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GEOLOGICAL INVESTIGATION OF MUGGA QUARRY p A~C.To 1965. 

SUMMARY 

The southern part of Mugga Hill (Mount Mugga Mugga) was 
mappe~ in detail to aid in evaluating the possib~lity of extending 
the prese~t quarry towards the south-east. Quartz-feldspar porphJr+y 

- was found'to crop Out over 25 percent of the area of the sUggested 
extension; it ranges from solid fresh porphyry to soft, crumbly 
(altered) porplii,ryo A zone 9f soft~ crumbly~porphyry occurs in a 
south..,.east trending fault ,zo:ae'~'i.to the east of the existing quarry 
and pr,obably extends across thE(area proposed for development, 
Spft crumbly ~orphyry is exposed along road cuttings --~nthe 'southern 
p~rt of the a:j:'eao Some patches of deep soil may be underlain by"'..' . 
unexposed zones of soft c~bly porph;yrYo No sulphides were found 
in the area. 

A programme of patternpercusston drilling isrecpmmended to 
'I 

determine the depth of l'l~1rerburden in the area of the proposed 
extension and to locate-~detected zones of unsound rock. Three 
diamond drill holes are recommended to obtain samples ,of the porphyry 
at depth for detailed petrographical examination and mechanical testing. 

INTRODUCTION 

In'response -to a request by the Department of Works (-Minute 
64/4906" of 7th' July, 1965) to examine the poss~bili ty of extending 
the De~rtmentl s Mugga Quarry towards the south, the south-eastern 
, ' . " 1 
slopes of Mugga Hill were geologicaly mapped at 200 feet to the inch 
to deteritlilie th~ extent of 'outcropping porphyry, the quality of the 
rock, the pressvxe of faults and shear zones and associated unsound 
S'oft cru:tb.'bly rock, the presence of Q,elete'rious minerals, and the d~pth 
of overburden. 

Previous wo:t:k by Dallwitz (1949) and Noakes had shown the 
presence of zones of soft crumbly porphyry, the condition of which was 
. ascribed to autometamorphism, along, faults and shears in the porphyryo 
Hawkins (1965), as a result of a resistivity surveY, sug~sted the ' 
presence of a deep zone of 80ft altered rock trending sO\t.tl;l.-eastward 
from the present quarry, i 0 e. across the area of -t~· proposed'-extfmBion 
(see Figure 1). Percussion drilling in· 1959"su~e;rVis,ed'by D.E.Gardner, 

, confirmed the presence of, a -deep -zone -of soft crUmbly, porphyry to the 
east of the quarry and trending south~eastwardso (see Figure 2). In 
places this zone is over 100 feet deep. 

Alteration was the~efore dire'cte-d"to -delineatiDg'-the""Z'one"of'--soft 
crumbly porphyry in the area of the-propo13ed-e'p-ension -'of the quarry 
and determining the depth of overburden in the area. The outcrops of 
porphyry were mapped and examined to check whe~her the rock is sound or 

, whether any deleterious minerals are present o 
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ROCK TYPES AND THEIR DISTRIBUTION 

Rock types: 

The rock 'exposed on iMugga Hill and in Mugga Quarry is a comp~c~ 
blue-greyquartz-i'eldspar porphyry. Weathered outcrops on the 'ridge between 
the trigonometrical station and the magazi~e, and in the quarry, exhibit 
well-marked bandsQr 'layers which generally dip 25 degrees towards the 
south-west.. The layering may be bedding .. 

Thei'resh'porphyryconsists of phenocryst~ of clear glassy quart~ 
,/and' white or grey feldspar, up to 5 mm.a.cross 1 and. f'lakes of black 'm~c 

// minera.lsset in a fine-grained blue-grey mtrixo The porphyry is quite diverse 
, in texture and mineral content; ,soine parts -are' finer-grained ihah others, " 

quartz is more common in -s'ome :pa;rt~ than in Others,,-:and potash feldspar, is the 
dominant feldsp~r in some places, ,hereas ptagioc~ is d~~nant in otlierso ' 

Under the microscope? the phenocrysts of quart,z in: the fresh rock 
from the quarry (R65360037 p 38~ 39) are se~n to be emb~d elihedral crystalso 
Some are strained, some a.re cracked, andso~e contain styt>IHtis' (mutual int~r­
~01rthB produced by recrystallization 4IDd solution ,*der pressure)o Most of 
the pOtash feldspar occurs as embayed phenocrysts of orthoclase micropenthite, 
but eUhedi'al crystals of "uniaxia.l negative sanidin~ ~ the high temperature ' 
potash feldspar, ,"e cammon~ Plagiociase occurs as euhedral phenocrysts of 
oligoclase and andesine~ some are zoned and most are altered in various degr~es 
to sericite ~d~alciteo No primary mafic miner~ls were seen - ohlt masses of' 
cHlOrite and ~ericite with,linesof hematite granules arranged al~ what were 
presumably the cleavage planes of the original minerals. From a studt of the 
patterns of the hematite granules ap,d the shapes of the chloritic mti:ils~~, it is 
concluded that the original mafic min~rals were biotite, augite~ and hornblendeo 

The matrix of the rock: consists of minute irregular intergrowths of 
qua.rtz, j['eldspar~-a;nd chloriteo Some of the intergrowths are radiaL Hematite, 
zircon and apat:ir te 'are, 'ac.!lessary 

, " 

Even'the'freshest'~ck exposed in the quarti i~' C\lt-''by veins up to " 
5 mm acrof'js -of'-carcite, -epidote---and hematite" ~dIIia.:riy of ,the grains qf 'quartz 
areco.loureddeep're'd'bya 'coanng-of -hemat:it~e o· ,A -few-veins -"and 'pat che s of 
chal-c~:dony up to '1(Y1I1I1r~---across "were 'found. AlthtJughpyrite andothersuf..phides 
are common in the porphyries around C~berra, and were reported from Mugga Hill 
by<llJj'ahoney-and Grifi'ith Taylor (1913),' none were found in the exposures in, or 
specimens' examine~ from Mugga Quarry. 

Distribution 

The outcrops of porphyry (see F~;"'J) were mapped as: 

(a) solid blue porphyry 

(b) solid porphyry 

(c) weathered porphyry 

(d) soft crumbly porphyry ~ 

.. , 
,', .,; ~ 

Phenocryst~ of glassy quartz and gree~ish-grey 
feldspar, get in a blue-grey matrix. Breaks into 
sharp ,irregularly shaped fragment s 0 Exposed in the i 
lowest quarry benchQ ' 

Phenocrysts of glassy and rock qtiBrtz~ grey and pink 
feldspar, se.r ~;~~bluef;~~y lIlatrix. Hac~t.-y fr~cture~, 
sharp edges .• ' EXP9sed in fJ,oor main quarry., 

", ~M 0 '~.' 

Phenocrysts of i~d, and glassy quartz, ~nd whit\~ 
feldspar, se~ ina dark-greY-lIlatrix. Limonite 
stains, uneven fracture~ blwit edges. 

Phenocrysts of red and glassy quartz and soft white 
feldspar, set, iilYii soft light brown matrixo Extensive 
limonite stainiDg~ Crumbles easily .. 

t~n ~n, 

.:. I, ' 
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iThe solid-: blue porphyry crops out in the lowest quarry, in the 
northern~-qu~ry, -~he -northern part of the main quarry, and a+o'UIld the summit 
of ~gaHil1. It is a hard, oomp~ct-- porphyri with little weathering; 

-Joints are sparse and tight·. The rock- is cut by numerous veineof calcite, 
epidote Ifrid hematite. The solid blue porphyry paSses south ... ~astwards into 
solid porphyry in the southern part of the main -quarry, and' forms the crest 
of the ridge -f#p'~ the summit of Mugga Hill towards the magazine. Some of 
the phenOQrysts7~1rPe~dspar show hematite staining. The porphyry crops out 
as low rounded masses _with well developed joints. A set of .north-west 
trending green jOint-s i'~ prominent in the quarry face. -Weathered porphyry 
crops out .between the magazine and the crushing plant and forms low rounded. 
outcrops with wide open joints. - Limonite staining is extensiveo The soft 
crumbly porphyry consists 'Of phenocrysts of red quartz -andsoftwhi te 
feldspar set in a S'Oft grey orwnbly matrix. It occurs along fault planes 
and slib.;horizontal· shear plailes in the main quarry. The -largest mass occurs 
in a 5o"-foot-wide so.ll.th-east trending ¢'cw.e, in the south-east corner of the 
quarry.. 'The cuttings .-'along the access rocks -to -the -crushing plant -expose 
over twenty feet of6iQs:e.J.:~ointed, soft, crumbly, pale-brown porphyry. 

Structure: 

The porphyry exposed alomg the ridge from the trigonometrical point 
to the magazine exhibits -a well marked layering--thatdipsat 25de-grees 
t-owards -the s01,lth-west. This layering is also apparent in the large fault 
faces exposed }n the northern part of the main quarry and in slightly 
'V{eathered parls of the lowest quarry. This layering is either bedding or 
flow banding. 

. ._ The porphyry in ~he main quarry±~ cut by several z'Ones 'Of sheared, 
shattere-a and slicl<:~sided porphyry from ten to twenty feet wide (Figure 3). 
Most of them trend northwards and dip steeply towards the east at 75 to 95 
degrees (Figure'4). Several slickensided surface, dipping at 70 degrees 
towards the 'sollth-west were found in the soft crumbly porphyry near the 
,-Q~b~J.p.J.arJ.t .,: 

The porphyry is cut by three sets of joints. The most prominent'~et 
strikes·at 130 degrees and dips at 70 degrees towards the north-east. The 
other two eets are vertical; one strikes 060 degrees and the other strikes ~t 
360 degrees (Figure 4). Subhorizontal jOints are noticeable in the upper 
part of the main quarry and in the outcrops on top of the ridge. They may be 
"expansion" or "unloading" joints developed by stress releaS:! in response t'O 
the removal of overlying rock by erosion. One set is subhorizontal and the 
other set l-s para.llel,t-o the layering of the porphyry and dips at 25 degrees 
towards the south"';west_~-_~ 

Alteration 

In several places the porphyry has broken down-into a loose crumbly 
rock consisting of phenocrysts of quartz and --of white feldspar pseudomorphs 
set--in a --soft, -crumbly,pale-grey--matrix. The --ori-g:i:nalplag±ocla-ee in the 
phenocrysts--andin--tne-matrix -has' -be-en--ai"tere d--t0 --a--mass- -of'---m:i.nut eflake s 'of 
sericite and illite with patches of calcite. Hematite __ ' has been altered to 
brown timonite withi;he advance- of weatheri-ng. --The matrixchange13 from dark 
blue-grey to dark -brown and then to li-ght brown._ 

Soft crumbly -porphyry occurs in verticalnorth-trending--shear z'Ones 
and fault zones ten -to fifty feet wide along the south and east faces of the 
main quarrv. It also occurs in two to four feet -thick subhorizontal lenses 
between ~~yers of massive porphyry -in the northern part of the main quarry. 
Other zones of crumbly po+phyry were delineated -by a programme -of percussion 
drilling in 1959 (Figure 2). Deep shot-hol,edrilling -during-quaz'L'3ing--OPerat-:j:ons 
,ti.~:~_ap.Q:~ -:t~'i~_-~';'~f~outh-east, corner--of-the -quarry--t-o be -over- -one--hundred:­
feet-: deep: FigUre- 2 shows~ that the_ deep zone of crumbly p-orphyry is not a 
continuous zone j;rending north-westwards. It appears to be a -discontinuous 
series of zones which trend north-westwards and have associatedmin9r--off-shouts­
trending northwards. Thus the zones of soft crumbly porphyry could be the result 
of alteration of porphyry along intersections of north trending f~ults with the 
north-west trending faults which dip at. 75 degrees to the south-w~s1i. (Figure 4) 0 

.. / . ' I 
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PROPOSED EXTENSION OF QUARRY 

The main factors to be considered in evaluating the proposed qu~y 
extension are: the extent and depth of overburden, the quality of the exposed 
and underlying rock down to the lowest level of a free-draining quarry; the 
distribution of the zones of unsound crumbly rock9 and the presence or absence 
of deleterious minerals. 

The 'proposed"-extensi~ cove-rs the gently sloping (15 degrees to the 
horizontal) southern side .of ,Mugga Hill. Seventy-five percent of the area is 
soil-covered. Some ""patchee"Of""soil""are-ertensiye~and,"judging-by""the' "absence of 
boulders and the size of some of the eucalypt tre"es (more than thirty feet high), 
the "soil in -places "-appears to be. deep. The deep soil may overlie soft crumbly 
porphyry. Over wide areas the soil is shallow. 

Figure 3 clearly shows the distribution and type of outcropo The 'northe:p1 
outcrops of porphyry along the crest of the ridges consist of low rounded outcro:ps 
of fresh blue-grey porphyry with well-marked layering and subhorizont~ jointing. 
The outcrops farther south consist of low slabs with rounded boulder~lightly , 
weathered porphyry; the porphyry is composed of red iron-stained phenocrysts of 
quartz and phenocrysts of sericitized plagioclase, set in a grey iron-stainen .. 
matrix. A few outcrops exhibit well-marked banding and prominent jointse oUtcrops 
are sparse in the southern part of the area; they consist of low slabs of we?-thered 
porphyry with wide open jOints, and are surrounded by boulders. 

The road between the magazine and the trigonometr:i..cal station has been 
excavated into Beft crumbly porphyry composed of c+ystals of red and glassy quartz 
and soft sericitized feldspar, set in a soft pale-brown and white matrix. This zone 
of altered porphyry may be an extension of the deep zone whichttends south-eastwards 
from the south-western corner of the main quarry. 

Over twenty feet of crumbly weathered porphyry is exposed in the access roads 
to the crushing plant to the south of the area. The solid porphyry (types a and b), 
appears to be of "similar quality to that being worked in the main quarry and is 
presumably suitable foraH purposes for which the present quarry output is used 
(but see below) • Experience in the present"-quarrysuggests""that'sounduseable~f3( 
underlies "the weathered- porphyry ~type c), "but at what' depth is at present unknown. 

No -deleterious"minera.1B,"Such"as sul-phides 'orchalcedony~were "noted in any of 
the "outcrops in the area "of- the--proposed"extension. However, chalcedony "has "been 
found invugs and v.einlets in the main quarry; pyrite has been reported from Mugga 
Hill (Mahoney" and '"Taylor , 1913 ) ,"and "galena "has-""been "found in Mugga Porphyry, a 
mile "to "the south-east 'of" the quarry (Oldershaw, 1965a). 

It iscconcluded that there is a substantial" volume "of "rock, of similar type 
and .q~lity to that in the existing quarry, available for exploitation. Further 
work.i's needed to delineate the sound rock for purposes of volume estimation and 
quarry design, and to verify the suitability of the sound rock in the area for 

use as concrete aggregate and for road surfacing. Additional work is recommended 
in the next section. 



RECOMMENDATIONS' 

A seismic timer survey over the area of the proposed extension is 
recommended to determine the depth of over-burden. Owing to the high neise 
level in tile area it is adv1aable "~o use detonatofs or explosives when 
~~rrying out the seismic survey.. fr this is done some. information may also 
be obtained on the distribution of unso~d rock o Thl. depth of overburden, 
and the occurrence' aud,depth of zones of ~oft crumbly porphyry should be 
p:,rovedby per.cussion ,:dtilling on a grid l?attern. Samples of the solid 
porphyry for petrographic examination and: physical testing should be 
obtained from a few diamond drill holes. ' 

A grid pattern for percussion drilling has been proposed (Oldershaw, 
1965b) and was pegged out on 6th July, 1965 (Figure 5). Examination of 
chips and dust from the drill-holes and a study of their depths would 
determine the depth of bedrock and would delineate any zones of soft crumbly 
porphyry. A proposed pro forma for logging each drill hole is give~ on 
Figure 6. Changes in colour of the chips, changes in drilling rates, and of 
the depth at which solid porp~y was emcountered should be ~tede 

,Three diamond drill holes,,"arerecommended (Figure 5) ,to 'be drilled 
verti~.ally to,thef'loor level of the quarry 0 The yoresoshoulti be-examined 
petrographically in detail to study the alt'eration of the porphyry and look 
for deleterious minerals 0 Samples of core should be subje'cted to the usual 

.. tests for strength, re~tivity with cement, resistance to abrasion, 
durability, bonding with bitumen, and ady-othe~tandard tests to prove the 
suitability of the material· 1"01- use· saT cwwretefOitumen aggregate. 
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