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THE GEOLOGY OF THE COT'rER RIVER VALLEY mn RELAUO,NSHIP ;1'0 THE PROrOSE12 £l!TENSIQNS TO THE DAM. 

" . 
• ......'~, ••• "" T.~"'· 

1.,' The rock on both sldes of the Cotter Rlver valley 
near the dam 1s felspar-quartz porphyry. Due to the steepness 
of slope there Is only shallow soil cover on the northern aide, 

, but the gentler southern slope is largely covered by s011 and 
soree which are from four to eight feet deep. A steeply d1pp1~ 
fault passes under the dam near its northern end, and the 

, , proposed .extensions will cross a ten foot- w1de crush zone at 
the southern end. .' 

2. No d1fr1culty 'in construction w~ll arise from the 
presence of the 1hult, as the extended wall will pass to the 
north of 1to However, it is suggested that a hole be drilled 
north through the fault from a poi nt near the foot of the 
apron, so that any additional flow due to increase of head may 
be detected; grouting would be necessary 11' suoh flow takes 
placew. ' 

The rock 1n the crush zone 1s deeplY' weathered, it will 
bave to be excavated down to fresh materlal~ and grouting will 
be neCess8I7 to prevent the permeation of \vater :through even 
the unweathered rock, which will be traversed by surfaces of 
movement lilte those seen at the surface. The necessity for 
remOVing the thick layer of soree ~nd sotl on the southern 
side of the valley will add to the' cost of' the worko 

So far no leakage appears to have taken place through 
30ints in the porphyry, and it may be aesmed that this 
oondition will continue when the wall is raised; in any case, 
any pOGsible leakage through joints will probably be amply 
provided against in dealing wi th the fault and the orush 'zonGa 

30 The proposed aggregate for the extensions is a 
felspar-quartz porphyry whose groundmass is nrach finer than 
that of the porphyry used in the existing wall. Arrangements 
are in band to have the new aggregate tested, because porphyries 
wi th fj.ne-gralned groundmasses may contain opaline or 

'chalcedonio silica which will react with high-alkali cement. 

, INTRODUCTI Q.!.{_ .. 

On 29th September, 1948, the'Viritel"fj assisted by 
K. Ro Fleishman, spent one day examining the rocks or the Ootter 
River Valley in the neighbou.rhood of the dam and mapping 
geological :features which ''Pulc1 have a bea.ring on the proposed 
extensions o Representati va rocks were collec'~ed :from the 
quarries en the right bank of the River below the damo The 
mapping was done by ohain, compass and Abney level" 
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DESCRIPTIVE GEOLOGY . -: . " . . - "''':''; 

~e rook on both sides of the valley- 1s massive 
telspar-quartz po:q;;hyryo .:~ 

From the engineering point of view the most important 
struotures are a fault on the northern side of the dam and 
a crush zone on the southern side. 

The £ault 1~ exposed over a le~th of shout 15 feet 
_. beginni~ from the top of the path on the left bank of the 

stream (see Plate 1'.. Ita strike hem is '10o~. and dip 8~SSE. 
A minor fault branches off at 8. poin·t about 8 feet from the 
south western end (as expo~ed) ot the main one; its dip is 
850NG Gouge in the main fault l-eaches a maximum thickness 
of 1 foot. The small gully trer~1ng lam tram near the top of 

. the path is due to the fault's extending in that direction; 
a slight change in strike to 800 was noted there.. The rock in 
the gully is fairly heavilY'weathered, Vhereas the outcrops on 
ai.ther side at it are solid and more or less fresh at the 
surfaceo 

Rather irregular jointing at a s-hort distance north of 
the dam ra111ng was :ncas~:t'cd an follows s· . 

. , 

. . . ' . 

At E1 point 70 feet down the path from the :t"s11lng" 
the .following jointing W&b recordeCi : 

strike 13°, Dip 86~ W 
" :-., .... '- .. . .. ' 

n 260, tt J:OQ..".:. LOC' ~'NW : 

.n 95° " 800 S " -:.~, . .. '137i&, n 45o.r.:E 
7'; _ 

'.~:": ' . , 
... 

The most important of these joint-directions appears 
to be that striking 26° and dipping 10°-200 Vr.ffiVo It shows up 
strongly on the cliff faoe about 30 ~bGt above·the point 'where 
the readings were taken, and 1n the first 40 feet downhill from 
the railing, water ,.S seeping- out of a flat-dipping join.t of' 
similar st:r'ilte; this jOint 1s actuully open OVer lengths of 

. several feet for w1dtha of up to half an :2:11aho . 

'. On the south side of the d&IH & crush zone about 10 feet 
wide 1s exposed (see Plat e 1) •. This zone strikes 700

9 dips 
700 SE and follows rather closely the base of' the apron down 
the side of' the gully. The rock ill & small quarry on the 
northern sida of the crush zone just above the level of the wall 
is solid and fresh, whereas that in the crush zone itself is 
rather friable. deeply weathered anCi stro,ngly iron-eta! ned, 
generally rauch more so than that near the' northern fault .. 
Actual movement in the c rt1.sh zone was pr'obably small; however 
the rocks there were moderately squeezed and are traversed by 
irregular, semi-parallel 8urf'aces of movement whose spatial 
concentration and individual intensity diminish outwards from 
the centre of the zone. A large amount Q·f acree ano 00:i.1 lies 
on the slope above the dam, ma1i:.ing it in:.possible to t.race the 
crush zone more than obout 40 feot (plan distance) uphill from 
the end of the wall; however, for constructional purposes, 
it 1s sara to assume that it will continue 1'01' at least another 
100 feet towards the south westo 

]i All b eari ngs g1. ven as truo\D 
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In the small quarry at the southern end of the dam the 
porphyry is only slightly weatheredo The depth of severe -
weathering plus accumulated scree as seen in profile above 
the Q,larry face and to the south and south west thereof" 18 
4 to 8 f'eet. 

". #, 

.. Following are joint read1ngs tak~n in the quarry :-
. : 

Strike 20°, 85° ESE D1p 
",. 300 , ~. 400 NW ." -, ry"." , - '.' ,420 80° 

.-, 
tt " BE , ' ~: ' . -, 0' 85° 

, 
tf 103 II " S , .. 
tt 1100 Po 50~ SSW , ~. .. 0' n 60°_750 SSW 112

0
, . - ',- .. .. 128 , •• '7'1 0 SW 

150 _25° 
' . 

" 1800 , " w. . .. 
~. 

.' ," . , . , 
. . A slickensided sUl':f'ace in the quar17 str1kes 16610 and 
, 'dips 40O;m; the striations run in t.he d1rection ot: str1ke. 

_ •• , .... r' 

~~GlNEERrNG GEOLOGY ......... _ F7' .............. _ 

Leakage through joint planes doell not appear to' be 
'taking plaoe now, and therefore the presence of' joints should 
not have a very important bearing on the problem of raiSing 
the dam. In any oase, any pos~ible leeke~e along joint planes 
should be more than adequately oSI'ed .for in the process of 
dealing wi th the dif1"'iouJ. ties presented by the fault and the 
crush zone~' . 

./. -... 

'.~ , Up to the ttmr~ of' the exrurdnat10n water did not seem 
to have been escaping through the f'aulto 'l!h1s is pl'tobably due 
partly to the fact that ·the. conorete 16 \iell bedded down on 
fI~e.sh roc:k~ and part.ly to the presence of .rather impervious 
clayey gouge in the f'aulto . 

HOiVevel~, ii' the clam is i·a.ised, it is not unlikely that 
the add! tional head 1ivould cause water to seep through the ,fault. 
It 1s mggested, therefore, that a horizontal or slightly upward­
ly d1NH~ted hole: be drilled due north through 'I.; he fault from 
a posl tion near the base 01' the apl'on (see Plate 1).. Flow 
from this hole 'woulCl sho,,·; seasonal v81'>ia'ti1:,n, of' oourse, and 
would not 9 unless an indicator is plac~d in the reservoir, 
show whether water 1s escaping f'1'01ll the sta,rage basin; however. 
if there is Eilly (additional) escape of water due to increased 
hydrostatic head after the ~Bll is'raised t this would easily 
be made apparent.. If' leakage is found 9 the rock in the 
vivin1 ty 01' ·the l' aul t cOilld then be groute-d. 

Phc £'&1.11 t 11_"ill nc t interf'e17 6 ~itb. the' new structural 
work, because the Vi all ,wlll be placea to ·t}1e north of 1 t, -r.bera 
the rock is fresh and solid. (See PlaJGes 1 and 2) 0 

B~ §outhern Orush ZoneS. 

It is cert&ln '{jb.~'~ the cost and d!ff1cul ty of' 
constl"Uction will b(~ increased by the presence of the crush zone 
Furthermore p the quantity of scree and the deeper weathering 
on the gentler slope on this side of the valley will add to the 
cost quite independently., . 

The \Yeathel~t::a x'oak :i.n the cIlush zone is so friable 
that s' deep excavation '~'j,ll httve to be made before anythil~ 
like fresh rock can be €xpected. It is suggested, then, tnat 
the crush, zone and netghbouring rocks be tasted by exoavating 
(i(}wn '~o I'oak whioh will be solia €i:lOUgl1 for bt:dding the 
foundations, part of ""'ib.l0 h will be wi·i.hin the crush zone enter 

~ 
i! ., 

I ~ 
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8 plan length of about 70 feet if the wall. is raised 40 feet 
(see Plate~ 1 and 2). ',. e':'.' 

-
Grouting will almost certa1nly be necessary even if the 

, coner,ete is laid on fresh rock, because the surfaces of movement 
will ~till be presant 1n the crush zone at depth, and they w1ll 
very probably allow escape of weter even under a comparatively 
small head. . 

AS the crush zon~, if not Bdeq,'ately treated, maY' well 
'.!!'!Vert struotural weakness to the whol€' wall and cause 10S8 
ot: water aa well, ~_ t :t.B recorranen0ed that it be closely 
investigated, not only by e,.-cflvst1on but by drilling also, 
if this should be C onA1dered to be advantageons as the work goes 
on. If' this investigation is sutt-iclently thorough and provision 
18 made against any source of weakness, that may be revealed, there 
,is, at present, no dioce:£,llible reason \,hy the proposed addi tiona 
to the dam should not be successfully completed, provided also 
that t he concrete in the present dard 1s sound enough to b ear the 
additional stl'ainr;; that will be . placed v-pon it. 

( -- . -. 
. ', -". 1 , . ''Tc .. , ' 

, 

NOTES ON AGG·,F~BGA'rES. -
A description of: the porphyry used as aggregate 1n the 

present wall \itatj given by PeE.- Nye alIa IT.B. Owen in Mineral 
. ResotWces 'Survey Report N·o., 194~J:.b725, which was sent to 

Mro'L., ThoI'nton on 15th August, 1944. They also discussed 
the propertieH on the rock f-L'Oi.il the poi.nt oi'. view of their 
probable ef':fccts on the concre'te. 

It is :intended here i;o give 0. generalized desoription 
of the rock from the' quarries on the right bank ot the Ootter 
River, downstream from the damp for cpmparison with that above 
the dam on the ltft banI..: V~· '~he lliv6l'. The rock from the latter 
place will probably be used &G aggregate in the proposed 
extensi OClBo ' ' . 

. 
'80 B,gck from.:,quarrj.es on r'ight banlL0f" Cotter River 

below the (lam" _ 041_ 

In the hand-specimen this 1s s medium-grey porphyry 
oarrying phenoorysts of' wb,i·t;e f'elspar md vitreous qJ.artzo 
A little pyrite and possible chalcopyrite are visible to the 
naked eye.. Sea t·t;ereC(?)xenuli thio :rI'aw:rrents~2 ot' milky quartz 
are presento . ' 

In several places in the quarries the rock is quite 
heavily PYl'itj.sed g and this material, voihen \"ieathaI'ed, becomes 
strongly stained wi th limoni~ 3Q 

The groundmas~ o~ the poI'pr~ry consists of felspar (75 
per cent .. ) lJ ahlori te (20 per cerlt .. ) and quartz (5 per cent o ). 

'.I:he average grains:a.!?;e 0.1.' thl~ i'elspax' and quartz is 0.14 rnDlQ ~ 
whereas the chloX'1'~e is much .finer-grailled (0.01 rom. or less). 

Arnong, the phenocrystalline minerals, :f'elEJpal~ is 
. predominant; next in order of abundance 1s an altered 
ferromC;lgne~'ian <;:n.d f'inally there is qU81'i:;Ze 



.;:" ... '.,; 

,As far as eould be determined, "all of the f elspar is 
plagioclase, . which 'i.e .found in two generations' of' crystals 
having the ap~roximate composition Ab64A~h (anaesine) 
A little serioite has formed as an alterat10n product in the 
andesine •. 

_ No primary f'el'romagnesian rema.Ins. The mineral..:'·( or 
minerals) is no~ repras~ntcd by chlorite and leucoxene, which 
may have been del~1ved f'l'om biotite, trJ.Ou~h the shapes of some 
of the crystals suggest that the alteration produtJts may 1n 
part,' fit least, b~ pse~dor.1Orphous after pyroxene or amphibole. 

, 

Quartz pl1enocrystG r.!ake up between 8 and 10 per cent 
of the whole rock. Some of the gra.i r.s ~r this Mineral have 
bsen strongly cori'oded at a late-magmo.tic st.age. 

Acoessory minerals in the grouncmass are 1eu.eoxene, 
z1roon, and apatite. No pyr1 te appos:!:'S 1n .the. slide at ha.ni. 

If the rock is intrusive, it 10 a ~~~odlorite-Rorehymt 
'if it 1s volcanic, it 1s a dac1te~. The relatively coarse 
groundmas8 euggests thai; tile. luck ~s intrusive. 

..~ .. 

. b. RQ.2Ji :from left, be1fk .of' Cott~:> iJ.J:.yer fJ.bov~ the dam. 

In the hand S'I)t; ctm6n t:,16 rock differs from the one 
,:.just describ~'d in foui .. resp~cts :-

. 1. 
2. 
3. 

" .... 4.-

Its groundmass' i6 ds::?ker grey 
The felspar is flesh-coloured 

, !.: 

, ,,~ I><t" .: ,: 

The quartz phenocrysts are larger- . ";_ .. :, ' 
The percentage (15 to 20) of phenocrystall1ne ~ 
quert~ is hieh?r. 

The groundm~ss in almont fir::e eno1Jgh to be called 
falsi tic i 1 ts average grainsi ze is about 00 02 mm. It appe aI'S 
to consist almost entirely of felsparp but some chlorite and 
a little qp.artz and seriel ta ore aleo presento 

The porphyritic crystals comprise f'e1spar, alteration 
products of ferromogneulen minerals, and quartzo 

. No undoubted orthoclase W8B identified among "'t.ihe two' 
generat5.onR of' f'elfipar phenocrysts whlch mtlstl'l therefore p be 
taken as be:J.ng largely or entirely plagioclase, 'whose 

.' compos! tlon was found to be Ab67 A~3 (andesinE!)" Small 
quantiti es of zoisi to anc1 eer-iei 1;e ~ccllr as alteration products 
in t~he a ndesine. One glomeroporphyritic masS of f'elspar 
cryatal[~. \;~s noted in ~hG slide. 

There. ;;1ay 'ha'\ta bc<!!n more them one prt-mary f'erroroagnes1an 
mineral present. That -thta :!.s pOGsiblc is' sho\lin by the several 
coml) inatio no of 81 terntion p::-.'oducts wh.ich now pepresent lihemo 
By far the Jlloet oom:::1on cOl~b1mltion ia chlori1; e + bla.Jk iron ore 
+ leucoxene.. Others are ehlol"i te + black iron ore + leucoxene 
+ haernat1tc; cluorite + leucJxene + bluck iron ore + felsparj 
sericite + ohlor:tte -+ blaok iron ore + leucoxeno u and ChlOI!1te 
+ leueozene + f'eln!nn' + sel'loite. A.:~io):,e~:;ate6 of "these minerals 
are obviously pseudomorr;>l1ous nf'ter SOf"lC prir:Jary sllbhec1rnl to 
euhedral erys taltJ~ which were probably bio-t1 ta. but in some 
caaes appear -to have been pyroxene or amphibole o 

. '. 



. 
In additIon there are irregular masses of ehlori te 

slone. These are of various sizes, and the chlorite polarizes 
in anomalous browns J whereas the chlorite in the aggregates 
previously described has anomalous grey-blue. interference-oolours • 

. It is not possible to mfi'l.te a statement rega·rding the origin 
of this chlorite, though it mrW be that t he mineral was 
1 ntroduced duri ng the prooess71llteration which has attacked 
the ferromagnesians and the andesine. 

As in the rock from the quarries, the quartz i8 f'airli 
co~onl.y oorroded. 

Acoessories are leuco~ene, 'haemat1te, zircon and apatite. 

The rock is a granodiori te-p0Z:B,hyFl •. 

Probably the only significant difference between these· 
two rocks is that the groundmasB of the rock whic hit is 
proposed to use as aggregate is finer than that of the one 
used 1n the present dam. Though this in itself 1s not 
neoessarily a disqualifying faotor, arrangements have been made 
to have the rock tested for reactivit~ith the type of cement 
which is likely to be used in the e onstruc'tion,. as 1 t has been 
found that sorne felsites and acid porphyries react with high­
alkali cementa, particularly in cases wnero:the groundmass 1s 
fine-grained and may contain opaline or chaleedonio s1l1cae 

No pyrite was noted 1n the newly-selected aggregate, and 
this is a point 1n its favour. It 1s alwawa possible that· 
pyrite will oxidise and oause weakness in eonorete through the 
fo~ation of sulphateo 

conCI,USI011S --
An examination of the Ootter River valley in the 

neighbourhood of the dam haa shown the presence of a fault, of 
a crush zone and of jointing in the porp~o. 

I 

The jointing should cause no diffieulty~ as the present 
dSln does not appear to have been affected thereby!) nor should 
the northern fault cause conoarn~ largely ror the same reason, 
though it is suggested that a hola be dt>illed through the fault 
to ascertain whether vmter will escape when the d am is raiaed o 
If it does g grouting will be necessaryo 

The crush zone which will be tuken in by the extended 
wa:!.l on the right banlt of the River, though presenting 
dif'ficul ties which should be fairly readily. soluble 9 needs 
careful investigation, first by excavation. and secondly by 
~rilling9 if this is.thought necessary du~lng the progress of 
the mrko It would be advisable to grout part of' the c rush zona" 
beoause :1. t ls antiCipated that 1he rock ther.ein will not be 
impervious aven when all weathered material is remo1ted~. 

Oomparison of the proposed new e.ggr~gate ~~th that used 
in the present wall reveals no obvious deleterious properties 
in the new rock. iIowever~ on account 0:(' its £'iner, grain~ it is 
1nwerative that 1t be thoroughly tested at the laboratories of 
the C. S. loR. j) Division of Industrial Chernis;try, bef'ora 
construction begins. 1.~ would be convenient to test a possible 
alternative aggregate at the same tirne g in ca.se the proposed 
material is unsuitable.G., . --&{}3, ;&j JJ£Mi-'-. 

Caw erra II A. C .. T. 
23rd February, 1949. 

w. rril',LLwiTz 

PETROLOGIST e 

I.' 
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