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Report No., 1946/12,
Plans Nose. 1348, 1349,

I, SUMIIARY,

1, DFour possible dam sites were exsmined along the Uppcer
Cotter River betwcen Bughrangers and Colling Crceig.

Le The @eology of the area consists of an dlder for.aation
of phyllite, the Franklin formation, and 8 youn or Iopma-
tion of quartzite, the Tidbinbilla quartzite, separated
by a major normal fault, Both furmotions have been
intruded by blotite granite, :

3¢ The suitability of the area for the construction of a
dam has been examined with regard to eeismic activity,
the effect of loading due¢ to impounded water, and the
possibility of leakage of water from the stora;e, The
investigation of seismic activity in the Australian
Capital Yerritory 1s not yet cumplete, but the available
evidence sugpests that earth £remors in the Cotter River
area (re likely to be of low intensity, and that, al-
though it 18 poseidble, it 4is unlikely %bat movement will
take place along the Cotter fault,

4, Consideration of these regionnl factge indicates that
the dam should be constructed at as ¢ reat a distance as
possible from the Cotter fault and in such a position
as to impound the minimum depth of water over the fault
zone, Gite B 1s therefore considered the best site for
a retaining wall,. :

be The geological feature of cach of the four sites have
been briefly discussed, snd the order of preference
eatablished as B, C, A, D,

G, Enzinecering geology at Site B hae bacn discussed in
detatl and there appear to be no scrious disadvanta ce
to the construction or maintenance of a stable dai ot
this site,

7« The supply of rock suitable for ule os asgreate has
been investigated, Quartzite, river ruvels and
porphyritic granite should all be suitable for this
purpose, and asdequate aupplies of these rocks occur in
the vicinity of 3ite B,

8 There are no readily available supplies of natural sand
along the Cotter River in this area, but limited
quantities can probably be obtained by screening the
river grovels in the flats and terraces. Artificial
sand could be prepared from quartzite by grinding,
wasbing and screening,

II, IHTRODUCTION.

A, OENLRAL,

In Hovember, 1945, the Department of Works and liousing
requosted that a Geological Survey be made of a section of the
Upper Cotter Valley in which it is proposed to construct a dem.
Four provisional sites had been selected in 1908 by surveyors



of the Lands Department of New South Wales, and these and any
other poesible gites were to be examined,

A preliminary examination, in conjunction with lr.
Thorntona Superintending Civil Engineer of the Department of
Works and Housing, was made on 3rd December, The field work was
subsequently carried out by Messrs. Noakeg, Dimmick and Hawkins
who spent nlne days in the area from 1ith to 19th December, 1945,

This report deals with the seolory of the area examined
with special reference to possible dam sites, The section on
general geclogy has been made more dotailed than io strictly
necessary from an engineering polnt of view booasusc no praovious
geological work has been carried out in the area, The report
is also intended as & basis for future reglonsl work in the area
lying west of the lMurrumbidgee River where little is known of
the geological structure and stratigraphical sequence,

B, LOCATION ARND ACCESH,

The Cotter River forms part of the Murrumbidgee watepr—
shed, It rises between Hounts Kelly and Bimberi in mountainous
éountry near the southern border of the Territory, and flows
north for about 35 miles to its confluence with the lurrumbidgee
10 miles weat of Canberra, The existing dam i3 situated on the
Cotter River about 1} miles from its Junoction with the NMurrum=
bidgee, The gtretch of the river which includes the new dam
sites extends over approximately 4 miles of the Upper Cotter
River, between Bushrangers and Collins Creeks, and due west of
Hount Tidbinbilla. (See Flate 1),

This section.of the Cotter Valley lies in rugred
country in which thore are no roads or esteblished tracks. The
necaregt road is that which runs from Uriarra to Mount Franklin
and follows the Cotter«Goodradigbee Divide, This road gives
access to the western side of the Upper Cotter Valley. A graded
horse or tractor road has been constructed from Bendora, a
forestry camp 6 miles north of Mount Franklin and about 42 miles
by road from Canberra, down a prominent spur into the Cotter
Valley. This track ends at & hut about (half a mile) west of
the mouth of Bushranger Creek and approximately 570 feet above
the Cotter River, Supplies and equipmont can be teken as fapr
as this hut - by motor truck to Bendora, thence by tractor and
sledgs down the grafled track - but beyond the hut transport is
at present limited to packhorses, Considersble difficulty would
be encountered in moving pack horses downeiream but a rourh pack
track hes been established upstream for approximately 2% miles
to the mouth of Cow Flet Creek and horses could be taken farthcr
upstregm, at least to the vicinity of site Dy A loaded pack
horge taﬁes approximately 1 hour to travel from the hut to Cow
Flat Creek, : .

C, MAPPING,

The only base map of the area available was the
Feature Map of the Austral lan Capital Territory, on a scale of
a little over 2 miles to the inch, but this scale was too small
and the map too inaccurate for use as a base map for geological
work on the Cotter Rivers A base map of the relevant section
of the Cotter Valley was therefore conatructed from aerial
photographs supplied by the Department of the Interior, The
map was prepared directly from air photographs, without adjust-
ments in scale due to variations in topography, and should there-
fore bs regarded 28 a preliminary one, The scgle was calculated
to be 1,680 feet to the inch,

The geology of the area was mepped on to air photos
in the field and transferred to the base map whic¢h is reproduezd
in Plate 1, It was not possible to cover the whole of the area,
even in reconnaissance, and the geological boundaries established
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by field work were sxtouded lgtor by studying the air photographs.
Boundaries determined frou viy puotographs nave bsen denoted by
broken linea on Plate 1 to distiwguish thom from boundarios
establisghed by f£iecld work.

Prospeative dant Sites, selactad in 1908, are show
on Plate 1, and lottercd A, D, C,iy, from north to south. On sccouwat
of the scarcity of placse namce in tho areas, bthese site s will
fregquently be used .in the report as points ¢f refercnce,

. Detailed plans of the Cetter River botwen
possgible sites A and D had been compiled by the New South /ales Land
Depertment An 1908, and coples of these plana wepre usad in

- detaliled mapping along the course of the #iver. Reduccd lovelsn

for cointa con the River and at tho ww sitos wepe taken Lot

thesec plans and used for corr.cuv.ly nunessus bucsolktole $LaviuicuS,
Site B was mapped in detaill bd yiau@ table aud slewia v a
detailed plan and section of T oite opuear in sludu L.

I1I. BIVSICORARIY,

The Cotter Rivor flows throush the npuntainous
country occupying the southern hglf of the Australian Caopitol
Territory and bounded on the east snd north-east by the Furrumbldgee
River. Therc is s marked change in topography at the Murrunbidgee
River, south of tho Cotter Junction. Hoderstely dissected uplands
occur on the castern sidc of the piver, bubl give way t0 rugged
mountain country on the west. This ebrupt change, clthoush partly

due wda to differentisl eroczion, is generally sccepted as evidcace

of block fsulting which coi..cnced in Pertiary tio. The Lurrun-
bidgee River ig believed 40 mark the trend of a major norngl fuult
with the upthrown bloclk to the west-south~wont and the down thoown
block to east-north-sast (Lriffith Taylor, 1910),

Jver woot of its course the Cotter River liocs in
a valley gorga with the wverlopping spure and stecp river sides
common to youkthful strea.a. Thae topography is, Hherefore, in nany
places ogmminently sultable fur the construction of dams.
However, the fall of the river is oteep, approximastely b5 feet to
tho mile, above Bushrangers Creek, and this, in conjunction with
ths youthful valley, would limit the storage capacity of the dam.

The .straipght noprtherly courss of the Cottor River
has boon determincd mainly by the northerly strike of the memmorphic
rockse which 1t has eroded and partly by the northerly trend of
a major fault which can be traced glong ths oentre of the valley
for at leaet 4 miles.

IVO G“ k\&u“.ﬁh GMU&OGX »
INTRODUCTION.

The geoloical units mapped in the U;«uﬂ Cotter
Valley 1nu1ude phyllite, fouu! on the western sidc of uhe v:lley and
youonger beds of quartzito, wvhich outerop east of the Cobtor Qives,
The quartzite has baon faulted down into the phyllitc nlons the
Cottor vault, whichy in this ares, clossly follows the couwrsc of
the Cotter Riverg Both phyllite and quartzite have been lnitruded
by small bodies of granite.

Sinco 0o previous goeological work had been
carried out in the Uppo. Cotter Valley, it was necessary to nawo the
igneous and metamorphic units vhich outcrop in the arca.

Thig ha. boun done in accordance with tho gyston
of claasification and 2oilvuclatuse of rock unite propared by
Geologieal Bocicties in erice in 1932 (Bartrun, 1939).
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To avoid any com’usion, the units mapped and
noned are set oul bslowi=

Frenklin formgtion: A formgtion of metamorphic rocks coansisting

~ of phyllite, with some inborbedded quartgite,
which outorops sloung the Cotter~Guodradigbee
Divide and on the western side of the Cotter
Valley for at least 10 miles north of Liount
Pranklin,..

Pidbinbilia Quartzites A LomaTLOW CunpO8eu Of cuuptuito, with
rarc bonde o siliclifice shale; wvhich
catondy oveyr the castora nidce of the
Cotber Vallsy in the vigiuisy of Liount
Todbinbilla. The formation oxtends for
at leaat 3 wiles north ondg south of lount
Tidbinbilla and has been faultcd dovin
aguinet the Franklin fomation along the
Cotter Pault,

Beudora granita: A 8111 ox olungated otock of biotite
: granite inlvuding the I'renkiin fornation
near Dondore, which lies on the rranklin

soad 6 miles north of Mount Franllin,

Cow Plgt granite: Au wpuphysis or elongated stock of biotite
Lecaite whieh dntrudcs the 7idbinbilla
yuurenile along the Cotter kiver in the
vicinity ¢f Cow Flat Crock.

B, METANORPHIC ROCK3.

. (1) Franklin Fomnlabion - Phyllite of the Fraaklin
formztion and intrusive granlte occupy the cntirc western side of
the Cotter Rivor Valley, bvetveen LHushrangers and Collins CGrecks. un
the cast phylliite is bounded sharply by the Cotter feult. On the
west phyllite oulcrops on the Gotier-doodradighes Divide and undoubt.
edly continves westwards into the eastern side of tha Goodradigbee
valley. The formation originally consisted mainly of shale, but
it has been altorsd into sericite phyllite in which aprominent
flow egleavage has besn developeds Thin sundy beds were interuvedded
with the shale in some placas and these havo been convoptoed sato
sheared quartzite, Tho altoritios of 608 fuGb v nuanly Gue to
regional metomorphism bus the Baendo 38 netuinesehicn 40 not high.

In %thin secv:aoa the only mosviopyhie mincral
present is sericite which hay Jomuwd ia needlaos atd clughosd oricntd
in the plan of the floy clsovagu. Guartz le proscat in omall
lenses which form typlecl nuzean girusture in the JOCk.

Ploy cicevage or schistonity is the prominent
structare in the phyilite., The relabionship of bedding to schistos-
ity wae dotermined only in & few places. Betwesn the Cotter River
and the Gooiradigbec Divide, bedding and schictosity appeared comp—
arable in striko snd dip in sovevral places bubbt one pornt on the
Frankzlin road, bout 2 meles aopth of Lendora, schistosity dipped
80 degrees west with a north-south strike, but boeddings, with the
game strike, dipped oniy L0 wegrees to thewsts

The sizile of Bhe schistosity varied little fuon
north-gouth iu &11 of tuou vuterops that wore exomined, and dips,
over most of the aroag, weirc cwvusistently 4o the west at angles rang-
“ing 'from 50 to 60 degseen, Piyllite at Wouat Agnes on the Cotter-
Goodrofigbeo Bivide dipged &6 o high ongle o the east, however,
and thore was cviaence ob othe: pleces to the north o suggest a
rceverpal of dip in the vicinmiiy oy She divide which may thorefore,
lie nesr the asis of a wojor syncling. o

The age of the Ivanklin foraaticn ig not kinowa,
but by genersl comparison with rocks of kuown Ags in tho Jenberra
District they are probably dilurlan or Oprdovician. The closest
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comparison is afforded by the slatca and phylliteo found south

of Queanbeyan which are known to ho of Upper Ordoviciaun Age and
on this gccount a tentative estimato of Upper Ordovieclaon /ge

for the Cotter phyliites seoms reasongble. No f08gils wore found
.during the recent field work and it ls pobable that metamorphiem
has destroyed any organic materlal ia the rocks,

' (2) 7idbinbilla Guartszite - The Tidbinbilla quartcite
(and some Llnitrusive graniLe) oocupies othe entirs eastosa cido of the
Valley betwesin Bushrangsrs and Coll.ns Ureaks, ani extonds eastward

from the Cotéter fault Lo a coutact wivh granito ppprosiilgely 2
miles east of the Cotter~raduy'u RQivew Divide,

Tho Pormation originally congligtod of sandotoue
with some calcarsous phases und a Pfow thin sholy banags Thornal
metamorphism producsed by intrusive graanlte has dtered the rocks
t0 mgsoive guortzite ia which ailicifisd ghaly bandn can, in places,
be discerned. Iin many places all Irece of the origroal bedding
planes has been obacured, but in some outcrops bedding .o 8till
discernibie,

In thin section the rock consists of a mosalc of
rocrystallised guartz iu whlch traces of the opiglnael graino can
be meen., Some metamorphic minsraels have been produccd. They
occupy interstitial spaccu 1o the guarts mosaic and constitute
from 20 t0 30 per ceut. of the rock. The rook shows no directional
gtructures and alteration is ¢o be attributed to thermel metumore
phism, :

Tho prace of meteniorphiam decreuses away from
the granite coutact. uuarisite from site C, some 630 feet from the
ranite contact showéd tho highest grafde of metemorphism obseprved.

nghamorphic ninorals iuncluded chlorite and a bighegratic meta-
mepphic mineral. This was not ifdentified, but 1t resembled cltered
biotite, A bounder of guartgite foun Cow Flat OroeX also showed
o comparatively high grade of thermal metamorphism.  Approximately
30 per cent, of the rock cousisted of umetamorphic minerals
including ehlorite and g mineral which probably pelougs to the
epidote group. Another boulder from the same acurce showsed a
lower grade of wmgtausiorphism in which chiorite eppearod %0 be the
only metamopphic mineral produced. In some places adjoiniug the
granite contest, notably at s8ite £, intense silicificetion of the
“quartzite has taken place and the roekx has beon conversoed into
masgive quprtz.

Thoe wobviblllisy of calearcous rotiii SCCWI LN
in the Tidblubills guartzlitcs Usrronts spocianl cuungivurobion cinco
the presence of these pocks mighl give rise to serious engincoping |
problems, The presende of calcarious sandstons and posSibly '
limestone on certalu horizons in the formation has been inferred
from the appeéargace of the pocks exposcd in the zivor J; mile
upstream f'rom sibte C,

Selected speciienc of guarizite from thio
Locality wers aubjected o guantitative acid teots, whioh would
remove any ceakeite, dolomite or iron oxides predsenty but the
higheat Loss by soluiion awounted Lo dunly 1«1 per cont, Further-
more no calcite could bae usscorned in this sections. Similar quante
itativo tests were carricd out on selected Lraguonts of avartzsito,
with a dolomitic appsuraccd, taken from gravels ab the mouth of |
Cow Flat Ureek, bhut fhesc sawuwed a meximum Loss by uolution of A
oNly 2.0 per cenb. ‘

It 15 concluded that if any calcliie op dolomite
were originelly pressiut in some bavue of Jhe rook must of it has
been repiaced by skiice or couvarived into wmetanorphic minerals.

‘ Although therc mey be thin galcareoas bands in
tie Tidbinbilla quartsite there is no avidenas ¢f sipgnificant beds
of 1limastone, Mo caves or solution holos wera obugerved and no
inorastetions of any sopt wores noted in Gry atream chonngls op
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around pools in quartzite country. No boulders of limestone wvere
observed in the streaa grovels examined.

The 1idbiabilla quartzite has been gently folded
along a north south axio und, dips consistently to the wost at
angles ranging from 15 to §;0 Gegrees and averaging 20 to 25 degrees.
The examination of the ¢unrs.ite was admittedly a cursory one
and bedding could rarely ue uiscorined, but there was no evidenee
of a rewersal of dip cithor iu tho outerops examined or in the
aerial photographs of the arocae T he quartzite was stongly Jointed
after siliciflcation and wmoot of tho jolnt planes are vortical
or steeply inclined, ,

‘ Slight changes im s tructure wore oboerved in
places where the quartzitc terminateos against the Cottsr Fault. ia
some placcs, notably at site Ay the dip steepens closc to the fauld
and many reach 40 degrees, bult at exposures hetwsen sites C and

D, the quartzite has apparently been dragged up against the fault
and becomes horiszontal, or even Adips slightly to the east, within
60 feet of the fault. In the wicinity of site C, the quartzite
shows more shattering in prozimity to the fault than cloevherc.
The relationship of the Tidbiubilla (Quartszitc to socks of kuown
age elsewhere in the Canbeusa wroa uhas avt bocn dotemuilacu, but
the formation is probably of Uppce ®ilupign 0F SCvulioll Cle

' ¢. __IGNEOUS ROCKS.

The ipaeous rocks found in the arce co.usiot of
two agparate intrusions, the Dendora granite and the Cow Plat
granite,

(1) Bendora Grenlte, This granite outcrops on the westorn side
of the Cotter %aliey midway between the Cotter River anmd the
Cotter~Goodradigbee Divide., It outcrops as a lenticular masso
approximately 4 miles long, with g meximum width of 1) oiles.
It is elongated in a north-south direction, and appsesrs to bhe
generally concordant witiz tho stivoture of the phyllites.

The soch is a biotite granitc congisting of quar-
tz, orthoclase, a 1itilc plegioclase (acid andesine) and biotitc,
No ferromagnesian mineral other than blotite has been found in
the rock.

In hand speeinon the rock shows incipient
gneisaic banding and in thin scction shows furthor evidence of
strain in broken and strained guartz crystals. .

The intrusive ic probably a sill or elongated
stock, and was intruded at a time when stresc wds still oporative.

(2) Cow Flgt Granite. The Cow Flat Granite outcrops along or

ad jacent to the Cotter River between sites A and C. The granite
forms an irregular lenticular intrusion into the Tidbinbilla
quartzites. It is elongated in a north-~south Jipcetion and parlly
truncated on the western aido by the Cotter rault. 7Tho outerop
18 a little over three milcsu lon; nau uyto appuosimatoly 4 milo
wide, . .

_ The intrusion consists mainly of geid bictide
granite, in which most of the fclopar is orthoclase and the oaly
ferro-magnesian mineral is biotite. Porphyritic geranitc, wurth
prominent crystals of quarts, felspar and biotite is comnon,
particularly nesar the margins of the intrusion. Unlike the
Bendora granite the rock is massive and has no gnoiosic bandiag,

At eite A the Cow PFlat Granite is oaly 1,000 fest
wide and dips west with the quartzite, but near site B 18 opprox-
imatelylé mile wide, and the east wall of the granite nppcaro to be
vertical. :

An izro_ular tongue of granite exteads up Cow
Flat Creek, eastward furou the nlain body. Parther east a large
nass
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‘of very coars@grained biotite granitée outcrops asbout two miles east
of Nount Tidbinbille, in the Paddy's River Valley, end extends east-
werd to the Murrumbidgee River. This distribution of biotite granite
east of the Cotter River indicetes that the Cow Flat granite is pro-

.bably e major apophysis or stock-like instrusion connected in depth
with the batholith that outerops to the east.

' The relationship between the Bendora grenite and the Cow
Flgt granite is obscure, but the chemical and mineralogicel similarity
of the two instrusions and the additude of the foult indicete
thet the two granites may have been part of the seme insrusion before
faulting took place, Furthermore, the difference in structure and
texture between the two intrusions suggests that, if they were con-
temporaneous, the Cow Flat granite consolidated et a relatively~higheﬂ
level in the 1intruded rocks, The sge of the grenites is not known
but it seems likely that they were introduced lete in Devonian time
when major granitic intrusions are known to have taken plece.

D, . STRUCTURAL GEOLOGY.

(1) Genersl,, The sreas examingd is too small to nrovide an inter-
pretation of the broad structures in the Cotter River District.
However, it eppesrs that bodies of granite ve been intruded through
‘older steeply folded phyllite of the Franklin formation, into over-
lying beds of sendstone which were converted into the Tidbinbille
guartzite. Subsequently e meridionsl fault developed, which ceoused
downward movement of consideraeble magnitude in the eastern blook.
Subseqguent erosién has apparently removed all trace of the quartzite
on the upthrow block, immediately weat of the fault, and has left
quartzite sbutting phyllite slong the outcrop of the fault,

(2) The Cotter Fault. The Cotter Fault is the most important

structurnl feeture in the aree, Tho fault has been traced from site
A, near the mouth of Bushrangers Creek for about 4 miles to the south
to a point about % mile north of the junction of Collins Creek with
the Cotter River., Over most of this distance the fault lies slong
the Cotter River whose course and position has largely been determin-
ed by the 1line of weakness provided by the feull.

< - In view of the importance of this fault in the selection
of dam sites in the erea it is as well to state briefly the geologlc-
al facts which indicate thet feulting has tsken place. These may -
be summerised es follows - .

(1) Quartzite dipping at 25 degrees to the west outorops on the
eastern side of the Cotter Valley, but, et the fault line,
' about phyllite whioh dips steeply to the west. . :

(11) Where the contact between the two formations is cleerly
exposed (notably 4 mile south of site A and elso % miles
upstream from site C), they are separated by a zone of
shattered rock up to 120 feet wide.

(111)The trace of the contoct of the two formations on the surface
18 virtually a straight line regardless of topographical
relief, indiceting that the contact is close to vertiocsl.

(1v) The quartzite shows elteration due to modsrate thermal
me tamorphism « the phyllite shows elteration and structures
predominantly due to moderate regional metamorphism.

(v) To quartzite referable to the Tidbinbilla quartzite‘has been
foun west of the fault zone and no phyllite hes been found
sast of the fault zone. . :

(vi) The Cow Flat grenite which intrudes the Tidbinbilla quartzite |
' hes been traced up to, but not ecross, the fault zone, and :
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no definite contact metamorphic effects have been detected in
pJyllite of the Fronklin formation asdjecent to this granite.

As already indicated the &ip appears to be vertical
or very nesrly so, and this suggeets a normel fault whiech probebly
dips very steeply to the esst. The throw of the fault, i.e.
the vertiocsl downward displacement of the downthrow block, cannot
be Getermined, but the fact thet no Tidbinbills quertzite haes
yet been f£rund in the Cotter Valley west of the fault suggests
a throw of consideroble magnitude. ,

, The age of the Cotter Fault hes not been established,
but 1t ia probseble that major movement c mmenced in Tertiery
time, and mey have been roughly comtemporaneous with movements
slong the Llurrumbidgee and Cullerin Foults,

, There is no marked topographicel expression of the
Cotter Fault, but this may be accounted for by the difference
in the rate of erosion of phyllite on the upthrow block, and
quartzite on the opposite side of the fault.

V. ENGINGERING GEOLOGY.
A._POS3IBLE DAL SITES. |

The problems involved in selecting suitable dam sites
in the Upper Cotter ares fall into two groups = regional problems
which apply to the arce &s & vhole and, therefore, effect all
poassible dem sites, and locel problems whioh are concorned with
- the details of the individuel sites. It is proposed to deal
firstly with the regional problems before dlscusszing the merits
of individual sites, 4

ls. Region Problems,

(a) Seismic nctivity ~ The strotch of river in which it

is proposed to build the new dem lies adjecent to the Cotter
Feult, and is approximately 12 miles west of the supposed
Murrumbidgee Fault., It is therefore obvious that, if move-
ment took plaece along either of these faults, earth tremors
would be set up which might effect the stability or eoffici-
ency of & reteiniong wall., Furthermore, comparatively recent
faults sre known elsewhere in- the Canberra-Goulburn district,
such g8 the Cullerin fault at Lokoe George, and the distrioct
is subject to occasional carth tremors. ‘

The question of eplcentres of seismic activity in the Amt-
:+ ,rolien Capitel Territory hes been referred to Father
0'Connell of the Riverview Jbservatory at 3ydney, but unfor-
tunately his report will not be aveileble for some time.
The following remarks end conclusions may therefore require
gome modification when more detalled informetion is avellable.

The only information on the pogition of epicentres in
the Canberrs~-Goulburn district apneors on & map published in
1910 (Griffith, Teylor, 1910). <This mep shows 4O epicentres

.within a redius of approximately 70 miles of the Upper
Uotter Valley, but the number and intensity of tremors which
have originated from each epicentre is not shown. S8ixteen
of the 70 eplcentres sre distributed arnsund Lske CGeorge,
end i{n the area between Lake George end the Capital Territory.
Four eplcentres are shown distributed olong or close to the
Huprrumbidgee Valley for approximately 50 miles north of _the.
Territory, and 15 epicentres are shown around the hesad
of the Murrumbidgee and Snown Rivers. Three eplcentres ere
shown west of the Murr umbidgee near the lower Goodradigbee
‘River, end two occur ferther west in the Tumut Valley. No

. eplcentres sre shown within the boundaries of the Territory.




However, since the nearest recording seismographs were
in Sydney and Melbourne the location of epicentres in the
Cenberra-Goulburn district was probably subjest to an error
of up to 20 to 30 miles or more, and the map of epiccntres
referred to sbove, therefore, may be inexasct. Even if sllow-
ange be made for an error of 20 to 30 miles in the position
of eplcentres on the map, there are only four epicentres
whose correct position might lie in the Australien Capital

. Territory, Two of these oould be pleced in the Murrumbidgee
Velley, one in the Cotter Valley and one could be placed
in either Velley.

The only conclusions which might be drawn from Griffith
Teylor's mep 8re =. ' :

(1) Seiemic disturbances have originated in the
Canberre-Coulburn district in recent yesrs and similear 4is-
turbances must be expected in the future, .

(11) From the distribution of epicentres it appears
that earth tremors are more likely to originate in the lLake
George district or in the headwaters of the Lnowy and

. Murrumbidgee Rivers than at any other plece within a redius
" of 100 miles of Canberrea.

(111) Bpicentres shown near the head of the Murrumbidgese
and sgain elong the Murrumbidgee north of the Capital
Territory suggest that earth tremors mey originate from the
 Murrumbidgee fault zone, particularly ®© the north and south
of the Territory. ,

(1v) There is 1ittle or no evidence to indiocate thet
geismic disturbances have originated from the Cotter fault,

The o nlyinformation at present avallable on the inten-
sity of the tremors which have occurred in the Territory is based
on verbatim reports by seversl residents of long standing. Earth
tremors were felt in Canberra in 1930; 1934 and 1944, All of
these tremors were apparently of low intensity and probebly of
the order of 3 on the Rossi-Forel scale. These tremors have
ocourred since the present Cotter dam was completed in 1915, and
heve apperently caused no damage. The wall of this dem nov
shows some horizontsl and vertical cracks, but it is believed
thet seismic activity has not been a fector in their formation.

The conclugion is therefore, resched that the Upper
Cotter esrea will undoubtedly be subject to earth tremors from
time to time, DBased on experience over s limited period, these
will in all probasbility be of low intenglty. A major eerthguake
is, of course, possible but there is mo record of such an earth®
quake in the history of the Territory.

: In view of the expected low intensity of earth tremors
and. the relstively small size of the dam to be constructed, 1t
should not be necessary to carry out detsiled seismic investi-
getions of the foundation focks. However, the dam should be
built in a solid homogeneous rock formation to wminimise shook,

- and should be placed at as great a distence as possible from

the Cotter fault, to avoid building in shattered rock.

(v) Logding due ater Storage. ‘ E

. If ¢ dam is constructed at any of the possible sites,
a8 body of water will be impounded in the velley for some miles
upstream from the dam. The rocks undicrlying the storaege ares
will thereby be subjected to a loading whose magnitude, at any
one place, will depend on the depth of impounded water. The
moximum loading would normally occur on the immediate upstireem
side of the dam. As 2 result of this losding, stresses will be
set up in the underlying rocks which mey cause the stratas to

‘bend on an exceedingly small scales :
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: Bvidence obtained in the Burrinjuck storage crea indi-
cates that bending or some very small deflection of strata pro-
bably does take place under weter loading. At Burrinjuck,” three
pendulums were installed in tunnels in three positions neer the
edge of the impounded water cnd continuous records tsken of their
movements over st least. eight months. 411 three pendulums showed
some movements which aprnsared dependent on the rise end fall of
water in the sbrage area (Cotton, 1915). Furthermore, the depths
of water at the time of the observations were not grest and ranged
from 22 to 80 feet above the old stream bed.

Further evidence on the effect of water loading 1is pro-
vided by selsmologloal records teken, over a period of yesrs, at
the Boulder Dam in the United States of America, These records
show o large number of very emall shocks which were slmost
certainly cauasd by small adjustments in the strata due to water
loadinge .

‘ If there were no adverse geological structures in that
portion of the Upper Cotter valley under discussion the effect
of lording by impounded water could be dismissed as insignificant,
but the presence of the Cotter fault and the fact thet the wight
of impounded weter will fell on the downthrown block adjecent
to the feult mokes the question worth oconsidering. It is con-
ceivable thet if the feult blocks involved were not in equilidbrium,
but under considersble stress, B very small additional stress '
might constitute e "trigger™ action ond cause slight ad justments
elong the fault. The resulting eesrth tremors might be too small
to damage structures, but any movement along the fault might
cause serlous leakage from the storage arca. '

~ The pressure on the underlying rocks exerted by the
impounded water et eny one nloce cen be calculated, but there

is no way 4n which the effect of this pressure can be gccurately
assessed, However, in view of the lack of direct evidence of
instability in recent years, and the comparatively small area

over which water will be impounded, it is unlikely that the stresses
set up could be sufficient to cause movement slong the Cotter

fault,. ' ' -

(¢) Leakege of Water from the Storage Area,

In genersl, water may escape from a storege area by
chanonels provided by faults or joints, by sink holes snd solution
cavities developed in roocks such es limestons, and by absorption
into dry, proous strata in sreas where the water table is well
below the level of the ilmpounded water,

» If the proposed dam is constructed st a plesce between
the mouths of Bushranges snd Collins Creeks on the Upper Cotter
River, the storage ares involved will not include any significant
thickness of strata in which solution chennels could develop.

Significant loss of water is likely by absorption lato

.streta outoropping on the valley sides. The present water table
would n rmally be at stream level, or lie slightly below it, aend
slope upwsrds from this level at &n ‘ongle comewhal lower then

that of thse valley sides, A small loss of water from the storage
aree would result if the level of water in the storage rose at

s greater rate than that of the water table. Water would then
pass into the sdjscent rocks, particulsrly into the phyllite, ‘
until the level of the water table wss reised to thet of the water
impounded. However, loss of water from the storage, in normel
seassons, should be temporary and relatively small.

The possibility of weter escepling by jolnts and faults .
is more sericus. Poth the guartzite end the grenite ere jointed
and water uwould tend to penetrete joint plenes and particularly
those in the guartzite. These joint planes egre not bontinuous
open crscks, however, and loss by this means, should be negligible
except, perheps, at the dem site itself.,




. - On the other hand the Cotter fault might provide
channels along which significant leskage could teke place, .
Regardless of where ithe dem is placed in this section of the |
river, some water will be impounded over portions of the Cotter
Pault, ond leakage might teke plece into the fault zone, or thto
. the zone of shattering which in places sccompanies it. This ‘
could eventually incresse the rate of circulation of meteoric
. water already ococupying interstitial spaces elong the fsult
z2one, and leed to the development of springs slong the fault
zong, outside the storage area, However, there sre probably no
cavities or wide cracks slong the outcrop of the zone, and,
therefore, wetor entering it would have to.force its weay through
very small openirngas egainst the pressure of the meteoric water
which those openings already conteined. Under these conditions,
the force of friction would gre: tly reduce the initisl pressure
of the lmpounded waeter, and thus restrict its rate of entry
into the zone. ‘

I The smount of wator which could pass into the fault
2one and escape from the storaege would depend on the ecsé with
which it could eonter and circulate along the fsult zone and on
thglh{drostatio head operative betueen the points of intake and
outlet.’ RO ¥ . ' ‘ . :

- - Fleld evidence provides two significant facts Learing
on the ciroulation of weter along the fsult. Io the first pluce,
- no springs have been found along the outorop of the frult or in
its vicinity: 4Hdmittedly, the inapection was mede efter several
comparatively dry seasons and no springs were found elsewhere
in the vallcy, apert from one at Bendora, close to the Cotter
Goodrsdigbee. divide, (see Plate 1). However, the sbsence of
springs from the fault zone means there is no direct evidence
at present to suggest free and reguler migration of water along
the feult. ‘ ,

‘ In the second pluce, the tightness of the fault zone
varies along the strike of the faults The fault zZone has been
eroded more casily in some pleces than in others and the relief
of the fault should therefore, reflect the degree of compaction
of the fault zone itself. The best exemple of this occurs down=-
gtream from Gite D, where the river follows the fault zone for
helf s mile and then swings shaply to the eost into the quart-
zites above site C. .The fault zone is exposed on the bend of-
the river, ond 1s approximately 120 fect wide. It consists of
fragments and blocks of quartzite and phyllite in compected

cley and soil. Penetration of the quartzites by the river was
no doubt oncourages by Jolnts and shattering, but the fault zone
must novertheless have provided greater redistence Lo erosion

at this point than it had done farther upstream. &4 similar
example of differentliael erosion of the foult zone occurs et site

Ao

. Thus, the feult zone is ti:htly compoocted, at leamst
near the surface, in those sectinns where the fault leaves the
“atream bed and outcrops across spurs, but is less well compacted
slong those sections of the fault whioh outcrop in or adjecent |
to the streem bed and at & elvel eomparable with that of the réver,
Jerious leskage into the fault zone is thercfore most 1likey to
dcour in those sections wherc the fault outcrops along the river- ‘
gbove site A, in the vicinity of the Top Flats, end agaln sbove site
C. The chances of leakage aprear greatest in the lest ssction, ‘
ebove site G, and part or all of this would underlie the water
impounded by a re aining wall at sites B, C or D. If water were
impounded by a wall at sites B or C, leokage along the feult
-might bz prevented by the relatively tight feult zZone immedlately
north of the critical sections, but, if leskege did odcur, the
most 1iley place slong the fault for escaping water to emerge -
would be slong the fault in the vielnity of the sharp bend in ‘
the river - mile below site B. Weter would escape from the : a

"storage although it would eventuslly be collected in the existing |
. Cotter dame . L : ;
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. The difference in elevation between the point at which
water would enter the feult and the point at which it would
emsrge below site B 1s aporoximately 100 feete If 100 feet of
water were now impounded over the oritical section above site C,
it would be eguivelent to doubling the hydroulic head between
the points of potential intake and outlet. This increase in
bydreulic head might eventuslly ceuse some leakage from the stor=
age, but 1€ vatcr is not et presont escaeping down the fault, 1t
is unlikely ¢t at significent losses would occur.

‘Therefore, in view of the lack of evidence of recent
disturbances, the ebsence of springs and the spparent tightnesas
of at lemst some portions of the fault zone, it is considered
that the circulation of meteoric water is sufficiently restricted
and the fault zone itself sufficiently compact to prevent the
deveopment of serious leeksge, at least under the pressures
‘likely to be involved, ' Hiwever, some small leekage may develop
in time and the depth of water to be impounded over critical
portions of the fault should b: regerded as an important fector
in the seleotion of a site for the dam. _

(d) éﬂ__g.xa

Consideration of the regional problems indicates two
important factors in the selection of a dam site ia the Cotter
River between Bushrangers snd Collins Creeks. PFirstly, the site
should be as far removed as possible from the Cotter Fault, and,
secondly, the minimum depth of water should be impounded over
critical sections of the fault zone.

The most suitable site, from alregional Qiewpoint. is,
therefore, site B.

2 The Bite Se

The possible dam Sitae, lettered A to D on plata 1, were
selected by surveyors of the Lands Department of New South i/sles
in 1908, end no additiond sites worthy of mention were found
during the recent suprvey.

' For convenlenoe, the sites will be discussed 1in the
'order D, A, Cy, B, which 18 the reverse order of sultability.

(e) Site D (See Plate 1).

Site D is the most southerly of the dem sites and is
consldered the least suitable for the following reasons =

(1) The site is farthest upstresm end would have the smallest
’ catohment, .

(11) The site would §robab1y provide the smallest storage.

. (11) The reteining wall would straddle the Cotter faoult
with consequent risk of (a) damage. if eny movement
occurs end (b) leekaege, unless the zones of weakness
were adguetely sealed.,

(iv). The retaining wall would 1ie in pertly Bhatterad rock,
the strength of which ia not known.

(v) Phe western buttress would lie to phyllite. which is
inferior to guartzite or grsasnite as a foundation rock.

(vi) The greatest depth of water would be impounded over &
eritioal section of the fault zZone above aite D with
additional risk of water leskage.

6&1) It ic the lesst accessible.

'Furthermora the site hes no sdvantages which othcr sites do not
possess, ¥Xor these reamsons the construction of e dem at site A

would be inadvigable.




13 -
(b) site A (See Plate 1).

: Site A 1s the most northerly site and would provide
the meximum storage on account of the comparatively wide valley
extending upstream from the site. It is nearest the pressent
Cotter Dsm and would therefore entail the minimum expenditure
on roed and pipe 1ine up the Cotter Valley. :

The disadvantages of the site ars es follows -

(1) The retaining well would parallel, and lie within 250
feot of the fault zone on the downthrow side, and,
therefore, would be subject to damage if movement
occurred. Furthermore, the meximum dspth of water
would be impounded over a critical section of the fault
gons lying immedistely upstream from the site and this
would lavolve risk of leakage.

(11) The rocks at the dam site consist of gquartzite end
granite. These would provide suitable foundations
from the point of view of strength, but they are strongly
Jointed, The joining has probably been accentusted
by movement in the rocks sdjecent to the fauvlt and
some grouting might be necessary to prevent leaksge
through the foundations.

(11i) The elevation of site A is insufficient to ellow water
to gravitate to all reseprvoirs at Caanberre.

gite A is therefore not considered suitable for th
construction of the dQam,

. (o) 8ite C (3es »late

8ite C 1lies in quertzite end provides the mpst restriot-
ed gorge between Bushrengers and Collins Creeke. The elevation is
2, 425 feat sbove sea level and is sifficient to gravitate water
to Canberra. The guartzites provide suitable foundation rocks
and supplies of aggregate. :

The site is subject to the following disadvanteges =
(1) site C provides the smellest woter storage but one.

(1) A critical ssction of the fault zone lies : mile upatream
from the site and a considerable depth of water
would be impounded over this section with consequent
" risk of leskage.

(111) The site is olose to the feult, and, therefore, subject
to dsmage should any movement take place. If the re-
taining wall were constructed to e height of 200 feet
the wvestern buttreas would probably lie within 500
feet of the fault zone,

(1v) The quartzits contsins strongly developed joint planes
which dip at angles rengiog from 25 degrees to vertiocal.
Movement during faulting has probasble caused siight
adjustments to take place slong some of the joint plansa
and this has resulted in an increased tendency for -
the rock to break into blocks and fragments, The course
of the river at site C snd immedlately asbove wes
determined by the strike of the two principasl Joint
systems found in the quertzites: The strike of the
first ranges from 36 degrees to 15 degrees and the
strike of the second ranges from 240 degrees to
300 degrees, The fact that the river has carved »
its valley through these quartzites rather than slong
the foult zone 1s & clear indication that because of
the joint planes the quertzite is vulnerable to water
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action and the foundstion of a dam to be constpucted
et site C would therefore, require very cereful exem-

ination end probably some grouting to prevent leakage
elong the joints,

~ (V) Acocess to site C would be comparatively difficult,
particularly above Cow Flat Creek.

It is concluded that a dam could be constructed at
site C, but the site offers several dissdvantages which can be
evoided or reduced by selecting a site farther downstream and
et e greater distance from the fault, '

(a) site B (See Plates 1 aend 2),

(1) Summary, This is considered the most suitable site
for a dem between Bushranges asnd Collins Creeks,

A reteining wall at site B would impound weter
in the valley of Cow Flat Creek as well as in the
Cotter Valley, and would provide a larger weter storage
than sites C or Do The foundetion rocks consist of
messive grenite in which weathering and jointing ahould
present no difficulties and the site is situated at
the greatest distance from the fault. The gorge at
site B 18 not as restricted as that of site C, but
gs zuitable for a reteining wall at least 180 fest
igh, ‘ . , .

The elevation of the site is sufficient to allow
gravitation to Cenberra although the hydraulic head
would be 45 feet lower than that at site C, Supnlies
of aggregstc are readily available and acecess to the
site is comparatively easy.

The principal disedventage of the site is that
water will be impounded over the critical section of
the fault zone above site C, but the depth of water
would be considersbly lower than that impounded over
the same section by a wall at site C, and the risk
of leaksge 18 less than et any other site, The usecond
disadvantage may lie in the elevation of the site
which 1s lower than sites C and D. The detailed geology
of the site will be discussed 1in the succeeding sections.

(14) Poundetiong, SITE B ia in the Cow Flat granite and

the rock types are cosrse-grained biotite grenite end
a8 porphyritic phase of the same rocke The approximate
distribution of these types is shown on Plete 2. The
eastern well of site B consists malnly of tue coarser
.greined granite. The same rock outcrops over the lower
LO feet of the western wall but unhill it graedes into
porphyritic granite, which outcrops over the remaeinder
of the western slde.

The coarser greained granite 1is composed of quartis,

felapars and biotite in the approximate proportions
of 35, 60 and 5 respectively. The quart. crystals
show some fracturing and shadow extinction, but strain
was not excesscive and there is no evidence of crushing
or banding in the rock. Approximately 60 per ceant. of
the felspers show soms slteration to kaolin and

R saussurite, snd much of the biotite is altered by
weathering to chlorite. ‘

The porphyritic granite is composed of quartz,
felspars and biotite in the approximate proportions
of 45, 55 and 10 respectively. Phenocrysts of quartsz,
felspar and blotite are set 1in a finely crysteslline
ground mess of quartz end felspar. Phenocrysts show
some evidence of strein but no orushing and baending
has been inducsed in the rock. The alteration of biotite




to chlorite is well advanced but is not as complete

68 that observed in the coerser granite. The felspsrs
show some alteration toksolin and saussurite, but the
slteration is noticeably less than that observed in
felspar in the coarser granite and only affects 30

to 4O per cent. of the corystals,

In hand specimen the coarser granite is 2 hard
even-greined rock when fresh but near the surface it
weathers comparatively easily to e frisble rock, then
to soft ecarthy material and finally to a sandy soil.
The degroee of westhering varies from place to place
and mey depend on varistions in the grain size or in
the felspar content of the granite. The porphyritio
grenite sppears to be tougher than the coarser variety
end is considerably more resistant to weathering. Both
rock types show an uneven and fairly rough fracture
whioh should bond well in ooncrete.

Both the granite and the pyrophyritic grenite are
suitable foundation rocka. The degree of alteration
of minerals in the fresh rock should have very little
effeot on its strengths The proportion of
platy minerals such es biotite 1s too small to effect
shearing strength and there 1is mo noticeable crushing
orr banding in the roek,

(111) ﬂeathergng1 In both granitic types westhsring consists
Ge

inly of the alteration of felspars and biotite. This
alteration is mmarily due to surface agencies and
not to chemical processes originating within the body
o the granite or dependent on igneous emenstions,
Complete weethering of the rocks will, therefore, be
restricted to e shallow zone near the surface beneath
which comperatively unaltered granite will be found,
The lower limit of the zone of weathering in any one
plsce is esteblished by the water table so that, in
general, depth of weathering will increase with eleva-
tion above the stre. m bed.

The distribution and relstive intensity of weathering
at site B is shown in Plete 2, Three types of surface
disintegration were recognised -

(s) Outcrops of grenite which have been weathered into
tors and rounded blocks by spelling and disintegration
along Joint planes.

(v) Thin mantles of granite scree consisting mainly
"of numerous smsll fragments and boulders of granite.

(o) Deeply weathered granite and granite soil with
relatively few fragments of solid rock, -

Plate 2 shows that the zone of weathering on the
western side of the site consists mainly of granite
scree and muat be very shellow. On the castera side,
massive granite outcrops over the lower portion, but
8 pstch of deeply weathered granite ccours between two
ridges of granite tors towards the top of ths ridge.
This is the only place at site B where the depth of
the weathered zone cannot be determined, within oclose
limits, without recourse to drilling., Two pits approxi-
mately 8 feet deep have been sunk in this weathered
moterial, but they 414 not recoh unaltered rock. The
outcrops of massive granite lower down on the eastern
side, 2nd the outerops of granite tors north and south
of the weathored material indicate that the depth is
not likely to be more then sbout 15 feet, TRlsewhere
on the site, the depth of weathering products will be
less than 6 feet in most places,




(1v) Jointing. No isults were found ab site B, but the grani
and porphyrxtic géaasto are Jointed. The joints are not
elosely spaced and, Judging by the surface outcrops,
should pot give »siusc ©ou leakage problems.

The striks vaus dip of major and minor joint’
planegc arc shoun on Qlate 2. There are two manjor joint
systems. The strike of the first systen rgqogos from 315.
to 340 duegrecs and the joint planes dip tu the east at
anglas wiich usually rango from 70 to 85 degroes. A4 dip
of 25degroes to the east was observed on one of thease
joints on the western bank of the river, but elsewhere no
dips lower than 70 degress were recorded. The strike’ of
the second major aystem ranges from 256 to 280 degrews and
dips are to the south at stcep angles rangiag from 50 to
80 degreess One jolint plane, spperently belonglng to this
gyatem, wae oebgarvod digpin; couth ut 1V degrces on the

western bank of tho flver, but slullos 1ou cugle dips were
not gpparent at othoy plecus. Linor Jolat jlenes notcd
on ths wegtern pon of e river whopod gu.iled ranglag
from 145 to 200 de, A with bhoth enctcsly ol wostonly
dips which raangced £rom 55 19 vertical,

o

RNone of thesce Jjoluts should caute cogineeriag
difficulties with the oxception of the two low auale
Joint planes noted above. Joint planos which dip at an
angle lower than that of the wvalley s8ida are undcsiprable
since they may csmuse rock slips during exeavation and coul
affect the stability of the foundation. The distribution
of low-anglsd Joints will need investigation, but they
are not widely devoloped In the outerops at the site,

B. _SOURCES OF AGGREGATS,

1. Qeneral.

The cscential properties required in a rock to be
used as aggregate in concreote tiny bo summarised as follows -

(a) Tho rock should be nescivo and have & high compressive
strength. Tho presecnce of soft alberation products is,
therefore, undesirable,

(b) The rock should not contain struoturen such as schistosity
or lamination, or a high proportion of platy minerals such

as mica, as these would reduce the shearing strength of the
material (Haff, 1942).

(¢) The rock should contain a littlc or oo oulphide minerals,
such as pyrite.

() The rock should contein o wintmun of miuacssl: likely to
cuter into expansive iraaction vith the ceuont wacd in the
councrete, Hineraluy and roeils most lilzely 4o cater Lubo ox-
pansive reasetiong it conczete comprise opaline ailice, rock
glass, oryptocryatalline ground mass material, gypovm, oliving
aud itc alteration prod ucts, altered felspar, microclinc- |
perthite folspar and zeolite minerals (Aldeﬂman, 1943) . !

(e) The rock should break with an uneven fracturo and presenti
few smooth crystal faces on the fracture surface. {

The country rocks in the wvigcinity of the dam ait
consist of phyllite, cuartzite and granitic rocks. The phyllite nmay
be elimingted as a source of gapregate on physical propertics alono.
The rock usually shows stroa_ schistosity and breaks into copoth-
gided, tabular fragmsnic. The gquartzite and the porphyritic greni
should both provide gond u iregute. Some of the coarse-grained :
granite should also mate (ood ayiregate, but weathering is usually
more pronounced in the coorscr pueanite gnd careful sdection would
be necessary. stream gravel should also provide sultable aggregaté
but the proporticns ol phyllitc yad granite boulders would need
to be determined,



Sources of Agprogetc nt Wit B.

The gources uf yggrezabc hear sut ¢ B lunclude

gquartzite, granitic pocke ard streas gravels, o phyllitea outerop
cab th e gite op in Lto vieinlty.

{(a) Quartzite. The nearest outcrop of quartzite oceurs at the
caotern aedge of tho granite, aboubt & mile cast of site D, amd
about 200 feet eaat of the alluvial teprraces gt the mouth of
Cow Flat Creelt. Access 10 tho quartzite could be obtained up
Cow Plat Creek or up a emall stream ghout 500 feet to the nopth.
The rock could be quarried from the stasp hill sides 2.4, in
preoximity to ths granite, would consist of highly ovsl:ic.vicd
quartzite, No specimons werg ernwmined fsom this Loculity, b out
boulders and fragments of cuartzatuva an the labu 3¢ vhe imuicde
iate west indicate that thc roci uhodd conuizt of clLout 790

per cent, silica and 3V peor cents metamorphic mincools, The
metemorphic minorals may c¢oaslet gntiroly of chlovive or nay
include varying proporitions of highey grade netailor.nie wilnorals
asuch as epidote. The higher grade metemorphic mincralo, yith
the exception of biotitc, should bs scceptablc, Lul chlorite

is a platy niners) with a cloavage similar to that of mica awd
is undesirable for both phyeical and chemicenl reasons. However,
the effect of 20 to 30 por cent. 0f chlorite in the guartzite
should be negliglible s.nce the chlorite in disseminated in g
mosalic of gquarts which constitutes 70 per conte Of ths whole
rocks Legative crysialc of pyrlite wers found in quartzite

near site. C, bul tihe wiinerall 1o comparastively rarve. Yha
preseuces of pyrite at Site U has given rise $0 ferruginous soil
cover and therefore, nny wuantzites which are coverced by red
801l should be examin.d iop pyritoy hofore bolng used as
aggregatas

A0 altornative soursse of quartzite lies agbout
1% miles noprth of slto 3 vheye guartsiteas fomm a ¢liff along
the eastern margin of ths %op IFlatss The roeck could be
easily guarried and considerablc quantitics of screo arc also
avalilable along tho base of tho c¢liff., 350 £ap as is known,
the rock would bo omsssatially simdlar to thet avallable at Cow
Flat Croek, ' .

With rogard to physical strength and mineral
agaenmblago, the cuartzites would provideo tho bed roek for

agerogatos

(b) Grgnite. Granite and porphyritic granite are the most
readily accessibls gources of gorugatc at sibe B, rorphyritie
granite outcropa over rivnt Of the vostern vlde ol Ghe aite,
Coarse granite outcrops in tho river bed end in plocco on

both sides of tho gorge, :

' The porphyritic granite is the ess yuiteblo rock
for aggregote, it 1n o tough rock and showid cpuul Lato rough
angular fragaents, PFeldpar oand blotite ave presoni, but
neither miacral lu likely $0 cauwse trouble. fFolapar ciiounts
to approximately 50 to 60 per cent. of thce rock, but over 80
.per cent, of the felspar is ortiuciase which does not weather
ao reudily as thu plegioclasc variety. About 25 por cent., of
the felspars show ocme eigns of glteration, majnly to weolin
but this doest not xnply that 25 por cent. 0f $he mwaerdgl is
oxtenaively weathercd and therefore cuaparatively wveak. 1t
is difficult to detcimine the actual proportion of felspar
which has been completul,; weathered, but it is certainly less
than 25 and probably loow than 10 per conte. Thus a maximum
of 5 to 10 por ccat, ¢f the wholc rock might consist of soft
kaolinised felspar. 2hu cpocimens exsnined ware taken from

aurface outeropy and the degrse of weathering should decrease
with depths The bictite wwriginglly present in the rock has
been almost completoly alicrcd to chlorite but, since the
blotite probably constitutee lecs than 5 per cent. of the
rock, the effect of this altcyration should be noglifible,
The ground mass constitutes chout 20 per cont, of the rocks
and is finely crystallipe. It consists of auartz and folspar
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and containe no trace of rock glasss The spscimens cxanincd
contain no trace of gulphide minerals such as pyrite or ooy
. other features liuely to be undesirable in an aggre(ute.

The coarcor greined granite is usually more
weathered, than the posphyritic variety. Felspars coastitute
about 60 per cent. of the rock, but about 80 per cent. of the
felspar is orthoclase. . Approximately 60 per cent. of the
fslspara show traces of wathering and although the actual o
proportions of soft kgoliniscuy felspar cannot be determined,
it would not exceed 15 %0 O nor cent. of the rock in the
specimens examined, Blotitc constitutes cbout 5 ner cont. of
the pock, but has been almost cntirely altered tochlorite.
Nowever, portions of the coarger gralned granite have been moue
extensivoly weathered than the specimens from which thin sect-
ions were cut and, therefore; if any coarse granite is to be
used as aggregate, it will be advisgble to select the least
weathered patches,

(e¢) Stiesm Gravels., Large supplies of stresm gravels could
be obtained from the Top Flats, which extend to within ; nile
below site B, and from the fluts nad terrccen adt tho nouth

of Cow Plat Creek, im.iedlatcly asouth of the uite. wagll
quantities could also be oubtalaned from the nocceald siver
channel,

, Gravele £oon the flats at the wouth ¢f Cow Flat
Creaek would probably be the hest gravels for asgregnbo, ¢l though
.the quantity avallablc hero would be eomparetivel. o.:2ll oud
of the order of 90,000 cubic yarde®, These gravels cono.st
of quartsite and granitic types and contain wery little phyllite
Much of the guartzite toward ths western side of tho flats
has suffered little water sction and has the angularity of
scree. DBoth granite and porphyritic granite ars reprcsoanted
in the gravels but both typss should be suitable for aggregate,
since fragments of weathored granite would normally dis.ategrate
during river transpo.t, aud not appear in grevels.

The goavelo ia the Top Flets consist of quartsite
and granitic types, with come phyllite shed from the western
side of the riveir. ©Thc .puportions in which these rock tyges
occur has not been detenuiacd, but the amount of phyllite
present is probably oincll, Eudh of the quartzito will have
the angularity 6f screc nnd the granitic types chould bo
similar to thosc found at Cow Flat Creek. Thoe quantity of
gravel availablo in,ghe Top ilato will be of the order of
200,000 cubic yards.

C. SOURCES OP SAKD.

Thera are very fov beachos along the Upper Couttej
River, and no resdily available supplics of natural sand have becn
founds Natural sand could be obtained by screening and washing
‘piwer gravels from the flats gnd torreces. The proportion of clearn
sand available 1in the flats hos not been deteimincd., ‘fuc nglity
should be satisfactory, althoush smuplcs choulu bo onat:dacd to
determine the proportion of fcloyey ocsoend.

Artificicl cune could be mads Ly £olowiag om
screening quartzite, but no other local rock cliwuld LC u.cu Jos
this purpose,

If sgnd is mado from quartzito, cavc ohould be
tcken to remove the fine fractiona and the rock flour., The
chlorite present should pass out in the fines but tho final sand
should be examined for chlorite content, Quartzite for nmakiag sand
could be obtalned from quavries or hy sorting the river gravols,

# DBased on assumption thet gravel constitutes LO per ccnl, of
alluvizal meterial by voluwic.
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D, LOCATION OF ROADS AWND DILLLTS.

A road Tolloving the Cotter Valley should be
constructed in the granite, whercver possible. Much of the granite
is weathered ncar the surfacs, cain roadily be e xcavated, and provid
a source of fine quartz gravel. ‘

After a road had reached site A, the best locatio
would lie along the belt of granite, immediately east of the site,
to the northern end of the Top Flats: From here to sits B, the
road could be constructed along the Top Flats and then ascross the
granite slopes north of site B.

Suiteble locations for billets could by found

along the Top Flats or on the granito slopes botvoen the upper
limit of the Flats and sitel. .

 ¥I. RECONILRDATIONS.

The following recommendations are submittod -

(1) Site B is recommended as the most suitableé site for a
gam gg the Upper Cotter River between Bushrangers and Collians
reeks, ‘

(2) If 1% is decided to construct a dam at site B, the
possibility of legkage along the Cotter fault should be
further investigatod. The fault zone should be exauined by
trenching across it in voveral places, and by sinking at

least ono shaft, at uvitcs to be selected along tho fault wone,

(3) A4 shaft or bore in the fault zone north-west of site B,
in which the level of thc weter table canr be determined,
should be maintaeined *hroughout the construction of the dam
and for aome years alboruvards, to provide a record of move-
ments in the watepr tatle and a check vn leskage from the
atorage area. Complete rainfall rccords should also be taken
and correlated with movoments in the water taeble.

(4) If site B is selected, this Branch should bc consulted
in the selesction of sitos for exploratory bores and shafts
in the foundation rocks.

(5) When excavating work is commenced ot site B, this Bracch
. should examine the excavatious frou tire to tine to check on
the petrology of ths rocks and t0 mwap etruocitiuped. 4 vepy
delailed examination of viue cuilpletod cxeavubiouu should glso
be made, ‘ .

(6) With regard to sourcces of aggregate, 1t is rocotmended

that this Branch mekc a detollod exeminatiocn of gll proposced
quarry sites. 1If steeam gravels are to be nssd, an cxXaomine

ation of the flats and terraces should be mude to detepnine

the proportions in which the various prock types are presont,
and -the proportion of undesirable material.

(7) A geological swrvey should boc made of any arsas through
which it is proposed to coastruct roads, ccnols or pipe lines,

(8) 1f a site other than B is preferred, a detailed gcological
examination of the vitc should be medse. ‘
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SLIDE NOe. 1.

.Locality

Appearance :

Texture :

DESCRIPTION OF ROCK SLIDES.

APPENDIX 1.

¥ mile ceat of Bendora, Cotter River,

Dask holociystalline rock, containing quartz,
whita clsuars and dark ferromagnesian mincpds
with gacisaic banding, '

Holoerystalling - granitic,

.Minera; Content :Quartz, folsparc (mostly orthoclase) and

Kome:
SLIDBES NO.

2

Locality s

Appearance

plates of biotite.

Quartz forms 60 per ceunts of the reck. The
eryatels show shadow extinction and are also
eracked, indicating strain.

Felspars form gbout 30 per cent. of the rock.
About 10 per coent: of the ciyatals show traces
of weatharing; mainly to kaoolig, althoughn in
places Sauosuritc is alsu provcut. The pro-
ortion of ortheclase to plag.-wclaose is gobout
to 1. Thoe plopgroclase appears to he oligo-
clace.

- Biotite crystals are fresmh, but arc twistod
and distorted due %o strains The niacragl
forms about 10 per cent. .

Aﬂgtite is present by a feow small graing.

Biotite granite.

vent of the Alr Gap, Cotter River. '
A brova phyllitic rock, showing flow cloorage.

Mineral Content :Quartz is confined to smgll lenses or “"augens®

Neme

-
.

throaghout the rogk. Ssricite.is abundant,
and amollor guantities of chlorite, magnetite,
and poscibly Dbiotite are presents The rock
ia stolncd sriti limonites

Quartz: The quartz in the "augans” has been
recrystallised, and generally shows shadow
extinction due to strain,

ggg%cige is the most ahundsnt mineral. The
indivi needles agre vory small gnd oriented
in the plane of the flow ¢cleavags.

Ghlorite is present in very small coystals
ia parts of the rocke.

netits Lo well rlepresonted ia cortain bgndd
in the roclzy 1t ia pertly weathercd to
limonite which otains parts of the woek a doep
brown.

" Weathered Diotite moy be present, for in

places, the btrown material shows faint plea-
chroism,

Sericite phyliite.
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SLIDE L
Locality i Bouldor f£rom Cow Plat, Cottor River.
Appearance @ Brown, fine-grained metemorphi¢ rock, slightly

wsathered,

Mineral Gontegt tRecrystallised quartz and mﬂtamorpnlc minerals,
which show no Girectional structuresn

guggta hagd beon recrystallised into o mosaic
in vitch the shape of some of the original
graing can be dlscerned. Quartz constitutea
about 70U per cetit.of the rock.

Uetamorohic Ninerals constitute about 30 per

cent., of tho rock and ocour in smell crystals
and aggregates. Hinorale not definitely
identificd, but eliwst 60 per cont. of the
‘metamorphic matorial L9 probably a mineral of .
the epidote group, acd the remaining 40 psr
cont.: consists largely of an altered mingral
which may be alicred biotite.

Name: : Quartzite.

SLIDE No, §. -
Locality.: © Bowlder frowm Cow ¥lab, vottos Livars
Appeargnee i Dark fino~graiucd wetanosphids rock,

Mineral Content : Tho rock I5 composcd chicfly of preexctollised
quarts, with smalier quanti%ias of chlorite,
and o fov flakes of portly weathercd bviotite(?).

Quartz forms 70 per cents of the rock, and has
been recrystallzsed into a mesaic.

Metgmorphic Miner 1 . Cblorita igs the promincnt
motamorphic minoral and coustitutcs about 30
per cente. of the rocks A fow small weathered
eryatels of biotite may slso be prosent, Rock
gshowe no evidencc of directional structuros,

Name: ‘ QYuartsits,

SLIDE Nos 6.

Locality @ western bank of Cotter River at Damd site C.
Appesarange i Dark fine-grained metamorphic rock,

Fineral Counbtent :A mosaic of rcorysiallised quartz grains,
ggnga;nxng intorstifial chicrite and probably
otite.

Quartz. Original quartz grains have bean
recrystalllsed into a mosalc which constitutes
about 80 per cent. of the rock.

Hetamorphic Liinerals. Chlorite coustitutes
approximatcely two thirds of the woetpuorphic
minerale. Other wmincrals greoont have uot
beon delfinitly identifiod, but auc’udc mlcq
and probooly sone cordierito,.

Neme: . gusrtzitc,
SLIDE Noe 7.
Locality s Upper portion of western wall, Dam Site B,

- Upper Cotter,
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= Appearance 3 Light coloured porphyritic rock with phenocsysta
) of quartz and feolspar, in a folsitic groundmass.

Texture Holocrystalline - popphypritic.

Minergl Content :Phenociystu of cuartzs and felopar naw Hrobably
blotite iu groundmass of Quarts and Lolopuar.
Phenocrysta conabituto approxinately 50 pew
¢cube vl Lhe rOCKk.

guartz occurs in hypidiomorphic crystsle -
some with slight corrosiovn at the edges. lany
had been creaecked by straine Quartz ecystals
constituto approximately L5 per ceut, of the
phenocrysus,

Eelspots  Both -orthoclase and plagioclasc
prescuv i proportions of approximately 5 to 1,
Bolh choy sone dogree of weathering to kaolin and
gausgurive ~ the latter largely counf'ined to
plogiocloce folspars Approximately 24 per cent.
of all folepar phenoerysts show evidence of weu-
thoring (29 per ccvibe 0f orthoclase crystals and
40 per ceut., of glagloclasc crystala)e

Weathered biotite may bo preseat in two places
but alteration is almost couplete,

@Groundmasse. Consist of finely crystalline
quarts and felspar and coustitutes about 20
per cent, of the rock. Quartz and felspar
occur in approximately equal proporticns.
No rock glass occurs in the groundnas..

Rawe 3 Porphyritic graunite.
SLIDE Noe 8. "

Locglity ¢ Loweyr 40 feet ofw=ostern wall, Dew Sitc D,
Cotter River,

aargnce Light coloured rock composed of quaris, folopar
and altered ferro-nagnesian minerals,

Texture 3 Holocrystalline - granitic.
Mineral Content :Quarts, partially weathered felspar and chlorite.

guartzs coastitutes about 35 por cent, of tae
rock. lost of the ¢rystals show fractuves
and oouw shadow extinotion due to straine.

“Eglopgi coustituse about 60U peyr cent. of the
rock. Urthoclase and plagioslase occur in
the proporviocus of 4 to 1, and about GO per cent,
of all feloparc show evidence of alteration -~
mainly o Zaolin. .

Chlorite, dorived from biotite, constitutes
about b éer conte Of the rack.v

Neme Biotite granite.
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| SLIDE Nos 9.
| Localiti H ' Hastorn wall, Dam Site By Cotter River.
ggpggggggg : Light colouved igucous reck with phenocrysts
| of quartz and Lelspare
"Texture 3 Holocryatalline and porphyriticq

g;ggggl_ggggggﬁ,.Ehenocryaza of guart, felspar anﬁ bilotite
in a fine groundmass,
Phenocryats consbiltute about 70 per cent, of
tho rock. . ,
%uggtz in hypidioworgphic coystals founs about
0 per cent. of the phenoerysto, The lapgor

erystals show grocks frou etrain ool gomo
erystnls siow corposion at the wmaprgions,

Zelepor « mpinly orthoclass ~ form sboud 30
per ecents of the phenocrysts. Approxiuately
LO per cente Of all felspars show some degree
-of altieration to kaodlin,

Biotite foims about 10 per conts of the ph eno-
cryste an@ is extensively atered to chlorite.
Sore of the cryatals arec bent and stralaed.

Groundnnes conatitutes mbout 30 per cent, of the
rock wad is composed of guartz and folspar in

gy piruxiuaboly equal proporiions. &ome of the
folepars ohow evidence Of weathering to kaolin,
but albosotlion i8 not extensive.

Name ¢ Porpbhyritic granites
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