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REPORT NO, 1944/26.

In a memorandum dated 28th February, the Superintending
Civil Engineer (iir. L. Thornton) of the Dernriment of the Interior
stated that cracks were showing in the Cotter dsm, and that these
were serious enough to warrant an investigation as to vhether
there were minerals in the aggregate likely to cause expansion on
decomposition, He also forwarded two sampies of the sand and one
of the roock that were used in the concrete. ' He also stated that ,
he had heard that eopper pyrites ocourred plentifully in the stone.

o An examination of the sand was made by the Chief Geologist
Dr. N.H. riahsrz and the results were forwarded by .the Director
Ir. HeGs Raggatt) on the 16th March, The Director also stated

that an examination of the quarry would be made before a& report vwas
submitted on the stone, : : . 4

Visits wers made to the Cotter dam and the adjacent rock
quarries, and this report embodies the results of those visits and
- of subsequent investigations, B

The cracks in the dam are not necessarily due to factors
which can be detected by geological investigaticn, e.gs they may be
entirely due to construotional defects. Novertheless all possible
geological factors }ikely to affect the stability and strength of
the dam were investigated and, even though it was subsequently found
that some of them could have little or no effect on the dam, they
are discussed in this report, : ‘ ,

AL, . THE QUARRIES,
~ The dam is built on.the Cotter River, approximately hailf
a mile weat from the junoction of that river with the Kurrumbidgee
River, and is a straight wall with its long axis bearing 35°
mngne‘ic (or N.235°% mag.)s Downstresm from the dam, the river has
& general south-easterly course for a few hundred yards, Near the

dem, the river flows through & gorge and there are good sites for
quarries. : ' T

Two gstone gquarries were found. The larger one is situated
about 100 yards downstream from the dem and on the south-western
side of the river, It i1s adjacent to the footbridge over the river
and will be referred to as the Northwestern Quarry. The smaller
quarry ‘is approximately 100 yards farther downstream on the same
g8ide of the river and will be referred to as the Southeastern Quarry.

- No other quarries were found., It is not known if atone
was used from any other source, e.g. the excavation for the found-
ations of the dam. If there are no other quarries or sources, the
greater part of the stone used in the consrete must have come from
the Forthwestern gquarry. It is assumed that the stone from the
Southeastern guarry wee used for the conerete even though farther
away, because there is no other apparent use for it.

The quarries are -mali anﬁ irregular, and were formed as
the result of the removal of a small thickness of rock from the
steep side of the gorge in which the river flows.

‘111, THE ROCK.

1, 'Introduotion. In the vicinitiiof the dam and the quarries, there
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is only one rock formation présent., It is a massive rook generally
resembling a mediwm-grained igneous rock and to whieh “porphyry"
can be given as an appropriate and convenient field name.

8, ‘pgggrgftion of Rock, In the quarry, the unweathcred rocke are
grey in colour and contvain small phenocrysts of quartz, felspar and

& ferro-magnesian mineral in a fine-grained groundmass.

Specimens from the central parts of each quarry, and from
the northwestern part of the Southeastern quarry, were examined
under the microscope with the following results: ' '

(a) Specimen from gentré of Southeastern guarry.
Phenocrysts. | ’ -

%uartg. Fractured and cdntaininQAblebs of glass and inclusions
of aliered biotite and apatite. Somewhat corroded. " Gbous ev.e straine

Felgpar. Shows both Carlsbad and albite twinning vwith glassy
inclusions in some crystals. liainly plagioclase (oligoclasc Gominant),
but some orthoclase, Approximately halft of the felspar phenocrysts
are weathered to cloudy, and more or less opaque, masses. The re-
meinder of the felspar 1s less weathered, & small proportion Leing only
a little altered. . ‘

Biotite, . Almost wholly altered to chlorite with a.sméll amount
of @ greyisn opaque unidentified mineral,

grounimass. Microcrystalline, felspathic, but contains some
greenish chlorite and possibly some devitrified glass. Apatite
also present, : ‘ _— '

Secondary iiinerals.,, Pyrite developed adjacent to one biotite
phenocryst. Specimen ie crosged by a vein of granular secondary
quartz which traverses a quartz phenoeryst and surrounds a felspar
crystal.

(v) Specimen from northwestern paft of the Suutheastern fuarry.

Similar roek to specimen (a), but gquartz phenocrysts more
corroded, Iiuch pyrite is present in cubes and is developed adjacent
to altered biotite and in cracks in a quartz phenocryst. Jomc pyrite
is embedded in groundmess. Pyrite is pale in colour and fino-grained.

(c) Specimen from Centre of Horthwestern Quarry.

8imilar rock to (a) and (b), but no pyrite visible in scctionm,
and a small proportion of the felspar has undergone altsration to
sericite, - - - : :

(a) Specimen submitted by Departnent of the Interiors

Sirilar to (a), (b)\énd (c), dut quartz very corroéed, . No
pyrite, _ ‘ '

From the examination of the four thin sections, the average
fiineral composition of the rock appears to be:

Phenocrysts. "Por cent, .
quartz — 16
Felspar : A 4 _
Biotite, , - : . o
chilorite and sericite 7 (including not more than 0.6

S per cent of thc unidentified

. \ ~ mineral)

Groundmasa. 60 (felspathic, but contains

- - gome quartz and fine grains

' : 'of blotite-chlorite)

Eyrite. : ; 2 ,
Secondary quart

apatite, etc. ) fﬁ%
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: The rock is a quartsz-felspar-biotite porphyry (or granod-
iorite porphyry), and consists of phenocrystes of the above thres
minerals (or their alteration products) in. a fine groundmass com-
posed mainly o? felspar, _

S nting etcs Though generally massive the rock contains numer-
ous goinis. iﬁ. Jointing is not very regular in distribution, -
direction and amount, There are two sets of iinjor jolnts, vis,
those trending northerly and easterly respectively.  Very narrovw
quartz veins containing pyrite oceur in scric of the Jjoints. - Brown
and yellow oxidation products (limonitic) of the pyrite are ulso
associated with some of the prominent joints.

, It ie posqible’that_sbme of the nost prominent Jjointis may re-—
present small faults, Further informetion on the strike and dip of
the joints is given in section VI, , . :

4, Bulphide Minerals.

(a). Pyrite. 1In the Southeastern quarry, and particularly in the
northwestern portion, a yellow metallic mineral was relativuly
plentiful. The minerel occurs in the rocks alongside the major
Jointesy In a few cases quartz veins, about an eighth of an inch
wide, were present in the joints., Thu mincral was pyrite (iron
sulphide), and no evidence of chalcopyrite (or copper pyrites-
sulphide of iron and copper) was obtained, In the vicinity of
Jointe with which the pyrite is associated, brown and yellow iron
oxidation products are prominent, : '

&/ close inspection of the Northwestern quarry revealed
only a small amount of pyrite in the rock. A narrow vein of quarts
and pyrite occure in an east-west joint, However, the prccence of
brown and yellow staining suggests that there is probably more pyrite
in the Northwestern guarry than vas found during the field exeamination.
i;xemination in the office of specimens collected from the quarry con-
firmed this view, small piecés of pyrite being found in at lcast half °
of the specimens collected, g : .

. The pyrite ocecurs gensrally in smell plecee ranging up to
possibly one~twentieth of an inch in size, but the larger pieces or
clusters of crystals range up to about one guarter inc¢ch in maxirum
dimension. It also ocours as thin films (probably in joints) up to
threce~eighths of an inch in naximum dimension, - ’

The content of pyrite in the rock in the Northwestern
quarry is small and visual cxamination suggests that it probably
does not exceed 1 in 10,000, If specimens with the most pyrite are
gelected trom the northwestern part of the Southeastern quarry,
faces of 1 square inch can be obtained with a pyrite content up to
5 per cent, and small pieces of rock will have a pyrite content of
1 to 2 per cent. An estimate made of the pyrite content of a rock
section (specimen (b)) under the microscope was approximately 1 per
cent., These figures indicate the maximum pyrite content of pieces
‘of rook which might have entered the concrete aggregate.

(b) Galena., A piece of galena (lead sulphide) was found in a
spscimen collected from the northwestorn part of the Southeastern
quarry, Its maximum dimension was about one-eighth of an inch. [0
other pieces of galena were observed. ,

THE CKS.

The most noticeable cracks are in the. northern part of
the dam. The most prominent of these trends almost at right angles
to the dam and has a strike of 306°, -It is vieible under the water
on the upstrean side of the raiscd path and appoars to Lave a maximan
width of about half an inch at the surface of iie dam, butl much (
snaller at very shallow depthe,  Its course along the raieed path
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has been covered with cement norter, but it is vislble on the down-
stream face as & nearly vertical crack extending from the top of
the face for .a. depth of about 30 feet to the rock forming the side
of the gorge, . S B L

. Sketch elevwtion of rnorthern portran of
Sownstresm Frce oFf Cotter Lo

S2wfe /e LO (spprox.)

.

Several less prominent and less extensive cracks occur
to the weast of the main crack near the bottom of the downstream
face (see text figure 1). On the lower part of this face there
are incrustations formed of thin layers of a brownish-white substance.
hese incrustations have been formed by deposition from solutions that
. have traversed the concrete, There is little doubt that the sub-
stances deposited were dorived largely from the concrete by percolat-
ing water, 4 . :

The incrustations are most plentiful below a horigontal .
line about 20 feet above the outlet pipes. VWater seeps slowly from
" this line which a.parently represents the surface botween two
pouriings of concrete. kLost of the incrustation is derived from the
water percolating through this and other horlzountal joints, but some
is derived from water percolating through the cracks,
Jamples of the incrustations were examined and were found
to De calciun carbonate with little or no inpurities. The general
processes involved in the solution and deéposition are probably us

follows: -

' 3 As soon as & crack is formed or a jodnt permits pessage of
 water, water from the dam and, to a very much less extent, rainwater,
would percolate along them. %The water would contain dissolved carbon
dloxide (derived from the atmosphere) forming a weak solution of
carbonic acid. This solution would attack calevium compounds and

form calcium carbonate which is then dissolved as calciun bicarbonatie.
on exposure to the atmosphere when the downstream face of the dam is
reached, the action which is reversed and calcium carbonnte deposited,
the excess carbon dioxide being releaseds The process is identical
with that involved in the formation of stalactites and stalagmites

in caves in limestones, and it would remove apprecliable amounts of
material from the concrete of the dam (the incrustation would powcweibly
represent only a portion of the total amount removed). \

) AFFRCR ‘PHRIR USh
pre Wmm
o (JUNUL-QJ.LSI‘J »

/

. There are many features of rocks vhich are likely to
affect the durability, soundness and strangth of concrete in which
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they are used as aggregates. Hoff (1940) discucses generally the
application of petrology to aggregates for concrete., The features
referred to above include the mincral and rock composition,
structure and surface texture of the rock, cleavage of constituent
minerals, and degree of wcathcring., “hece features are likely to
affect the concrete in many ways such as liability to chemical
change (oxidgtion, solution, ete,) the shepe and kind of surface

and strength of pleces of aggregate. The pocsibility of expansive
reaction between aggregate and cement is probably the most important
chemical factor, ' :

. In the concrete for the Cotter dam, a crushed aggregate
was used, the rock being the porphyry described avove, lLic inform-
ation 1s available about the brand or brands of cement used and
the chemical composition of pame, ' '

Only those features of the rock which are likely to have
affected the concrete will be discusseq belov. .

1e %1nerals'11kelx to undergo cinemical chgggé. 'The oﬁiy ninerals
n the roek which wo be likely to undergo chemical changs are the
- sulphides present, viz. pyrite and galena. ‘

Sulphides oxidise and weather more readily than rock-
forming minerals and should, therefore, be undesirable constituents
of eggregates for concrete, NHo .references are available at piresent
on the effect of sulphide minerals on:concrete, It can ve safely

aseumed, however, that aggregate with an appreciable sulphide content
would be avoided for use in concrete. .

Pyrite is the only sulphide present in sufficient quantity
in the quarries from which the aggregate used in the Cotter dam was
obtained, to justify consideration. Pyrite oxidises in moist air
and forms ferrous sulphate and sulphurie acid. #“he ferrous sulpiate
oxidises to other esulphates. These producte are soluble in watcr and
would, therefore, be moved by any water circulation in the concrete,
They, and particularly the acid, would attack the concrete. - If any
calcium carbonate .1s present, gypsum and ferric oxide (eventually
yielding limonite) would be formed,s %he sulphuric acid would prob-
ably also produce gypsum by attacking othér calcium=-bearing constit-
~uents of the cement or aggregate.

_ The sbove oxidation refers to that assumed to occur in the
upper parts of orebodiess The conditions in concrete wouid be
aiffecrent insofer as there is little, if any, circulation of wvater
and air (residual mixing-water would be present), the amount of
pyrite would be less and the particles of pyrite would be protected
more or less by the enelosing cement. : S

Any ferric'sulphaté foﬁmed in the above actions would
‘assist in the oxidation of more pyrite and also of othcr sulphidoes,
Cefe gal‘na. o . i : .

It is possible that the actions referred to above would
.result in the alterations of parts of the concrete and tend to-
disintegrate it. It is not known if the oxidation of the pyrite
represents an expansive reaction, but it is possible that it does
60. Such an action, together with the deposition of gypsum in
craeks and joints would ceuse intcrnal strains that might result
in rupture end chipping. ' ,

If pyrite in cement oxidises, it is probable that the
products of oxidation woukd enter cracks in the cement whether the
cracks were caused by the oxidation of the pyrite or by other means.
. Pregence of limonite and gypsum in some or all of the cracks would,
‘therefore, indicate that pyrite vas being oxidised.

~° Although the £illing of the cracks would nmot be examined,
it has been found that the incrustation on the face of the Gam and
. covering the cracks, consists of ncarly pure calcium carbonate and

1



contains neither limonite nor gypsum. It 4s clcar, therefore, that
oxidation products from pyrite are not reaching the face of the dam
and it is probable that pyrite is not being oxidised.

24 ﬁ;gggg;g and Features Likely to Affect the Strength of the
Concrete, The only minerals and features ot nee 0 be considered
= ,

are The weathercd or altered felspar and the biotite-chlorite,

a, Weathered Felspar. Aassuming that all the alteration is due
to weathering the altered felspar would consist mainly of iaolin (one

>f the main constituents of clay) which hes little strength. 4s the
Porphyry contains about 30 to 35 per cent. of altered felspor (see
.2 and 7) it is possible that its strength hee been reduced
appreciably below that of the unweathered rock. =

be Chlorite~Biotite. Thess minorals would have little strength
in direcotions parallel to their perfect basal cleavage. They are
pregent in amount not exceeding 7 per cent, and ss their grain-size
ie much less than the size of pieces of aggregate, it is unlikely
that their presence has affected approciably the strength of the
aggrecgate and the concrete, ,

3 E%negglé and Peatures i;kelx to _aAffect the Concrete through
1©_Ghape and Syriace o egces of Apgrepgate. :

Qe Shgge of Pieces, Pleces of aggregate coneisting lérgely,

if not wnolly, of phenocrysts of felspar and chlorite-bioctite, would
tend to Le flat because they would probably be formed by breakage
along cleavage faces. These minerals are present to the extent of
17 and 7 per cent. respectively and so represent 24 per ceand, of the
rock. ilowever, the number of pieces of aggregaie conforming to the
sige of the phenocrysts would represent a mach smaller proportion
of the aggregate and it is unlikely thet the content of flat pleces
would be sufficient to affect the strength of the conecrete,

There are no other textural and strucfurai féatﬁres of the
roc wiich would yield undesirable flat pieces. .

be %urface of Pieeces, Thc only minerals likely to adverscly
affect e surface ol pleces of aggregate are felaspar and chlorite-
biotite. Where these mineralg are broken along the cleavage, they
woujld present smooth surfaces, which unless roughened during the
crushing and handling, might slightly affect the bond with the
cement, The combined percentage of felspar and chlorite-biotite
phenocrysts has been given above as 24, but not all phenocryets
would bmeak along the cleavage and not all of the phenocrysts would-
appear on the surface of pileces of aggregate, It is probable that
the proportion of the spurface of pieces that would be occupied by
cleavage faces of phenocrysts would not exceed 5 per cent,

4. Expansive Reggﬁion.gggzpon.Aggiegato and Cemente

& @General. Alderman (1943) reviewed American literature on tae .
subject of expansive reaction. between aggregate and gave a list of
constituents of natural aggregate materials which may enter into
expansive reaction in concrete., Of the materials and minerais in
that 1list, it can be stated that the only ones present in tho
aggregate used in the Cotteor dam and likely to enter into expanslve
reaetion are the fine particles of the groundmass and the docomposed
folspar. The alkall content of the cement is important in this
matter (high alkali cements are nore likely to cause expansive ro-
action), but will not be further discussed in this report. '

b. Glass and Fine Particles of the Groundmass. 4ny glass lefi
in the rock 1s restricted to sma 1cbs in the phencerysts of
quartz and felspar. he emount is so small, that any possible
action by it can be disregarded. ‘ , .

The groundmess constitutes about 60 per cent. of the rock,
and 4s microcrystalline so the rock as a vhole can bo coneidzred'to
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contain a similar proportion of fine grains or particles, The uce
of the vord partieles is not intended to convey that the groundnsss
is an aggregate of loose particles. '

. The fine grains or particles are mainly felspar and further
reference is made to,this mineral in the next sub-section.

Ceo ggoogpgsed reltsgi. The porphyry contajns 17 per cent., of fels-
par as phenocrysts, and the groundmass (representing 60 per cent of the
rock) consists mainly of felspar, The porphyry, therefore, coniains
a total of 60 to 70 per cent of felspar, OFf the felspar in the
poenocrysts sbout 5O per cent &8s wholly or mainly asltered. Assuming
,that tiie felspar in the groundmass ig altercd in similer proportions,
the total amount of altered felspar in the porphyry is approximately
+ 30 to 35 per cent. ' | :

de gChlorite. The chlorite group of minerals is not included in
Alderman®s llet of minerals ete,, likely to have an expansive reaction
with cement, In a discussion Stanton (1941) includes proshlorite as
one of the minerals whieh are non-reastive, In the light of our
present knowledge, it ¢an only be assumed that the chlorite in the
porphyry will be non-reactive, ' S

¥I, STRUCTURAL FEATURES NEAR DAM SITE,

In order to determine if there were any major structural
features in the porghyry near the dam and particularly near the
northern end where ihe cracks are, 8 fairly close examination was
meaede, . ' ' v

At the northern end of the dem, the most prominent
struetural feature is a major joint with possibly some faulting
asgocinted with it. It strikes at 46° (all bearings given are
magnetioc) and dips at 859 to the southeast. Viest of the northern
abutment, joints strike at 0° and dip to the west at 456° Imiediate~
ly east of the northern end the joints strike about 20° and dip to
the east at 500, . : S - .

On the northeastern side of the river and 200 to 500 feet
east from the dam, the main Jointing strikes at 70° and dips at 60°
to 70° to the south. A similar set of joints is present on the
southwestern side of the river and imuediately on the downstream
gide of the dam, Wiere is, in addition, near the latter place a
najor joint striking at 310° and dipping to the southwest at 259,
A less prominent joint with & similar strike, but dipping to the
north appears to have had faulting associated vwith it. ‘

hY

In the Northwestern gquarry, the main joints have the
following strikes and dips =~ 'strike 200 and. dip east -at .60C) strike
360° and dip west at 450; and strike 90° to 110° and vertical dip.
In the Southeastern quarry, the main joints strike at 10° and dip
. cast st 560 and strike at 80° and 4ip norsh at 60°, and a less pro-
minent joint strikes at 50° and dips northwest at 700,

It is obvious, therefore, that the observed major jointing
near the dam and the cuarries includes a set with general northerly
strikes and another with general easterly strikes. As the strike
of the main crack (and probably also the minor parallel ones) is :
305°, 4t does not agree in strike with eithor of the above. To the'
southeast of the southern end of the dem there are, howeyer, two
joints are striking 315° and the other about 300°, As far as they
could be examined, the roeks near the cracked part of the dan appear
to be free from any except minor jointing and i 1s°un11ke1y tiat
taere is a major joint present with a strike of 305%., . .

In genefal, therefotn, the .conclusion must be drawn thet
the cracking of the dsm is not due to slight movenent along

N
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northuesterly trending usjor joints or Yaultss Further, the major
joint or fault ut the northern ond of the dou and striking ut 459

is unlikely to have affected the Gam in any vay. .

VII. COECLIBIONG,

“he rock used as an aggregate for thc Cotter ¢an 16 & guurt:~
felspar-biotite porphyry with much of the felspar weathercd or altered
and the bilotite altered to chlorite, %he rock has a snell content of
pyrite which, however, is much greater in the northwéstesrn part of the
&outheastern qQuarrys

\Thc ainerals that have to Le considered from tie view-
polnts of stability and strengti are pyrite, uwcathéred fclepar and
chlorite~biotite, and irom the viewpoint of pousible exponcive e
action, the weathored felspar. -The structaral features of the rock
in the vicinity of the dam have also to be considered.

=yrite, If zock from the & outheastern'quarry weo used, the possible

effect of pyrite on concrete has to be congidored., If it wos not
uued, it is unlikely tiat the small pyrite content of the rcek from
{the other quarry would cause any serioue defect.,

‘ No information is available at precent as to the effect
on concrete of an aggregate, some pieces of which are likely to
contain up to & per cent. of pyrite, There is no doubt, hovever,
tihat pyrite is an objecotionable constituent because of the possibil-
ity of ite oxidation and the action of tho oxldised producte on the
eoncrete,

Investigation of’the cracks did not reveal any limonite
or gypsum, end the incrustation on the da:l surface near the cracks:*
is almost pure calcium cerbonate, If the pyrite is oxidising, nonc of
the produets tre entering the cracks and emerging on the surface of
the dem. In veneral, it appears, therefore, that the pyrite ie act
oxiuising and axfecting the dem, but thie cannot be regerdeld us having
been proved,

Lesthered Uelepar and Chlorite-Biotite. +These minerals have little
strengtn and are present to the extent of 37 to 43 por cent: “hey

would tend to reduce the strength cf the aggroguate and, therefore,
the strength of the concrete. 4Yhe question as to whether the aggreg-
ate hag sufficient strength is an englnecring problem and nced not

bo farther considered here. : : :

3 .

pangive Reaction between Aggggggte and Cement. Of the materials
and minerals known to have an expansive reaction with cement and
l1isted in Council for Scieatific and Industrial ilescarch Huiletin
70,161, the only one present in the Cotler uggregate and likely
to aaVu affected the concrete is weathercd or altered felspar,
tie content being 50 to 96 per cent. Yho effcct of the fine-grained
groundmnass nas also to ve considercd in this respect. These two
statenents are made without taking into consideration the’ composition
of the cement winich is not known.

Tegts would vo necessary to detcrmine whether any oxpangsive
#oag¢tion is likely to occur.

Structural Fecatureg. It appears unlikely that there are major
northweost trending joints in the bedrock near tho cracked part of

thie dam and that there could have beon any movements in the vedrook
alonzy cuch Jointe, which would hove caused the formetion of the crucks.

VIIX, _ReCOM WNDATIONS,

It is recommended that - |
dle -Enquirie'b be made by the Department of the Interior -
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{a) To ascertain whether any of the rock {wom the Southcestern
guarry was used in tlhic concrote.

() To asccrtain the source of the cement used and to obtain
a sample of a coment with u composition ap ancar as possible
to thot used in the Cotler cam.

3¢  If rock from the Southeastern quarry wus uscd as aggregate,
laboratory tcste be made by the Couneil for deiontifie and Industrial
escarch to determine the effect, if any, on concreie ol nicees of
uggregate with a pyrite content ranging up to 2 per cont,

3. Becausc of the large content of veathercd felspur and ciilorite-
blotite, tcsts be nade by the Depurtnent of the Interior t¢ Getermine
vnether the strength of the aggregate 1s satisfactory.

- 4, 48 the wecathered felspor and fine-grained groundnase nay poseibly
cause expeneive reaction with the cement, loboiatory teots ve under-
taken by the Council for Scientific and Indusirial Rescarch to
determine the poesible effect of these factors on the counercte. Ior
this purpose, it would be necessary to use sample of cement obtained
under 1(b) above, For any such tests, the ilineral Lesources Surve
would undertake to collect the required sanpleus of roek (agsiugate)e

5, If further concrete work is to be done at the precent dau, or

any proposed dam nearby this Dranch be asked t0 examine possible
quarry sites in the vicinity to select as suitable an aggregave

as possible, If the rock is a porphyry similar to thait at lc Gotter
dam, i1t would be selected with as littlc pyrite, alterad felspar,
fine groundmass and chlorite as possible. _

64 Deﬁendont oh the repsults eof any tosts made underivcommendetions
2 and 4, similar tects be madc of any porphyry aggregate svelvcied
in accordance with recomzendation 5. : -
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