use of power augers for exploration for impervious
materials. In the Snowy Mountaeins Area power augers provide
a false indication both of material properties and of the
workable depth of material (due to the grinding action of the
bit in hard material). Experience has also shown that, in
goneral, material which can be removed by hand auger will
present no problems with normal excavation 2quipment. 1 is
therefore strongly recommended that power augers be not
used in explorations for fill materials by the Bureau.

Samples of completely weathered granite for
laboratory testing should be obtained by methods which will
ensure a minimum amount of material breakdown.,

Although exploration of impervious materials
deposits by seismic methods gives an excellent indication of
extent and depth of available mzterial, it must be supple-
mented by other forms of subsurface exploration to obtain a
clear picture of the extent of workable material contained
in a prospective borrow area.
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LOGS OF DIAMOND DRILL HOLES 1 -~ 4.
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APPENDIX 4.

WATER PRESSURE TESTING

Pressure testing was carried out in accordance
with standard Snowy Mountains Hydro-Electric Authority
practice, Mechanical packers were used. Gauge pressures
for testing were calculated beforehand so that the
maximum effective pressures used did not exceed one pound
per square inch for each foot of rock overburden.

Copies of the drillers testing results are
available at the Deépariment of Works in Canberra or at the
Bureau in Canberra. Copies of the reductiuvi tabulation
of results are held in the Bureau also.

Effective pressure, that is nett water pressure
acting on the rock in the section tested and causing the
water lossgyis calculated in accordance with the following
formuls :

Effective pressure = gauge pressure + water column pressure
- pressure due to groundwater level -
friction head loss,
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Diamond Drill Hole No,2 _, Inclipation: 40°
Section Tested Length of Depth to Standing Effective Test Water Loss
From To Section Water(measured Pressure Gals/Min/Ft,
along slope of

Ft. Ft. Ft. Hole.)FT, P.8.1. NX hole
30.6 40.6 10.0 26.6 8.1 0,04
39.2 49,2 10.0 26.6 853 0.00
39.2 49.2 10,0 26.6 18.3 0.01
477 577 10.0 26.6 TeT 0.26
47.7T 577 10,0 26.6 T2 0,50
59.5 69.5 10.0 57.07 15.8 0.00
5905 69-5 10.0 57'0? 25.8 0.02
69.8 89.8 20.0 63.07? 18.4 0.02
6908 8908 20&0 6300? 28-4 0.03
90.9 110.9 20,0 63.0°? 18.3 0,01
90.9 110.9 20.0 63.07? 23.3 0.01
90.9 110.9 20.0 63.07? 33.3 0.01
111.5 131.5 20.0 69.07? 19.7 0.00
113.5 131.5 20,0 69,07? 29.7 0.01
111+5 131.5 20.9 69.0% 39.7 0. 01
129.8 149.8 20.0 65.0 185 0.GCO
129.8 149.8 20.0 65.0 33.5 0.00
129.8 149.8 20.0 65.0 38,5 0.00
149.0 189.7 40,0 104.0 39.4 0.01
149.0 189.7 40.0 104,0 49.3 0.02
149.0 189.7 40,0 104.0 59.1 0.03
190.8 215.8 25.0 104.0 29,3 0.01
190,8 215.8 25.0 104.0 49,1 0,02
190.8 215,8 25.0 104.,0 64.1 0.03




3,

Dlamond Drill Hole No, 3 Inclination: 20°
Section Tested Length of Depth to Standing Effective Test Water Loss
From To Section  Water (measured Pressure Gals/Min/Ft.
along slope of
Ft. Ft. Ft, Hole.) Ft. P.S.I. NX Hole
9.1 19.1 10 - 1.8 0. 232
) 9.1 19.1 10 ~ 11,8 0.54
- : 21.5 3105 10 Lo 3.2 0050
, 30.3 40.3 10 = 14.8 . 0.22
* 30,3 40,3 10 - 19,9 0.30
. 30.3 40.3 10 - 29.8 0.46,
39.1 54.1 18 39.4 16,C 0.29
39.1 54.1 15 39.4 21,0 0,34
54,8 64,8 10 39.4 16..2 0.03
54.8 64.8 10 39.4 31.2 0.04
54,8 64.8 10 39.4 41,2 0.05
65,3 85.:3 20 39.4 1643 0,02
65.3 85.3 20 39.4 41.3 0.05
65«3 85.3 20 39.4 66.3 0.06
85.5 105.5 20 40,5 16.3 0,21
85.5 105.5 20 40.5 5143 0,03
85.5 105.5 20 40,5 86.3 0.04
104.3 134.3 30 40.5 15.9 0.02
, 104.3 134.3 30 40,5 55.9 0.03
134.6 149.6 15 52.0 175 0.01
134.6 149.6 19 524 57«4 0,02
- 134.6 149.6 15 52.0 10745 0.03
Retest:
13,80 23.0 10 40,5 4¢3 0.68
23.0 33.0 10 40.5 4.0 0.18
23,0 33.0 10 4045 14.0 0,38
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APPENDIX 5.

WATER ANALYSES

During the survey a prolonged dry spell occurred;
only 60 points of rain (compared to the normal 300 points)
fell in the six weeks preceding 20th July, 1962.

It was decided on 20th July that the Queanbeyzn River
and its tributaries were flowing only because of seepagc from
the main bodies of underground water. The river and several
tributaries were sampled to check the difference in quality of
the yield from different rock types in the catchment.
Jerrabomberra Creek was also samplced the sams day becausc the
rocks in its catchment are dacites similar to those of
Googong and the geomorphology is almost the same as between
London Bridge and Googong.

The water samples were analysed by S. Baker in the
Bureau's Geological Laboratory.

SAMPLE: 1 2 3 4 i 5

River Queanbeyan Tributary Bradley's Spring in Jerrabomberra
of Brad-  Croek Granite Creek
ley's Ck.

Canberra 1-mile
Military Grid
roferences 277256 293246 278256 270241 190305

Flow 36 cusecs 1 cusec? 1 cusec? very small 0.25 cusecs.

Calcium p.p.m. 17 (0.85) 33 (1.64) 28(1.40) 55(2.74) 36(1.79)

Magnesium " 12 (0.99) 42 (3.45) 15(1.23) 75(6.17) 18(1.48)
Sodium " 20 (0.87) 69 (3.0) 36(1.56) 134(5.83) 50(2.17)
Potassium " 1.5(0.04) 2 (0,05) 1(0.02) 2(0.05) 1(0.02)
Strontium " £ 0,05 <0,05 €0.05 0.8(0.17) 0.05
Iron 2% 20,1 £0.,1 £0.4  €0,5 £0.1
Aluminiumz_& " € 0.1 £0,.1 <0,1 £ 40,1
Manganese " <0.002 £0.002 <«0.002 N.D, <0,002
Silica n 8 10 9 £1 47
Bicarbonate! 85 (1.39),218 (3.57),101(1.69%790(12.9), 160(2.62)
Sulphate " 18 (0.37) 25 (0.52) 30(0,62) 7(0 .14) 12(0.25)
Chloride " 35 (0.99) 130 (3.67) 60(1.69) 83(2.34) 80(2.26)
Phosphate "  40.01 £0.01  0.01 N.D. &. 0,01
Total dissolved

salts at 180°C 150 454 250 740 280

pH 7.2 7.6 7.0 8.0 7.4

Conductivity in
microghos per cm
at 25°C 218 714 310 1190 240

Figures in brackets refer to milliequivalents per litre.
N.D. indicates not determined.




3 LOCALITY MAP
l )

CANBERRA

7
.
&
by

.C.

35%20"

i
i - M
~ . - TNt T /SAN)LE AREA
I :\ Plate &
| NSW o DA™ area
1 H Prate |
\-\-CANu.,M svongY &
o -
B}
~ SCALE IN MiLgs
4 2 (=] o

REFERENCE TO AUSTRALIAN A-MILE
MAP SERIES: CANBERRA

LAY
Uty
. t"""mmw“"“}‘. .

I

R ¢t
CAINOZOIC

UPPER SILURIAN [ 4
to
MIDDLE DEVONIAN | +

miopte [T
SILURIAN

A - ._..)8000
24 18

AA

Prnens/ Rrsowices Conderna., Nov /903,

el

RV

oo
L
b ] I
3%
w Q2
i %
~ 17
:g;. N
\gl B
L R ,
s <
. 0
‘
o

|
ll
2
3
b
F
3

——— ——— Appoximote boundary of area for detoiled

ar——————ib /ine of section
w7176

<A

GOOGONG DAM SITE

Queanbeyan River N.SW.

FERENTCTE

Alluvium

Granite, outcrop

” soil covered

Dacite, ouvtcrop
»  soil covered

Shale. slote, sandlstone & limestone lenses, outcrops
" ” o »m sl Covered

Tuff & some sediment, outcrop

) " " "

, soil covered

Geological boundary, opproximate
Geological boundary, inferred

Geological boundary, alzy)rox:mofe, concealed
Boungar of pold or Very strong outcrap
EFstablished fault, occurate

Established fault, opprox/mate

Pr‘fqbob/e foult

Inferred fault, concealed

Shear zone, approximale

Qip of strata

Jornt, showing dip

Joint, vertical

Cleavage, shawing dip

C/eavage, vertical

Adit

Costeon .

Shaft, (position c/véxpronmore)

——0DD.M3 Diamond drill ho

Sersmic traverse with velocity of and depth to main
refractor

investigation

Petrological slicle locality
P/one “table station

Topography adapled frem svrvey by

Svrvey Branch Depl.of Interior

° L [ ] [ (L]

Scove in fee/

7o acvompeny Recerd N'* /%82/58




PLATE 2

CAPITAL COMMISSION

FEDERAL

ﬁmwntm Qoil

I
| ST
wmm 2L12 1 G401

ne®
l G0-991¢ | 08Ol
|
” . - - . T £0-001 : tmegiEt azoi
SN ] S T N S U SO &y Rt ST A I s Sl W
N , *, | oLse ‘ M - P : P ) | | . o / o o
SN S I S ~ P R b S O S f e e ﬁ — e b b ®6h1z | 000!
| T T A S S I |
. ~ s P> o Lo T - e S O T ‘vigeie | a6 ]
ﬁ B N R el 14 B A e ‘
w{ | | SN ix i “ 0512 | | TS SRV TR P ; + L e M T I . . ]
“ ﬁ m | b N /7/\1 > /H, -, : W‘.\*\ 1 m - — Tﬁ\u ]\\\J,v\\ ! \,u\r\. P m . W\Hw ‘\:,I»,./ ,O@mN_N 0Se
3 N < . - - - P o ! ; po e ¥ .
o NN S (o#1Z ; > Bio— T -1 C | : ™~
SlEl 3 // R /P// B 7 A S _ , i ,_.\DF. [ U
Al e N ® // te SN B e N S e T P i SRS S ) a5 w802 | q2e
HES . R g — - ! e e ——
L~ R ) RS - B e . i : . N - - - * - 06 ]
afg RN . e
*[E Resxytaann v XRER ‘ N N
.m m ............... v el vaLLoz | Gss
% EBBIYFURTLLLERRENR - IS S
- i9 6502 | oag
W m Y75 I8 Jan " 0¥8 ]
2] § |
3 o 2802 | §28
TR
o MM YM ....... . Yooy w@cmnom 0OOR
S - |
QR oo e oo | o
w v V0L T G/
Im.fm UUW UNHWIIN[MW.”( W.Nl pues Y0 , S/

r A esduce tyavs

19
20
21|
23

4]

eoz L odes

rotw Rock '

Uy eveise | ooz

Metam;
77
Solrd

pased Beck
Solid kck
t 07t
d Rock 65 wn b * 25!
pck
ﬁ/glm
&,
Roc.

Rvoe | 089
Mgqioe | G453

Aock
‘ —T
Lurye-R#0

Cney o g Rivgy

NOemiDmen,  Remarks
! %‘5 !
2 2.
3 Sachesy
e Loy

.

U2 T ose |
152002 | OGS

CTAIY O g

' :
REFERENCE TO DRIVES

AT 181N Koy 04108 T Gds

i
i

A GrIC0OZ | 009
8
wm - Teovoe | Gig
’ T T TéLiG02 1 0Gg
- ! 22902 | g2g

\ H 8[6202 | Oig
_— S Sa— TI,’
! ;

860202 T 006 |

\[ ’ ’ ‘Malod | GIv

(00 ¥ -o11017) a‘x\x T ‘oz T 9IGH

fooo hos602 7 ocov

/

/ ; |
/

\r - T T T T es e0iZ ! Ose
\ | |
|

\r T T T T T paEie T oo

2

e ) ~1 ; 7”,3‘

- .L-——Aq‘#ﬁ’; -
e :
i

\f’} o o T o "2d LI’ | 062

AP2-9IT W g . . T 9122

221612002 -

05E?12| OGI

G282 001 ]

F0MI2| 05

40
Jatum B75°

8E+GI2 |00
[RAZT] P BIUFISIG

ﬂam I#L’.'u

a / Chier” f/}gf/?leef
155/16/49

4
ot
23 -0 g

<

veyor -in- c’fﬁargé

e
—
Dare

Jur

for

3

heale~ 80 feet fo an inch

GUOOGONG

CONTOUR SURVEY
PROPOSED WEIR  SITE

Seale:- 80 feet to an inech (Natural)

o
Y.

SECTION OF PROPOSED WEIR SITE

o —

0 2e

drve,

e ~~a ]

. 23

e

vy

Dare

Sensor Jarr S

FA-SA£E/ [ B- L €25 125 b 48/
Datum-Rarivay -CB-B M QB(R [ 2/4545)

drawn &y ﬂd_.,‘,,'w
Lxdgy P #0 &
Jate of furvey 23828,




Plate 3

GOOGONG DAM SITE
N.SW

Sections

showing projections of diamond drill holes
See Flafe 1 for focorr of sections

Sectior e b cf/0oking WES. / )

Freate Buondary Hevrcrirate Ber. crpten. Surivce DDHA 7 \ ‘/ v /
T / Agpror.oidle surtoxe Of oma rock AP hde s ey ) 7 \

+ +~Y‘ s (D rrom DD i 1203 )
4 ST

: ) - e !
+ ' ¢ N7 ~—— =N Hpprvmic e et i
N Vs — : legvemper 196

\ ‘ Q . ~ 0
+ / pa Jeame b trn k Vesie sy = Gl S e - C 208

-204C

-’

2040
L 200¢
. 96
e
R
v -
SchemAze oy
R FFrotextve GEARG A DRy RECENT i Atovierr
Jar
_—— —~ F3N, 42051110 0 arimdte '
, Approtisriede di of et ore LAV R Sy IRIAN
o + Onarnke
AN ot DL DEVONIAY L <+
N Fropcted  sont
2 s~z
Lo ite
b ——— O rgecto i o ke IR A
MIDLL SHLIIAN { Shite ol d it oestarne lensen
Vv : St
Scote 1 fee! ‘H_V__J
«®© 14 L 80 P _u60 230
[San™ o ™™ol T e R B s e | 2 Derctes sub surface rlerprelolon .

Ver/ice o porzon/a/

962 7 sccomparry Fecerd ! 9{:%4'

Bureae of Mirers) Hesources, Géclogy & Cecphysics — Comperns  Decorr s




PLATE 4

GOOGONG DAM SITE

JOINT ROSETTES

f/)om'/:‘y /‘/L'fwwg of Jtrike
N

A. (hrcluding Verlical Joints)

(vertical joints are
ssswned to @lp I/n
bolty aireclians)

B. (Ziclvaling Vertics/ JSoinks)

% redislly . = Opejoint resdng.
" (Fnke récorded fo nedrast /00

x ~4_.pirectionof dipof joint grogo

S~ Qalimurm &ns of ftes! drilling

| Buresw of Mieww Resourges, Conberns, Dec /962. T sccompany Recoral /963 /6%




na

V o - Leff bank | ﬁ S -
SW | NE SW NE
- R220_ e . e . e ) : z/gia’T . e S S
280"} . e IS S 270" —_— —————
- . 20407 - DDH 3 B L 2/00" . .
o ? fﬂ::mi/i‘lg) Swrr o
- . L2007 | . - o R 2060 - S —
) Loss
o 90 [Fodt o%
%
e R0EO ] Y'Y, o o - o o ° 2020 A e _ ;
N
N
os
P.va o0-e
/960]
SW NE
S i R0B0 o o ) - - e — - .
Siver Seotin GOOGONG
: 8807 - o NN N N NS LN KNI - i
DAM  SITE
. 3 _ - NSW“_ —
oo Waler fressvre resting resu/ss
- - — Boo” | yag/res /7 & S At d ity SRARhih - -
2 o 40 Ao 20 60 200
. 960 | R [ i

FPive O

1 | i 1 e

SW NE

S

‘3’/7,

%
7
7

e e . RO80]

e ROLOT]

S NP> <1~ X

Buresy of Mwmers/ fesowrces

, Canberra, /362 7o Zccompoary Fecord NE /963/68

Sczle 17 Feel

Kelerence

/(an?g oF ertioi . (e,

0-/0  /0-20 20-39 30-40 4, Acrtiomern EFFENve r‘/i,w/_*e
pSq psL Y- Y O ”“ -

- Loss of wakr

S5 shmn by forironta) scac. and /s etoresseq’
2 galons per mant Der Tool of Seclion Fested.

o

o 92 o3 o4 cs5 G.PM /vi&n//z,
L —

[ - ) 1 A s

D Sor/ f e composes IICIE.

Weothered aeci’e.

Docile ona gronodiorte popPhyry.
Graosite — decile  contsef zone.
Granse .

Quer/z.

W - +\ /N s
S - N -7
A ] BN A L

Mfor foints e SHEOPS — —mmme o e




foof 199 50 ] 100 200

_s00 feef
e T

Horizonls/ scale

Jee Alafe 1 for pasition 177 rekriorn fo dorm Sife.

Soi/

Cainozoic ~
Soi/ 4 wash

Girsrife 4 pfﬂo’é)ﬂ/f

Silurian < < Dacitic fuffs

S/lafe, shve P‘

GEOLOGY OF
GOOGONG SADDLE

AREA

Queanbeyan River NSW

MN

Plate 6

i %
In Ry
_ ‘ ] 60’ ,' b PN - ¢ N
,“,— A/D/O/'OJ//M/K yeo/aﬂ/a?/ bOUﬂd(?/‘)/' 30' A_ N - ',/ ’ ) M-éfh\) h‘, \ \\ — N \" J 5/3 N . 3{6 %
. ) . 1 1 G . \ — . - N
a7 Approximete concealec] gcologrea/ boundory- 5 oA S5 O'A Jsere® | e o \Mh\\\\ } ™~ \,&J
Aes* Strike rdip of strafe - facing unknown ¥ ¢ Vo e { 1 “.,”/E,\ \ :" \ o B
. - i A /, = » 1 o~ AN
260° Strike raip of beds - overturned? &« N 7<j\‘ o i «: 3 ’: | l>,_,( \ . “
low Strike raip of cledvage - nessured. / . ,bo; A ™~/ ! ,pb?\ 5\5 i 5 \QJ\:' ~ ," ¢ oy
. ) \U7 NY S CAN * ) — ‘\ ™
Va S/f//{f ’ /D/j vc;'//my dp> of clevage., /\/umefo"‘ > i AN ;/7 ‘ \{3 ;; ; / | -
; / ! 7 | Ve~
I Verticol cleavage. out < g S o L7 .
i Strike tahp of jornl : vy ST % S
7rav-SA Sersmsc Fraverse. \«O/ k W o~ \\ v
v N A | 3
AA Jarvey peg ty N 3
>
o
Interpretative Section A-B
Scale ¥ =25
/4 fas)t 2260’
2260 "‘
. 2240’
2240 A
‘2220
2220
B > ontro/ peg 304 ré200”
2200 < A )\ > L CRT,;;Z‘ZO’ + +//+ "_
N Al , .
o A L <A A T\‘—z 2 - Embankmernt | leve/ 7 /ﬁ%f/f&/ -4_ -2/180"
h - Pro,, - +
7 < N < - L 7 ~ 2 e Surfoce of menrr 7 Tk < ' +
AT S,V <geusme refractor N 5 L 37 - 260"
2160 > VoL —T. N Jd L7 _ -
LT S 3 A7 o < -+ + +
~
2/40° ¢ RN 7 < o'
2 ‘
+ 4 i
0| 220
: + + 72 Record /963/68
(7] ecor
e of Momersl Resowces, Conberra oo Vel /4,000 f1/sec. Va, /0,500 ff/;ec. l 200" SCCOrMpPINTY 7




Plate 7
Ay GEOLOGICAL MAP— GOOGONG CATCHMENT

.

. (After Conberre dmite Geologics/ Sheel )
4_’.’/’
s / e
Culls ,"; éL/i

&Y
Y [
N o
{/" .
g a_/“/l + o+t '
S ez Tty
[y 2 AR IR NS ' : -
=s 'l/e 4+ +oF oy “.;: (5/”020/0 Adervicsry,
® '/=.1‘4D5’++4 ly
A /l/%i”*‘**iritf'#
B0 //'//.l :++ . '/.«J“v-'
~ ;,’rﬂ/ N5 .////ﬁ P 7é/-//a{)/ TS| Beselt.
B SRR
;/ ) ) ' ‘/ \ ,R
/////'" ‘i‘ “/w 4 48 ’ty —
- T ‘!{ a;itéixs/" AR U Siturien fo M Devornarr [1DG4|  oranite.
432 1.9 4 33 deond RO it s
L > T b @\ ‘ '
- 2 RS —
MiLEs 19/ //5 tnaifferent;afed sedirrenfs, Teek ¥
s some mfrasives.
Midate to Lpper? Sjluriarn  |ISpi|  Sheoned decite srdd porptyry.
/ Uwe/‘? 4 Madle Sp/wrier Sm Shate, /imestone , sanrdistone d foAT.
Ulo/oer Ordovicion 6.%; [ Growred sec)meErs -
Orefovicran 3 O g UnadiHerentioted fore yrs//}ea’
Rerererce. . - < Secirrents -
“ o o
Lower Orcloviciern /O I; Sond/stane snd srofle .

SN Aporanimsre geolgice/ bourrdory

SR nferred geol/ogics/ bourrday
—— " Approrimete fEuf

5 y M DS
Se0” LDip Ofaﬂddn_g Tt
2 5 Quorry ar posss e gusrry with reference murnber ’:’i NG -
OPbZC&/J/d/hS Fliof Mire - closecas 3 /,'* + w4 .
o v AN G 3 ‘ot
8  Tonnsip -t ERE +/ y VN
I Mzpor road o A /Ql* P3 + / /\n
N 5% i P R RN N
AN /Y/'nor rozd *»(\L Ve . s //,' + + T / N o /‘rt-
- . . . . LS T T T e // N vy el
A T7ig. sron J/?é/y/)//n rFeet t*,’/g" R j/; *| et + ¢ -/d R
830 1| > AR Jerangle . +~\\&‘(Y'
e . AN N+ [ f»f/‘
N - /‘W*l \“’Y)+1 + oy o+ + + A
~O LT e A O Ay
+ :\\ AT )fg/ //‘: l ,{3 -t +*+ + Dg* thd o+ ki //%‘\ .
P4 AN ) #':;:.‘--\ + + t Y g8 (T8
Yl ST DR, 7l PR R S U U W
pu = 1 ¥ A + \
/1’ + N N 'y Yoot ~"~,‘_~‘_,V [T Sl [ ¥ “’: N ¥
o\ M—\‘\,/i(\ VATRT v T t + Xy
L B /\\-‘é (R & ek g /\’f&
/ " *Y«f;« P :\/“l+ ' L+ vy t 4y + {4’1 Voo //"&,
K N A i . + 4 g S isiarue C Y
S 3 Y At ot v v A As\;;///\‘,'*
%<" )\S 4*4‘,,,// /I/ ‘l 3 ¥ n + + + + + n “"* :/ T % .
. / * P (21 Y R /‘3'*(
- z Iraq/ - e I’ 1 T Y /‘/ /‘“‘ ¥
e, - \' H I y \_\'(
o VT T
[ \ T X
\\ | [ ’// P - \‘
U L

Borese: of Miners! Resources, Conberrs, Nov. /963 70 sccompany Fecord /968/68




Fa/e 8

COOGONG LAM S/7F

Northerrn Storege Area
Quearnbeysrn Kiver NV.Sk.

LPER SILURIAY
wwoet pevony |+

N VN
4N 7

AR

suwray

T -

T
T
o 01
- - HH
:

oroovician |

TRUE NORTY

BMP /962

Grarte, grenediorte, Guar/z
A melemonphics over/yng gram’e .

Dzerfe (Ut A)
TurF, ea/papeous V09 - CR/C S/EAUS,
(Womly /5 8B,C+0)

SiHe, S/ iiferbeds )
eTmens, FrSly AN, rnnor SIndhne,

11me STone., some fuft. [Umk E4F)
Limestone Leds.

Limre siora . ¢ A G)

Creywacke & s/t/e .

Geologica/ boundsry smirotimste.
Gealogiea! boundery inferred
FBa't, Spprosmete .

Source of m&teris), with redt reference .

SCALE.
Sctes </ ruk soprormet .
Confour snferva/ 257

70 sccompary frecord Ve / 963/68



Wese
2500°

2000°

Googorrg fulf — Quesrbeyern Fiver

| Cullarin

Quesnbeyar V> 7/

Horst

Last

2500°

L2000

1600°

/500’

DEVONAN or SHEURIAN

MIBOLE DEVONIAN Fo
UPPER S/LURIAN

éfﬂe i

X

P .
x| teleanics
x

Granife

/= F myle

vV /" =500 feet

Buresw of Minens/ Resouvrces , Canberrs. QOecember /962,

/"o/o{f}?y

MIDDLE STLURIAN

LOWER SIURIAN

S5/

sehermalic

Daorre

JSediments 4 tulfs

Sediments

UPPER ORDOVICIAN?

MIDOLE ORDOVICIAN ?

Ou

Slefes, oxd sriistone

WX

Greywecke 4 skte

Geological Section
GOOGONG AREA

Quesntbeyers Fover, NS W

7o sccompeny Record /963/64 PLATE 9




D/;syfammaﬁb SKkerchH
5ooyon9 Dem Sife

FPossrb/e ([ ea@e 275
( rot fo geafe )

Buresu of Miners| Resources, Geology 4 Gegalysics, Conberrs, Dec. /962

5/0/'@&
Gromle ~dacsfe
Gdhﬂ'/é;\'}f“tc‘:loc, =
—— /a//z/.'t‘ Iy secled PN i
féae/_/év\)?/:. Z o
~ 1 5 Ay T/ 1\ L/ \\, # \
t II , / \\\ ‘ ] |‘ : 1’1'7 \\ / \l\{-fbﬂ J.r/}ee}ea’ \ I
s e || T THE beg]
(some _jaiks sested) | | oL AL /
.f.

Sonditone &4 sholep— _—~ =

70 Sccompeny Record A/"/jﬁi/‘l

0t 3IvVd




GOOGONG DAM SITE

Ordovicion Sediments

Ordovicion Sediments

MAIN STORAGE AREA
(Lookmq south-east from a point about 200yds south of southern end of proposed

PROPOSED DAM SITE
(looking upstream)

dom oxis line)

PLATE

M(A)/ 6

L3 1Vld



PLATE 12

A- SECY-CO"PGIF; [,Cf[abulrnen[ ;‘
B. Right abulment |

i

C S[e reg~ Palr Cs r:ghf,a-butmenr_f

J
|_

PSR . e I



















	Front Cover
	Title Page
	Table of Contents
	Table of Contents (ii)
	Summary
	Introduction
	Previous Investigations
	Present Investigations

	Physiography
	General Geology
	Catchment Area
	Storage
	Dam Site

	Engineering Geology
	Dam Site
	Ridge
	Saddle
	Storage
	Run-off
	Materials
	Seismicity

	Conclusions
	Recommendations
	Acknowledgements
	References
	Appendices
	Appendix 1
	Appendix 2
	Appendix 3
	Appendix 4
	Appendix 5


	Plates
	Plate 1
	Plate 2
	Plate 3
	Plate 4
	Plate 5
	Plate 6
	Plate 7
	Plate 8
	Plate 9
	Plate 10
	Plate 11
	Plate 12
	Plate 12A Photo 1
	Plate 12A Photo 2
	Plate 12B
	Plate 12C Photo 1
	Plate 12C Photo 2





