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INTRCDUCTION

This Record documents current knowledge of the geclogy of the area
covered by the revised 1:50 000-scale map of Canberra, Queanbeyan, and environs,
that is due to be published in 1981. It contains a full bibliography, of both
published and unpublished sources. A shorter account of the geology (Henderson,
_in-brep.), including suggested in view of outcrops typical of the various
formations, will be published in 1981 as a Miscellaneous Monograph.

The Canberra-Queanbeyan 1:50 000 geological map includes all the urban
areas of Canberra and Queanbeyan and areas where planning for urban development
is in progress or is expected in the near future. The mep and explanatory text
supersede the 1971 edition of the Canberra 1:50 000 geological map {Strusz and
Henderson, 1971). The total area of the map is about 930 km2. Grazing land,
pine forest and bushland reserves surround the present urban area. The major
transport routes out of the area are the Barton Highway northwest to Yass, the
Federal Highway northeast to Goulburn, the main coast road (Kings Highway) from
Queanbeyan to the east via Braidwood, and the Monaro Highway south to Cooma. A
branch line joins Canberra to the New South Wales standard gauge railway system
at Queanbeyan.

Mean annual precipitation at Fairbairn RAAF Base is 638 mm; this
increases westwards scross Canberra. In July, the coldest month, the average
deily maximum temperature is 11.1°C, the average daily minimum -0.3°C, the
lowest recorded is -10.0°C. The hottest month is January, for which the average
range is 20.1°-27.4°C, and the highest recorded temperature is 42.2°C.

An outline of previous geological investigations and a full biblio-
graphy for the Canberra 1:250 Q00 Sheet area to 1970 can be found in Strusz
(1971). The bdibliography accompanying these notes is restricted to material
relevant to the area covered by the Canberra-Queanbeyan 1:50 000 map sheet. The
map has been compiled from previous sources (Opik, 1958; Phillips, 1956;

Moore, 1957 etc), and from recent detailed geological maps accompanying reports
of the Engineering Geology Group, Bureau of Mineral Resources (BMR), most of
which have been included in unpublished records. A 2 km wide strip on the
western edge of the map is in part derived from the Brindabella and Tantangara
1:100 000 Sheets (Owen and Wyborn, 1979), and the Tharwa area is based on
Mackenzie (1966) and Richardson and Barron (1977), (Michelago 1:100 000 Sheet).
Major changes to the stratigraphic interpretation from the previous map are
confined principally to the volcanic rocks for which chemical analyses (to be
listed fully in Abell, in prep.) carried out recently, and used in conijunction
with petrographic studies have provided a useful correlative and stratigraphic
tool. Much of the information on which the map is based has been gained from
temporary excavations and drill holes in the urban area. Two deep stratigraphic
drill holes, one near Parkes Way and the other at the southern foot of Black

Mountain have been completed since 1971; their locations are shown on the map.
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Extensive collections of fossils have been made over the years.
However, with notable exceptions, they tend to be long-ranging facies-sensitive
forms of limited use for precise correlation. A useful collection of shelly
fossils was made from pipeline excavations in 1975 in the limestone west of
Coppins Crossing. A selection of the more important fossil localities is shown
on the map. Strusz (1975) gives details of fossil collections from Silurian

formations in the Canberra ares.

PHYSTOGRAPHY

Canberra is situated on undulating and rolling terrain interspersed
with hills and ridges lying in the catchment of the Murrumbidgee River system.
The Molonglo River, a major tributary of the Murrumbidgee River, flows west
through the central part of the city. The river has been dammed to the west of
the city by Scrivener Dam to form Lake Burley Griffin. Elevation in the map
area ranges from 440 m in the gorge of the Murrumbidgee River west of Belconnen
to more than 900 m in the ranges to the east and west of Tharwa. Most of the
undulating and rolling country lies between 550 m and 650 m forming a peneplain
with residual hills and ridges into which the Murrumbidgee River below Pine
Island and the western reaches of the Molonglo River are entrenched. Many of
thé hills and ridges such as Black Mountain and the Ainslie-Majura ridge rise
steeply from the peneplain tc form prominent topographic features. A detailed
classification of landforms in the Canberra region is given in Gunn and others
(1969).

The origin of Canberra landforms is discussed from different approaches
in a number of papers beginning with Taylor (1910), and including Craft (1933),
Opik (1958) and Van Dijk (1959), and more recently Jennings (1972). Prominent
amongst the processes involved are the formation of the regional horst and
graben system (see Sirusz, 1971), periodic uplift, dissection and peneplanation,
and differential erosion related to variable resistance of underlying rock. The
relation between topography and geology is evident in many of the resistant
hills and ridges which coincide closely with particular rock formations, for

example Black Mountain, Mount Ainslie and Red Hill.

STRATIGRAPHY

A summary of the main stratigraphic units shown on the map is given in
Table 1; it includes thicknesses of units and other data not specifically

mentioned below.



TABLE 1 - STRATTORAPHIC UNTTS IN THE CANBEFRRA-CQUEANBETAN ARES

UNTT OCCUFRENCE ROXCE TYPES FOSSILS DEPOSITICNAL DEPOSITIGRAL TECTONTC THICKNESS STRATIGRAPHIC AJE AND
{sYmBOL}) STHUCTURES ENXVIRGIMENT STROCTURES RELATICUSHIPS CORRELATIONS
Umnazed East of Tharwa; aleng Calcareous shale, Lingulold brachicpoda Estuarioe or Gently to strongly Unconfermably averlie late $ilurian
{$uc) Murrugbidges River in sandstone, ashstone and icanthodian spioes lageenal folded Deakin Volcanics east
several places between and toff {eani of Tharwa} of Tharwa and inter-
Lanyon and Keabah fingering with Laidlew
Pool; and north of Mt Valcanica
Stroalo
Laidlaw Volcanics West Beleonnean parth Rhyodacitic and - Hicroscopic sutaxitic Terreatrial and Oently folded in 276=400 B+ Overlies Deakin Late Silurian
{5u1) to Tass; Weaton Creek dacitic crystal texture pear lower ahallow marinas most placea Yolcanics.
and Tuggeraneng tuflf contacts (at Weston extrusives with
Creek) uiner intrusives
+8. S
{v.8. S}
Deakin Volcanics Woden, Wesion Creek, Fhycdacite, rhyolite; - Occasional flow hand- Partly shallow Folded moderats to 700 »e Conforsably overlle Lete Silurian
including Mugga Tuggerapeng, dazitic & rhyodacitlc ing, spherulitic marine, partly gentle dips, sccas- YTarralonla Formaticn;
Augga Porphyry Beleonnen, weat of crystal tuff; tuff; tertare In Sud, in tarreatcial? Lonal alight overlain by Laidlaw
Hexber tsunT 10° Gooromen Ponds minor agglomerats, Weaston Creek area folimtion (e.g. 1o Volcanlce and, #ast of
Sad ) = ashatons, tuffeceous Unit Sod,} Tharwa, by unnased
sandatone & shale usit Sue
Tass Sub-Group Belconnan &p Suy is Suy - i Suy Folded, generally PR | Conformahly overlles Late Silurian; probable
{Sun) gentle dips Hawidns ¥olcanics; correlate of Tarraluala
<onforeably overlailn Formation
by Demkin Volcanies
(Sud‘_r)
Yarralumla Yarraluala, Hughes, Calcarecus and tuff=  Brachiopods, tril- Smail scale carrent Shallov marlne Folded, moderate Yariable from Conforeably? overlies ilate Silucian, probable
Formation Daakin, Rad Hill and aceous shale and obites, corals, and graded badding dipe 100-300 = Mount Painisr ¥olcanies; correlaie of Yasa Sub-
{5uy) Lyone sandatone, taoff, bivalves, brycoxoads, overlain conformably by Group

Colinton Yolcanica
(S0}

Cappanans Beds
{sal)

Mount Paintar
Volcanics
(gab, sab, .2)

Walker Volcanica
(5.!1-‘,

Havkina Velcanica
(san, )

Apelie Volcanics
{s0a, )

Paddy's River
Yolcanica

{s=p)

South of Queanbeymn
axtendicg southvards
tovarda Cocma

South of Guesnbeyan
aleng Quepanbeyan River

Coppins Crogaing to
to Narrabundah; weat
Belconnent

South Baleonnsn to west
of Murrusbidgeas River

Balt extendlng north
from Beleonnen

Ainslie=Na jure-Gooroa
ridge, south af Fyshwick,
eaat of Canberrs Airport
and Majurs Road

Wear Tidbinbilla track-
lu“ut.lun in Sheat
ares,

limestome, hornfels

Dacite, tuff, mimor
lenses of shale, and
slltatone

Lisestone dolomite,
marble, slaty shale

Ducitlic crystal
tuff; =minor agglos-
erate, tuff, ash-
atone, shale, mand-
atons and rhyolite

Ducite, rhyodacits,
rhyolite, shale,
limestane, sandstons

erinaids

Hot found in Sheet
aren, Brachiopods,
trilobltes, coral
to muth

RoL prasarved in Sheet
arsa, Prachiopods,
cerals, trilobites to
south

Trilobitaw, comodonta,
brachiopodn and corale

Dacite, dacite cryatal Brachicpeds

tuff, agglomerate,

quart: andeaite, minor

shale, \uff

Dacite in part foli-
ated, agglomerats,
quaris andesite,
andesite; minor
rhyolite, tuff and
shale

Grey to green daciie
and tuff, lenses of

lioestone, calcarecus

shale and phyllite

Nones found

Xenolithe of Lgrneous
and sedimentary origin,
local banding

Biceclastic limestone
nodules, and slusping
in sediwenta

Flov banding

Rudstooe inclusions
in velcanics, flow
banding -

Shallov marine,
poseibly in part
tarrestrial

ip for Canberra
Pormation

Submarine and
terrestriad
extrusiven with
posaible mioor
high lavel
intrueives

Shallow marine,
and in part
terrestrinl

4s for Canberra

Formation

is for Canbsrra
Formation

iy for Canberra
Formatioo

Mostly stronogly
foliated

Sirongly folded,
wull davelopad
clanvage

Probably folded

Oently folded

Jentle to moderate
folding; veak fol-
ietion Jocally

Gently to siromgly
folded, in part
strongly foliamted

Hot relisbly kmown
but probably largs
00 m?

Varisble
60-700 =

Fot Imown but
probably large
1500 m T

Dealdn Volcanics

Overlies and interfingers
with Cappanars Hedaj
probably wnconforeeble on
Pittsan Formaticn

Interfingers with basal
part of Colinten Valeanica
in sheat area; inferred
a3 much for structural
Teasons,

Overlaln by Yarralumle
Formation; base not
srposed in type arss;
probably interfingsr with
‘higher parts of Walker
TVolcanics

Probably interfioger with
Mount Peipter Voleanics;
contacts with other fors-
ationa ip Sheel ares all
faulied. Topmost volcanic
unit (Sew } alightly
waconformable oo rest of
sequence

Ceonforsably overlia

Canberra Formation,

overlain confarmahly
by Yass Sub=Group

Conformably overlies
Cacberra Formation with
some interfingering;
topmopt part not
preserved

All contacts faulted or
with {otrusives in Shest
area; overlis idaminaby
Beds about 2 Y porthuest
of Tidbiobilla tracking
station

Middle or Late Silurisn

Nddle Silorien?

Middle Silurian

Middle Silurian

Middle Silurian;
correlate of hinslie
Yolcanica and Walker
Volcanica

Middle Silurien;
correlate of Hawkins
Volcanics; (includea
former "Gladefield
Yolcanica®)

Middle Silurien
correlate of dinslie
Volcanics and Cenberra
Foraatieo?



TABLE 1 {continued)

UNIT COCCURRENCE ROCK TYPES FOSSILS DEPOSITIONAL DEPOSITIONAL TECTONIC THICKMESS STRATIGRAPHIC AGE AHD
{SYMBOL} STRUCTURES ENVI RONMENT ' STRUCTURES RELAT{OISHLPS CORRFIATTONS
Canberra Forzaticn Belt (roa north Canberra Calcareous and argill- Brachiopods, trile— Ripple, current and Shallow marine Folded generally Sac 1000 B+ Cazp Hill Sandatone Hiddle Silurlen; correlate

(Sec, Sac

Sme
(S}

1-3*

Black Mountain
Sandatone
{slu, S.lhnl

Siate Circle
Shale
{Sls, Slp)

Adweaipaby Beds
(e}

Acton Shale Meaber
[oua)

Pittamn Forpation
{0p)

threugh City B111 and
Reld to Kingatom,
Fyehwick, Majurs Road,
Gungahlin

Black Mouniain, northeast
Belconnen, Jarreboobarra
Hill, Cepital RI11

Capital Rill, flanka of
Black Mountain, Jerre-
boaberra Hill, northeast
Belconren

Bullan Rarnge ares west
of Tuggeranong

do Omp

Enst Belconpen apnd
woridicnal balt feom
Queanbeyar Lo Sutteon

arecus siltstone and
rudatone, lipestons;
pinar argllleceous and
wuffarsoun sandatona,
ashatone, tuff, dacite,
calcareous sandstone
mnd hornfels, slaly
shale (Stb)

Massive to thickly bedded
fine-mediva grained quartz
sandatone with a few thin
shale end shals breccia
interbeds; niner micaceons
and feldspathic sandatone
{s1g)

Clay-ehale and sillstone,
minor sandatons; sudatone
(s1p)

Sandstome, siltetons,
chale

Grey Lo black, silicecus
graptolitic, lamipated
shale

S11ty quarty sspdatone,
feldspathie sandstone,
Ereyuacks, micacecus
eiltstons and ahale,
radiolarien chert,
phyllite

bites, corals; moge
bivalves, crinoids,
ostracodes and cono—
donts rare graptolitea
{nerih Gungahlin)

Worm casts

Oraptolites; in part-

icular Moncgraptus
exiguos

Oraptoliten

Grapto]ites very
coEmOn

Craptolites, radic-
larians, rare brachio-
pods and conodanta

graded bedding, wimor
#slusping; liesegang
rings comzon in ailt-
stone

Current &nd ripple
cross=bedding;
slurping clay pelleat
bands

Slusping; lanipations
almoal ubiguitous

Graded bedding leains.
tione, crosa bedding

laminntions

Rhythyic sedimeniatien,
current bedding; lamino-
ations in some pelitle
bedns, graded bedding

Probably ahallow
marine

Marine, depth
uncertaln but
probably mot
shallow

Marine; flysch
sedimentation

Harine, depth
uncertain;

with ecderate dips;
clenvage well dev—
eloped in mudstonaa

in Sls

Qently to atrongly
foldsd, locally

overturned bedding;
eleavage in placen

s Oup

is Oup

ponaible waffacecus

origin

Marige, deplh
uncertain chart
poagibly related
10 remote volcan—
1em, Ho chert
mbove Cua

Comonly strongly
folded; folds may
be imoclipal and
overturned in
places, Moderate
10 ptrong clenvage

(PCa=p Hill Sand-
atone” at base
0-60 B)

A5G e

100-700 m overall
(51p 20 m thiex
at (iralang)

Rot knevn

Varisble to

m

Est. 6800 m+
at Belconnen

Member at base uncon
formable on State Circle
Shale, Black Mountain
Sandstone and Piiiman
Foreation; cverlaip
copforgably by Adinslie
Volcanies apd Hawking
Volcanice

Conformeble on Slate
Circle Shale; topmomti
beds not preserved

Overliea Pittean Forms-
tion; overlain uncon-
foruably by Caep Hill
Sandatone Member {Swoc )
and by Sac_(at Giralng)

All contacts laulied or
with inirualves in Sheet
aren; overlalp by Peddys
River Yolcanice 2 km
northwest of Tidbinkille
tracking statice

Conformable wiihin Cmp;
beundarles gradational
ovar showt 1 o

Baga not kmown; overlain
diaconforsably? by eacly
Sllurian foreations;
overlain unconferoably
by Camp Hil]l Sandatone
Mezber {Acton)

of Weeloeed Perk Foroalion
and Cappanana Beds

Enrly Silurian

Early Silurian {]late
Llandovery io upper
part)

Late Ordovieimn,
correlate of Plttoan
Torpation

Late Ordevician
(Eastonian}

Niddle to late
Ordavician




ORDOVICIAN

Ordovician rocks form the oldest part of the sequence in the Canberra
region. In the Sheet area Ordovician rocks occupy & fairly extensive meridional
belt north from Queanbeyan, and smaller areas around Black Mountain and west of

the Murrumbidgee River.

Pittman Formation and Acton Shale Member {Omp, Oua)

Opik (1954, p. 136; 1958, p. 12) defined the Pittman Formation as "a
rhythmic sequence of sandstone, micaceous sandy shales, mudstone, black argilla-
ceous shale, and chert (radiolarite)". The type localities are in creek beds
vest of Black Mountain, near Caswell Drive. At Aranda, northwest of the type
localities, the sequence passes up conformably into grey to black siliceous
shale to which Opik gave the name Acton Shale. The type locality of the Acton
Shale is at the mouth of Sullivans Creek at Acton. Opik interpreted all
exposures of the Acton Shale as occupying the cores of synclines in the Pittman
Formation. Subsequently, excavations at Aranda and several other places have
shown that the shale is within the Pittman Formation, and it is now regarded as
a Member of that Formation: the Acton Shale is a useful marker horizon.

The Ordovician rocks in the Queanbeyan area, which extend north beyond
the Federal Highway, were first mapped as "Muriarra Formation"* overlain by
Acton Shale (Phillips, 1956; Moore, 1957): the "Muriarre Formation" is now
regarded as Pittman Formation. To the east of Jerrabomberra Hill the Acton
Shale is conformably overlain by sandstone similar to that which forms the top
of the Pittman Formation at Aranda.

Graptolites are common in the Acton Shale, and less so in the under-
lying parts of the Pittman Formation; no fossils have been found in the
sandstone above the Acton Shale. The graptolites range in age from Middle to
Late Ordovician; the Acton Shale is entirely Upper Ordovician {essentially
Eastonian). The graptolite fauna are listed in Opik (1958) and also in Strusz
and Henderson (1971).

*Stratigraphic names that appear in this report within quotation marks are
previously published names which do not appear on the 1:50 000 scale map. The
units concerned have either been mapped as other units, or are considered too
small to show at the scale of the map. It is proposed that the units not be

retained.



Adaminaby Beds (Qub)

The Ordovician rocks west of the Murrumbidgee River have been mapped as
Adaminaby Beds (Owen and Wyborn, 1979). The rocks are similar to the Pittman

Formation with which they may be correlated.

LOWER SILURIAN

The Ordovician sequence is succeeded by rock units regarded as Lower
Silurian. One of these units, the State Circle Shale, contains Early Silurian
graptolites but the others are unfossiliferous. An unconformity between the
Ordovician and Lower Silurian rocks is possible, but nowhere has one been
recognised; where the boundary has been crossed in excavations at Belconnen the
Ordovician strata appear to pass up conformably into Silurian rocks. The
question is confused by uncertainty regarding the exact position of the
boundary, and by the similar lithologies of sandstone units in the Ordoviecian
and Lower Silurian rocks. Rocks regarded as of early Silurian age occur between

Capital Hill and Belconnen, and on Jerrabomberra Hill.

State Circle Shale (S1s)

Opik (1954, p. 138; 1958, p. 24) described the State Circle Shale as
"non-calcareous sandy shale and black shale, with beds of fine-grained sand-
stone”. The type locality is the northwestern road cutting on State Circle near
the South African Embassy. The shale is generally laminated and slumping is a

notable feature. Graptolites including Monograptus exiguus have been found at a

number of places including Capital Hill, the southern foot of Black Mountain and
Belconnen; their age is late Llandovery (Early Silurian). Contrary to Opik's
interpretation the State Circle Shale is now regarded as older, not younger,

than the Capital Hill unconformity.

Black Mountsin Sandstone {S1b)

First named by Pittman (1911) the Black Mountain Sandstone was
described by Opik (1954, p. 134; 1958, p. 7) as “"quartzose fine-grained sand-
stone, with rare and thin shaly beds". The type locality is the mein cutting on
the road %o the summit of Black Mountain. Opik interpreted the unfossiliferous

sandstone as being Ordovician, and older than the Pittman Formation, from



structural considerations. However it is now known to conformably overlie the
State Circle Shale at the southern foot of Black Mountain, thus implying a late
Llandovery, or perhaps slightly younger, age. The contact has recently been
exposed during construction of the Molonglo Parkway.

Opik alsoc mapped Black Mountain Sandstone at Capital Hill and to the
west of State Circle. Recent mapping in the area indicates a complex strati-
graphic and structural relation to the State Circle Shale, and the possibility

exists that some of the sandstone mapped as Black Mountain Sandstone is older,

not younger, then the shale.

Unnamed Units (Slp, S1b
8

Several areas of siltstone (Slp) and sandstone {(Slb ) mey be direct
correlates of the State Circle Shale and Black Mountain Sandgtone. Some of the
siltstone and sandstone has previously been regarded as Ordovician.

Unit Slp is a non-laminated siltstone which is found between the
Pittman Formation and the State Circle Shale at Belconnen; outcrops which are
possibly the same unit, also occur between Black Mountain and Capital Hill. The
shale in the abandoned brick-shale pit on Jerrabomberra Hill occupies the same
stratigraphic position as Slp at Belconnen.

- Sandstone mapped as Slb overlies the State Circle Shale at Giralang
and along the Barton Highway at %elconnen. The dominant lithology is soft
micaceous sandstone unlike the quartz-rich Black Mountain Sandstone, and for
this reason it was previously regarded as Pittman Formation; however it also
contains beds of shale breccia similar to those in the Black Mountain Sandstone.
The relstion of the sandstone to the State Circle Shale was previously unclear,
but has now been well established as overlying the shale from exposures in
excavetions at Giralang. This observation is in agreement with the interpreta-
tion of Crook and others, 1973.

Phillips (1956) correlated the sandstone on the summit of Jerrabomberra
Hill (S1b) with the Black Mountain Sandstone, on lithological grounds. The
sandstone conformably overlies siltstone and mudstone now mapped as Sls, which
places it in & stratigraphic position at least as high as that of the State
Circle Shale.
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MIDDLE SILURIAN

Middle to Upper Silurian sedimentary and volcanic rocks unconformably
overlie the Ordovician and lower Silurian Formations. In the north-central part
of the Sheet area the sedimentary rocks are extensive, and largely predate the
volcanics. However, to the south of Queanbeyan and to the west of the
Murrumbidgee River sedimentary rocks above the unconformity are minor and
volcanics apparently directly overlie the Ordovician basement. The middle to
upper Silurian sedimentary rocks differ from the Ordovician and lower Silurian
formations by the dominance gf shaly ;opgs énd'the presence of celcareous beds.
Fossils are mainly corals ahd shéily forms, graptolites being rare. The strati-
graphic position of the middle/upper Silurian boundary is indefinite throughout
the Sheet area; consequently, this section includes all those formations which

are middle or upper Silurian.

Canberra Formation (Smec, Smc - north to central Canberra)

The Canberra Formation is equivalent to what was formerly the Canberra
Group (Opik, 1954, p. 139; 1958, p. 31), later redefined (Strusz and Henderson,
1971). The former Canberra Group comprises five formations which, in ascending
order, were the Camp Hill Sandstone, “"Turner Mudstone"®, "Riverside Formatioh",
“City Hill Shale” and "St Johns Church Beds". The Camp Hill Sqndstdne rests
with marked angular unconformity on the lower Silurian formations at Capital
Hill and State Circle. Apért‘from the Camp Hill Sandstone at the base, the
other formations in the former Canberra Group are poorly exposed and have proved
difficult to'idegtify; it has therefore been found appropriate to dispense with
most of these formations and to rename the Canberra Group the Canberra
Formation. The Camp Hill Sandstone has been retained as the Camp Hill Sandstone
Membher (Smc1). The City Hill Shale will alsoc be retained as s member for
large scale detailed maps.

A dacite flow at Crace Hill (Smc } is shown on the map as an unnamed
unit within the Canberra Formation. The ﬁarrabundah Ashstone (Smec ) has now
been found to be within the Canberrs Formation, and not to be part of the
younger Ainslie Volcanics; the ashstone has been given member status, as the
Narrabundah Ashstone Member. The evidence for the revised stratigraphic

position of ashstone was obtained from excavations at Fyshwick.

*See footnote p. 3.
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The range of lithologies in the Canberra Formation is evident from the

descriptions of the units which Opik described. The Camp Hill Sandstone Member

is a "flaggy., originally calcareous, quartzose sandstone”, type locality Camp
Hill. The formation is now much better exposed in State Circle than when
described by Opik. A basal grit is overlain by beds of sandstone with siltstone
interbeds, grading up into siltstone with minor sandstone. Opik's "Turner
Mudstone” consists of “calcareous mudstone with thin layers of siltstone, fine-
grained sandstone, and occasional tuffaceous bands”, type locality Sullivans

Creek in Turner. The "Riverside Formation" is composed of "calcareous shale and

mudstone, current-bedded fine-grained sandstone, prominent limestone lenses,
tuffaceous sediments, tuff and acid flows" {(Crace Hill flow); the type locality

is close to Bowen Drive, Barton. The City Hill Shale Member is dark "calcareous

shale with limestone bands and lenses”, type locality the eastern side of City

Hill. The "St John's Church Beds" consists of "volcanic rocks (tuffs, porphy-

ries) interbedded with tuffaceous mudstone, sandstone, limestone, shale and
tuff, with limestone nodules". Apart from the Camp Hill Sandstone exposure
mentioned above, rock is not exposed at the type localities of Opik’'s other
formations.

On the western outskirts of Queanbeyan, Phillips (1956) mapped a
Silurian sequence which is now identified with the Canberra Formation. The base
of this sequence is sandstone which she correlated with the Camp H;ll Sandstone
Member. The sandstone appears to be faulted against the Ordovician rocks to the
east; 1ts greatest exposed thickness is found in quarries north of the Molonglo
River.

Much of the Canberra Formation is moderately fossiliferous (see Strusz,
1975). The most significant fossils for correlation are the pentamerid brachio-
pod Rhipidium in the Camp Hill Sandstone Member, which is now regarded as
indicating a middle Silurian age, and conodonts of late Silurian age in lime-
stone at Braddon mapped as “"Riverside Formation" by Opik (Link, 1970; Link and
Druce, 1972).

The Canberra Formation has now been extended further to include the
rocks mapped by Opik as "Fairbairn Group" (Opik, 1954, p. 140; 1958, p. 33).
His "Fairbairn Group" consists of four formations, three of which, in ascending
order, are the "Molonglo Ford Hornfels", "Molonglo Sandstone”, and "Molonglo
River Formation"; the fourth unit, the "Mahon Formation", was separated from
the first three by faults. Opik's descriptions are as follows: the "Molonglo

Ford Hornfels" is a “"calcareous hornfels with bands of impure marble"; the

hornfels is restricted to the northern edge of Fyshwick; the metamorphism is
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attributable to andesitic dykes. The "Molonglo Sandstone” is a "flaggy, quartz-

ose, calcareous” formation, whose type locality was near the former Molonglo

Village internment camp, northeast Fyshwick. The “"Molonglo River Formation"
consists of "calcareocus shale and limestone beds”, type locality not specified.

The "Mahon Formation" consists of “calcareous shale with limestone lenses ....,

calcareous shales and limestones in a near-rhythmic lamination, and impure lime-
stone beds and tuffs"; the type locality was Mahon Hill and its slopes. Rocks
of the "Mahon Formation" were first described by Mahony and Taylor (1913).

The "Fairbairn Group” is confined mainly to the Fyshwick area, but
rocks regarded as "Molonglo River Formation" were also mapped by Opik on the
western slopes of Mount Majura and by Moore (1957) along Majura Road and to the
north beyond the Federal Highway.

Opik regarded the "Fairbairn Group” as conformably overlying the "St
John's Church Beds" (top of Canberra Formation). However it is now known that
the Ainslie Volcanics are conformable on the Canberra Formation at Russell and
Duntroon. Further, the Ainslie Volcanics are now regarded as conformable also
on the "Mahon Formation" south of Fyshwick. Therefore it seems likely that the
"Fairbaim Group”" is equivalent to the upper part of the Canberra Formation.
Fossils from localities formerly mapped as "Fairbairn Group" are similar to
fossils from localities formerly regarded as "Canberra Group" (D.L. Strussz,

pers. comm.).

Canberra Formation (Smc - north Canberra)
a-e

The “Westmead Park Formation" was first named by Smith (1964), with its
type locality about 6 km beyond the northern margin of the Sheet area. Subse-
quent mapping by Hohnen (1974) and Henderson (1978c) has established that the
"Westmead Park Formation" extends south as far as Belconnen where the basal part
of the formation has been observed unconformably overlying the State Circle
Shale. This relationship, plus fossils (see Strusz, 1975), and the range of
lithologies, indicate that the "Westmead Park Formation" is a correlate of the
Canberra Formation. All occurrences on the map are shown as Canberra Formation.
Graptolites of middle Silurian age are known from rocks regarded as "Westmead

Park Formation" (see Sherrard, 1052).



Cappanana Beds (Sml)

In accordance with Strusz (1975) the lenses of limestone and shale
south of Queanbeyan first mapped by Phillips (1956) (her "Morley Formation") are
shown as Cappanana Beds (Best et al., 1964), the type locality of which is east
of Bredbo. Phillips noted metamorphism of the limestone and attributed it to
contact effects of the adiacent foliated dacite (Colinton Volcanics), which she
regarded as intrusive. The Cappanana Beds asre fossiliferous but fossils have
not been found in the Sheet area (see Strusz, 1975): a middle or early late

Silurian age is indicated.

Colinton Volcanies (Smo)

The Colinton Volecanics (Best et al., 1964} extend from Queanbeyan to
south of Bredbo. In the Sheet area they consist essentially of well-foliated
dacite and tuff with minor sedimentary lenses. A major sedimentary unit has
been mapped as Cappanans Beds (see above) which is thought to intertongue with
the volcanics in the Sheet area. Stauffer and Rickard (1966) have put forward
an explanation involving overthrusting to account for the two lenses of
Ordovician Acton Shale in the volcanics. However, if Phillips is correct in
regarding the adjacent foliated dacite as intrusive, Stauffer and Rickard's
explanation would not be required. Another possible explanation is that the
foliated dacite is unconformable on the Acton Shale.’ Contact relations between
the Acton Shale, with some associated sandsfone, and the foliated dacite are
exposed in road cuttings; the contacts appear to be parallel to the foliation
in the dacite, which coincides with the bedding in the shale. The age of the

Colinton Volcanics is middle or late Silurian.

Paddys River Voleanics (Smp)

The type area of the Paddys River Volcanics (Malcolm, 1954) is along
Paddys River south of the Cotter Reserve; the unit extends onto the western
margin of the Sheet area near the Tidbinbilla Tracking Station. It consists of
dacitic lava and tuff with lenses of shale and limestone, and is regarded as

middle Silurian in age (see also Owen and Wyborm, 1979).
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Hawkins Volecanics (Smh1 )

The Hawkins Volcanics, for which the type area is east of Yass (Cramsie
et al., 1975), are now known to extend as far south as Belconnen from mapping by
Sherrard (1952), Henderson (1975b and 1975c), Hohnen (1973 and 1977) end
Henderson (in prep.). The volcanics in the Sheet area are of acid to acid-
intermediate composition, and appear ito conformably overlie limestone of the
"Westmead Park Formation” northwest of One Tree Hill on the A.C.T.-N.S.VW.
border. The volcanics have so far been mapped in sufficient detail to disting-
uish four volcanic units; in addition, various shale lenses (Smhz) are
present as indicated on the map. Some of the volcanics, particularly the quartz
andesites which contain small and sparse phenocrysts, are chemically and litho-
logically similar to part of the Ainslie Volcanics (see below). The Hawkins

Volcanics are regarded as of middle Silurian age in the type area.

Ainslie Volcanics (Sma)

Opik (1954, p. 145; 1958, p. 54) described the Ainsiie Volecanics as
"acid to dacitic pyroclastic rocks and volcanic flows", and interpreted them as
unconformable on the "St John's Church Beds" (Canberra Formation) and the "Mahon
Formation” ("Fairbairn Group"), and, as such, probably of early Devonian age.
However, recent mapping of excavations indicate that the contacts with the
underlying strata are conformable, and the volenics are now regarded as a less-
deformed correlate of the Silurian “"Gladefield Volcanies" (Moore, 1957). This
conclusion is supported by chemical and petrographic studies. The "Gladefield
Volcanics", which Moore described as comprising "acid lavas, tuffs and ashstones
with some interbedded shales" conformably overlying the Fairbairn Group to the
east of Majura Road, have now been included in the Ainslie Volecanics. Chemical
and lithological similarity between the Ainslie Volcanics and the Hawkins
Volcanics is also evident.

Subdivision of the Ainslie Volcanics around the type area, Mt Ainslie,
has been carried out from recent mapping, and the subdivisions extended north to
Gooroo Hill. An area west of Gooroo Hill, although previously mapped as Ainslie
Volcanics, contains strongly foliated dacite similar to what was previously
mapped as "Gladefield Volcanics"™ in areas to the east. Opik's Silurian "Mount
Pleasant Porphyry"” (1958, p. 32) which he regarded as an inlier in the Ainslie
Volcanics, has been found in other places and is now considered as belonging to
the volcanies; it is shown as Sms on the map. Insufficient mapping has been

done of the volcanics south of Fyshwick and east of Fairbairn Aerodrome.
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Walker Volcanics (Smw1 4\

The Walker Volcanics (Owen and Wyborn, 1979), formerly the Walker
Member of the Uriarra Volcanics (Malcolm, 1954), are now regarded as extending
east as far as the Belconnen suburb of Macquarie, to include areas previously
mapped as Deakin Volcanics and unnamed porphyry. The type locality of the
volcanics is Walker trig, south of Uriarra Crossing {west of the Sheet area).

The Walker Volcanics in the Sheet area have been subdivided, on the
basis of mapping by Lang and Purcell (1976) and Henderson (1970a), into three
volcanic units and an interbedded sedimentary unit. The sedimentary unit
includes lenses of limestone and shale about 2 km northwest of Coppins Crossing
which have yielded & rich fossil fauna (see Strusz, 1975). The fossils were
regarded at first by Strusz as similar to those in the Canberra Group but he now
recognizes affinities with those in the Yass Sub-Group (pers. comm.); he
regards the brachiopod fauna as consistent with a late Wenlock {middle Silurian)
age. Stratigraphic considerations indicate that the Walker Volcanics are
younger than the Canberra Formation and therefore of late Silurian age if the
conodont fauna in the Canberra Formation (Link, 1970; Link and Druce, 1977) is
taken into account. Chemically the volcanics show similarities to the Ainslie
Volcanics and Hawkins Volecanics but also some differences. Field characteristics
are more akin to those of the Deakin Volcanics (see below); these include the
purple colour of some flows and a lack of andesitic flows with sparse pheno-
crysts. However, except in the rhyolite (Smw ), the Walker Volcanics do not
contain the pink feldspar which is common in some of the Deskin Volcanics and in
other volcanics near the top of the Silurian sequence. The topmost rhyodacite
(Smw4) ias slightly unconformable on fhe underlying sedimentary and volcanic

rocks.

Mount Painter Volcanics (Smb)

Opik {1954, p. 143) described a formation which he named the "Mount
Painter Porphyry™ as a "dark, massive porphyry with numerous ¥enoliths of
igneous and sedimentary origin", conteining garnet in places. Mount Painter was
designated as the type locality. Opik interpreted the formation as an intrusive
sill, and in his subsequent publication (1958, pp. 44-48) discussed this
conclusion at some length. More recent petrographic studies have revealed a

consistently volcanic crystal tuff texture, and, although locally intrusive
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relations with sedimentary rocks have been confirmed, an entirely, or even
dominantly, intrusive origin is not now accepted. It hes been deemed
appropriate, therefore, to rename the formation the Mount Painter Volcanics.
The Mount Painter Volcanics are dacitic in composition and extend from
Mount Painter to Narrabundah. Although generally massive the volcanics in
places contain lenses of agglomerate and banded tuff. A relatively high iron
content, as indicated by chemical anslysis, is responsible for the distinctive
dark red-brown colour of the highly weathered rock and overlying seil. The
fresh rock is generally dark grey or blue-grey. Rocks of similar composition
and texture to the Mount Painter Volcanics have also been mapped to the west of
Belconnen (Lang and Purcell, 1976); they are tentatively identified as Mount

Painter Volcanics on the map.

Unnamed Sedimentary and Volcanic Rocks (Smd , Smb )
1 2

Lenses of sedimentary rocks, and of volcanic rocks such as ashstone and
rhyolite which are distinguishable, from the adjacent Mount Painter Volcanics,
have been mapped as units Suf and Suo. Rocks of unit Suf probably occur at
several horizons in the Mount Painter Volcanics, and consist of sandstone,
massive and banded ashstone, and hornfels derived from shaly sediments. Unit
Suo consists of white rhyolite, ashstone and overlying tuffs all at the top of
the Mount Painter Volcanics.

Units Smb and Smb are equivalent to the rocks mapped by Opik as
the Deakin Volcanila, but wﬁich are not now mapped as such for reasons discussed
below in the section headed Deakin Volcanics. Possibly these units are rafts,
or in pesrt rafts, which may account for the intrusive relations with the Mount

Painter Volcanics observed in places.

UPPER_SILURIAN

The formations described hereunder are thought to be conformable on the
Middle Silurian formations already described, although almost all contacts are
faulted in the Sheet area. The formations cccur in much of the central-southern

part of the Sheet mrea and also at Belconnen.’
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Yarralumla Formation (Suy)

The Yarralumia Formation was described by Opik (1954, p. 142; 1958, p.
43) as consisting of "more or less tuffaceous calcareous shale and sandstone
with thin interbedded limestone”, type locality the old brick-shale pit at
Yerralumla. Henderson {1975a) discusses the lithological sequence within the
Formation and the cause of the metamorphism on Red Hill. Fossils are common in

the formation (see Strusz, 1975); they are regarded as of late Silurian age.

Yass Sub-Group (Sue)

The sedimentary rocks of the Yass Sub-Group (Cramsie et al., 1975) have
been traced to within 4 km of Hall (Henderson, 1975b) where they are conformably
overlain by volcanic rocks, which in turn can be traced to Belconnen (Henderson,
1975¢). The volcanic rocks at Belconnen conformably overlie a sedimentary unit
previously mapped as Yarralumla Formation (Strusz and Henderson, 1971) but now
regarded as Yass Sub-Group by association with the overlying volcanics. However,
the sediments at Belconnen contain a fossil fauna "not inconsistent” with a

correlation with the Yarralumla Formation (see Strusz, 1975).

Deakin Volcanies {Sud 5 Woden, Tuggeranong)

The Deakin Volcanics were described by Opik (1954, p. 142; 1958, p.
34) as "a formation of acid volcanic rocks (tuffs, rhyolites) interbedded with
tuffaceous sandstone and in places with tuffaceous shales with limestone bands,
and jasper”. The type locality was given as Red Hill Quarry. Opik mapped the
Deakin Volcanics as a formation cdnformably underlying the Yarralumla Formation.
Although volcanics and interbedded tuffaceous sediments fitting Opik's desecrip-
tion have since been mapped below the Yarralumla Formation (units Smb1 and
Smb on map), it is now evident that the type locality is in a younger
volcanic formation which conformably overlies the Yarralumla Formation. These
younger volcaniecs, which crop out extensively to the south and west of the type
locality to the southern limits of the Sheet area, have now been mapped as the
Deakin Volcanics. They now also include at the base the Mugga Mugge Porphyry
Member (Sud1) which Opik regarded as intrusive but which now appears to be an

unusually coarse volcanic rock, with volcanic features such as flow banding.
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The Mugga Mugge Porphyry Member and many of the other flows in the
Deskin Volcanics are rhyodacites in composition. Two rhyolitic units have also
been mapped. The lower unit (Sud ) is composite and consisis of several
rhyolite flows of various compcsitions and texture, together with tuffaceous
sedimentary interbeds. The upper unit (Sud ) coincides with what is shown as
the "Tuggeranong Granite"” on the 2nd edition of the Canberra 1:250 Q000 geologic-
al map (Best and others, 1964), and as the "Tuggeranong Tuff Member" on the
Michelago 1:100 Q00 geological map (Richardson and Barron, 1977); the unit is
undoubtedly volcanic.

Units high in the Deakin Volcanies (Sud ) occur to the east of
Tharwa, where they are overlain, apparently uncon}brmably. by a sedimentary
formation (Suc) at the base of the Laidlaw Volcanics (see below). The subdivis-
ions of the Deakin Volcanics, as shown on the map, have been made principally on
the basis of reports by Wilson and Newstead (1967}, Gardner (1968), Jackson
(1970), Rossiter (1971), Mackenzie (1966), Vanden Broek (1974), Ceplecha (1975),
and Goldsmith {1975b), and on reports in preparation, supplemented by further
field work and petrographic studies. More recently Kellett (in prep.) has
mapped an area on Lanyon Station to the northeast of Tharwa in great detail, and
this work has been incorporated in the map as far as practiceble. One unit
{Sud } as shown on the map contains several well-defined sedimentary and
volcanic units as mapped by Kellett.

The Deakin Volcanics are commonly purple but may also be grey or green-
grey. The Mugga Mugga Porphyry Member (SUdi) and unit Sud5 generally

contain pink feldspar grsins; unit Sud10 is mostly leached white.

Deakin Volcanics (Sud # - Belconnen)
a_

The acid.volcanic rocks which conformably overlie the Yass Subgroup in
the Belconnen and Gooromon Ponds areas have been subdivided into several rhyo-
dacite and rhyolite flows; a bedded tuff unit (Sud )} has mlso been mapped
(see Henderson, 1975¢). The volcanics are commonlydpurple; flow banding is
evident in unit Sudz, some parts of which contain pink feldspar; pink
feldspar is common in the rhyolites (Sud and Sud ), but is rare in the
lowermost unit (Sud ). The volcanics arg chemicafly and mineralogically'
similar to but not identical with some of the Deakin Volcanics with whicﬁ they
are tentatively correlated; however one chemical analysis of unit Sus shows

gimilarity to some of the Walker Volcanics.
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The contact of the Walker Volcanics with the units Sud -Sud is the
inferred continuation east of a high angle reverse fault mappeddin tﬁe Ginnin-
derra sewer tunnel west of Macgregor. The fault has thrown the Laidlaw
Volcanics (see below) to the north of it down against the sedimentary and
volcanic units (Smw and Smb?) mapped as part of the Walker Volcanics to the
south. This indica%es that the volcanic units farther to the east immediately
north of the fault, Sud , Suéd , Sud and Sud , are younger than the
units of the Walker Volganicsb(Smw1cand Smw4 immediately south of the
fault.

Unnamed Sedimentary Rocks (Suc)

Sedimentary rocks, containing interbedded tuffs in places, have been
mapped at the base of and within the Laidlaw Volcanics (see below). They crop
out to the north of Mount Stromlo and slong the Murrumbidgeg valley between
Tharwa and Kambah Pool. The outcrops to the north of Mount Stromlo are possibly
conformaeble with and belonging to the Deakin Volcanics. Some of the sandstone
and shale near Point Hut Crossing is shown as Yarralumla Formation on the 2nd
edition of the Canberra 1:250 000 geological map, but this does not accord with
the stratigraphic position of these outcrops which are within the Laidlaw
Volcanics.

The shale and coarse sandstone to the east of Tharwa mapped as Suc are
appreciably unconformable on the Deakin Volcanics, and are in turn overlain,
possibly unconformably, by the Laidlaw Volcanics. An early Devonian age was
previously interpreted for the sedimentary rocks which were mapped in detail by
Mackenzie (1966) because of the presence of Acanthodian spines in the shale
(pers. comm. D.L. Strusz), but this age is now seen to be inconsistent with the
late Silurian age of the overlying Laidlaw Volcanics. According to G. Young

(pers. comm.) Acanthodians, while more common in the Devonian, are not now

unknown in Middle and Upper Silurian formations. A Late Silurian age for these
sedimentary rocks es indicated by the volcanic succession is therefore regarded

as tenable.

Laidlaw Volcanics (Sul)

An extensive volcanic formation of crystal tuff that crops out from
Mount Stromlo to Tharwa, snd slso at Belconnen, is now regarded from chemical

and petrographic studies {Owen and Wyborn, in prep.; Henderson, 1975b) as being
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& southern extension of the Upper Silurian Laidlaw Volcanics at Yass (equivalent
to "Willow Bridge Tuff” of Cramsie et al., 1975) (Owen and Wyborn, in prep.).
The composition ranges from rhyodacite to dacite. The rock is generally pale or
dark grey and in many places contains a few small pink feldspar grains; where
pale grey the rock generally contains unaltered biotite. In some places partic-
ularly at Tuggerancng, the outcrops are not easy to distinguish in the field
from those of adjacent volcanics.

The Laidlaw Volcanie¢s are slightly unconformable on the Deskin
Volcanics particularly overlapping units Sud , Sud and Sud at Belconnen;
in places {e.g. at Pine Island) they appear to intiude associated sedimentary
lenses (unit Suc), but, as with the Mount Painter Volcanics, this feature is not
now regarded as indicéting an intrusive origin for the whole formation. Possible
roof pendants of intrusive porphyry (Sp ) and inclusions of similar porphyry
within the volcanics indicate that magme may have been initially intruded at a
high level before erupting. Thus parts of units Sp and Suc which appear to
be within the volecanics could be rafts. A gentle southerly-dipping contact
between the Laidléw and Deakin Volcanics was exposed in the Tuggeranong/Weston

Creek sewer tunnel beneath the suburb of Fisher.

HIGH-LEVEL INTRUSIVE PORPHYRIES OF MIDDLE AND LATE SILURIAN AGE

A number of unnamed acid porphyritic rock units, which are associated
with volcanic rocks show relationships with sedimentary rocks, or microscopic

textures, which indicate that some at least may be high-level intrusives.

Unnamed Porphyries (Sp1, sz, Sp}, Sp4. Sps, Sp6, Sp7)

A green-grey dacite (Sp ) was mapped as Mount Painter Porphyry by
Wilson (1961). However, from di}ferences in texture and relationships with
other stratigraphic units, the porphyry is now considered a separate unit.
Intrusive contacts with Acton Shale (Ordovician) have been mapped near the
eastern abutment of Lake Ginninderra dam.

A dacite between Hackett and the Federal Highway (Sp ) appears to
intrude calcareous sedimentary rocks of the Canberra Group wi%h some resultant
- contact metamorphism.

Coarse green-grey rhyodacite west of Belconnen (Sp ) has been mapped
as intrusive from contacts mapped along the Murrumbidgee River west of the Sheet

area (Henderson, 1975b) and in the CGinninderra sewer tunnel.
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Dykes of pink and green rhyolite (SpA) intrude volcanic rocks scuth
of Oakey Hill between Woden and Weston Creek. One of the dykes is exposed in s
cutting of the Tuggeranong Freeway.

Coarse pink-brown rhyodacite (Sp ), whose texture indicates an
intrusive origin, crops out in the Kambah area (see Rossiter, 1971)}. 1In places
inclusions of the porphyry are found in the Willow Bridge Tuff, for example on
the southern slopes of Mount Taylor. A coarse rhyodacite northwest of the
Belconnen suburb of Charnwood (Sp ) resembles the rhyodacite Sp_in
texture. T

A coarse, derk grey rhyodacite with large pink feldspars (Sp ?
possibly intrudes sedimentary rocks beside the Murrumbidgee River at gambrigg,
near Point Hut Crossing. Alternatively the rhyodacite could be an extrusive
rock unconformable on the Laidlaw Volcanics and parts of Suc. The rhyodacite

extends from Lambrigg to about 1 km north of Tharwa.

INTRUSIVES OF LATE STLURIAN AND OTHER AGES

Rock Units of the Murrumbidgee Batholith (Sgs, Sgc, Sgr, Sgm)

The Murrumbidgee Batholith is & composite intrusive body west of the
Murrumbidgee River which consists of a number of named lithostratigraphic units
(see Snelling, 1960). Four of them, the Tharwa Ademelliie (Sgr), the Shannons
Flat Adamellite (Sgs), the Clear Range Granodiorite (Sgc), and the Booroomba
Leucogranite (Sgm}, occur in the Sheet area. The age of the batholith has now
been determined as 424 *+ 2 my (Roddick and Compston, 1976), which indicate that
it was emplaced during the late Silurian. This age is consistent with the
observed intrusive relationship with the Ordovician Adaminaby Beds and middle

Silurian Paddys River Volcanics.

Greenwood Granite {Sgw)

Moore {1957) described the Greenwood Grenite as & "eucrystalline, fine-
grained biotite granite”. The granite and associated microgranite dyke swarms

intrude the Pittman Formation between Queanbeyan and the Federal Highway.

Barrack Creek Adamellite (Sgb)

The Barrack Creek Adamellite {(Phillips, 1956) is 2 medium-grained
leuco-adamellite which intrudes Ordovician and Silurian rocks south of

Queanbeyan. The origin of & marked strike swing of the Silurian rocks around
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the eastern and southern side of the intrusion is discussed by Stauffer (1967a).
Recent mapping (Henderson, 1978d) indicates that the strike swing is also

present in the Ordovician rocks immediately northwest of the adamellite.

Googong Adamellite (Sgo)

The Googong Adamellite is a coarse-grained adamellite with porphyritic
margins (see Stauffer, 1967a): it intrudes the Silurian Colinton Volcanics west

of Googong Dam.

Glebe Farm Adamellite (Sgg)

The Glebe Farm Adamellite (Strusz and Henderson, 1971) comprises
several coarse-grained porphyritic adamellite bodies which intrude Ordovician

and Silurian rocks at Belconnen.

Unnamed Intrugives {Sgh & Sga)

Sméll bodies of coérse-grained leucocratic granite {Sgh) have been
mapped near the entrance to HMAS Harman, and about 2 km to the west, near
Jerrabomberra Creek; they intrude the Ainslie Volcanics and the Canberra
Formation.

Outcrops of hornblende granodiorite and diorite (Sga) occur on the
western edge of the Federsal Golfcourse west of Red Hill. This rock is now
regarded as having been mainly responsible for the metamorphism of the

Yarralumla Formation on Red Hill.

CATROZOIC
Tertiary Gravel (T)

High-level gravels cover terraces and low hills bordering the Molonglo
and Murrumbidgee Rivers. The gravels at Fyshwick were considered by Opik to be
Permian fluvioglacial deposits, but this was challenged by Jennings (1972}.
Temporary exposures in the Googong Pipeline trench in 1976 showed blocks of
weathered bedrock within the gravel; the gravel lay on a sloping bedrock surface
and the relationship indicated slumping as the mechanism for incorporation of
the bedrock block rather than fluvioglacial rafting. The age of the gravels has
not been established, but a Tertiary or possibly Quaternary age now seems
likely. '
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Quaternary Alluvium and Colluvium (Qa)

Deposits of alluvium and colluvium are extensive in some areas, the
thickest deposits being in the Pialligo area (see Gardner, 1967). The cycles of
Quaternary soil formation have been studied by Van Diik (1959). Lake sedimenta-
tion in the Lyneham erea is discussed by Opik (1958), and the age and signific-
ance of the colluvial fanglomerate on the lower slopes of Black Mountain is
discussed by Costin and Polach {(1973).

According to Van Dijk periodic climate changes during the Quaternary
have been responsible for the layered variations in composition of the alluvial
and some of the colluvial deposits. Thus the fanglomerate on Black Mountain
would have accumulated during an arid period when no vegetation was present to
retain the soil or scree. Wet periods would have led to the accumulation of
organic silts and clays. The fine-grained aeolian sand along the Molonglo
Valley would have been derived from a dry Molonglo River bed.

The composition and thickness of alluvium and colluvium is also
governed by geomorphology and the geology of the source areas. Poorly sorted
fanglomerate and scree, commonly of considerable thickness has accumulsted at
the change of slope around the base of prominent hills such as Black Mountain
and Mount Ainslie. Some of the colluvium has then been re-deposited along the
tributaries of the main watercourses where it has become increasingly well
sorted and layered with distance from sources, and consists of clayey gravel,
s8ilty and sandy clay and sand. Well-sorted sand, silt and gravel is only
developed extensively along the Molonglo River between Queanbeysn and Central
Canberra. Along the Murrumbidgee River and the other stretches of the Molonglo
River entrenchment of the rivers has confined alluvial deposits mainly to the

bed and adjacent banks of the rivers.
STRUCTURE

Most of the Sheet area lies within the Canberra Graben (Strusz, 1971)
which is bounded on the west by the Murrumbidgee Fault, end on the east by
Sullivans Fault and the Queanbeyan Fault (see structural sketch in margin of
map). The adjacent horsts, the Cotter Horst to the west and the Cullarin Horst
to the east, consists mostly of Ordovician sedimentary rocks and Silurian
granite; Silurian sedimentary and volcaenic rocks are the mein rocks exposed in

the graben. A mejor fault within the graben, the Deakin Fault, strikes north-
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west. The fault forms the southﬁestern boundary of the Black Mountain Horst, a
fault-bounded inlier of Ordovician and lower Silurian rocks which extends from
southeast of Capitael Hill to eastern Belconnen.

All the sedimentary and volcanic rocks in the area are folded to &
greater or lesser extent. Folding is most complex in the Ordovician rocks,
especially to the east of Queanbeyan where some folds are downward-facing (see
Stauffer and Rickard, 1966). Middle Silurian and younger rocks are generally
less strongly folded than Ordovician and lower Silurian rocks. However, rocks
of all ages are more deformed to the east of 2 line approximetely coinciding
with Sullivans Fault. Considerable variations in the strike of fold axes are
related to the fault pattern. For instance, folds between the Murrumbidgee and
Deakin Faults tend to strike parallel to those faults, whereas north and north-
east of the Black Mountain Horst, fold axes are aligned sub-paraliel to the
numerous qortheast-trending faults. Aximal plane cleavage is common in most of
the sedimentary rocks, particularly in the shales and mudstones. Some of the
older Silurian volcanic rocks in the east of the Sheet area, for example the
Colinton Volcanics and part of the Ainslie Volcanics exhibit a metamorphic
foliation: the Colinton Volcanics ere also tightly folded. The presence of
foliation in only some of the volcanic rocks may indicate that these rocks were
more deeply buried at the time of shearing movements and therefore susceptible
to homogeneous deformation whereas the younger volcanics would have failed only
along strike-slip faults.

Faults in the area are numerous. Many faults have fracture fillings of
quartz and ironstone, by which they can be traced; others are evident from
structural discontinuities. Movement along most faults took place during
Palaseczoic orogenies and topographic expression of displacement has been removed
by erosion. However, some later movement along the Queanbeyan and Murrumbidgee
Faults probably took place in late Tertiary to Pleistocene times and recognis-
able scarps still mark the margins of the uplifted blocks. Most faults appear
to have a dominantly vertical component of movement. However, small strike slip
movements have been recognised along some faults such as the north-trending
fault on Black Mountain Peninsula and the fault which displaces the Deakin Fault
at Kingston. Larger strike-slip movements may have taken place along the Deakin
and other faults west and south of Jerrabomberra Hill, and along faulis which
diverge from the Winslade Fault near Belconnen Way; strike slip movements are

also probable along some of the faults in the Tharwa erea.
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ECONOMIC RESOQURCES

MINERAL DEPOSITS

Although numerous small minerel deposits are recorded in the region few
have been of commercial value. The history of mining and prospecting in the
Australian Capital Territory and environs is reviewed by Smith (1963). Relevant
data are also given in Gilligan {1979). Most of the mineral deposits mentioned
specifically by Smith are outside the Sheet area, but one is reported as about
800 m west of Hall, where a shaft was sunk on a copper prospect. Smith's
sources include references to a number of large “gossan outcrops” in the
Queanbeyan district, and another to ironstone in the Ginninderra area.

Some attempts appear to have been made to extract gold from alluvial
deposits nesr Queanbeyan. Records show that work was done at a locality on the
Molonglo River about 10 km from Queanbeyan. Another reference is to an aurifer-
ous drift on a low hill about 800 m from the centre of the town which was worked
in 1893. Gold Creek near Hall owes its name to early gold prospecting in the

area.

ROCK AGGREGATE AND ROAD METAL

Four major quarries for rock aggregate and road metal are in operation.
They are the Mugga Quarry operated by the Department of Construction, 2z quarry
east of Mugga Lane operated by Blue Metal and Gravel Pty Ltd and two quarries
operated by Readymix Pty Ltd, one about 5 km south of Queanbeyan and the other
south of the Federal Highwey immediately to the east of the A.C.T.-N.S.W.
border. Mugga Mugga Porphyry is quarried at the first two, Barrack Creek
‘Adamellite at the Queanbeyan quarry and dacite of the Ainslie Volecanics {former-~
lypart of the "Gladefield Volcanics™) at the Federal Highway quarry. Some diffi-
culties with pyrite mineralization have been encountered in the past in the
Federal Highway Quarry.

A new quarry was recently opened in Mount Painter Volcanics about 1.5
km northwest of Scrivener Dam to supply rockfill for reclamation of part of Lake
Burley Griffin for the Molonglo Freeway. The quarry has now been backfilled and
landscaped.

Various small quarries were operated before and during Canberra's eerly
development and are now abandoned. They include two on Mount Ainslie and one on

the eastern side of Black Mountain. Two others, cone in Acton Sherle west of
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Lyneham, and the other on a spur of Red Hill at Deakin, have now been filled
with refuase and covered with s0il. Limestone was quarried to a limited extent
from sites on Wells Station to the north of Canberra, and from beside the

Queanbeyan River about 4 km to the south of Queanbeyan.

STONE

Rough stone for the facing of cuttings and embankments is obtained from
Mugga Quarry and from a8 small quarry in Camp Hill Sandstone east of Pialligo.
The sandstone in the latter quarry is well-bedded and steeply dipping, and
provides a good working face for extraction of suitably sized blocks. St John's
Church was built from locally gquarried Black Mountain Sandstone and possibly

Ainslie Volcanics.
BRICK SHALE

Much of the Silurian shale in the Canberra area is suitable for the
production of bricks (see Gardner, 1960a). The major supplier of bricks in the
A.C.T. is the Commonwealth Brickworks which formerly operated the quarry and
brickworks at Yarralumla. A new brickworks was recently constructed at Crace
and a quarry for brick shale has been opened about 2 km to the northwest of
Crace. Calcareous bands and veins are undesirable in brick shale, and their
presence at both Yarralumla and Crace has presented difficulties.

A brick shale quarry was also operated by Commonwealth Brickworks for
some years on the eastern slopes of Jerrabomberra Hill at Queanbeyan. Quarrying
operations were confined between sandstone beds both to the east and the west,
and a minor porphyry dyke was centrally located in the quarry. The quarry is
now being used for refuse disposal by the Queanbeyan City Council. Other sources
of brick shale in the past have been the reclaimed quarries at Deakin Oval and
on the southern shore of Lake Burley Griffin at Yarralumla. The shale removed
when Cork Hill, in front of Parliament House, was levelled some years ago was

used for brick shale.

SAND

Before Lake Burley Griffin was formed, most of Canberra's coarse sand
was supplied from alluvial terraces along the Molonglo River in and near

Canberra (see Gardner, 1958c). Sand is still dredged from the Molonglo River at
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Pialligo, but many other deposits such as one about S km downstream from Coppins
Crossing have been worked out. Sand is known to remain beneath East Basin and
recent investigations (Goldsmith and Pettifer, 1977) have proved that sand is
present in the alluvium of Dairy Flat. Coarse sand was also won from the
Murrumbidgee near Tharwa for some years until scouring around the main supports
of the Tharwa bridge was attributed to sand removal, and forced & cessation of
operations. Sand in the bed of the Murrumbidgee River and the Molonglo River at
Pialligo is periodically replenished by sand transported by downstream by
floods. Other sand deposits along the Murrumbidgee River worked at various
times are outside the Sheet area.

Fine wind-deposited sand occurs as dunes on terraces above the Molonglo
flood plain (Gardner, 1966) and has been won from a number of localities;
nowever, all the major deposits are now worked out. Fine sand is now mainly

obtained from dunes near the southern edge of Lake George.

ROAD GRAVEL

Road surfscing material for gravel roads, generally weathered granite
or volcanic rocks, has been obtained from & number of small pits, and several
investigations from new sources have been carried out (see Hansen, 1973;

Kellett and Vanden Broek, 1971).

HYDROGEQLOGY

Hydrogeoclogical studies in the A.C.T. and surrounding areas of N.S.W.
since about 1954 have involved the siting of many farm bores, and the regular
recording of water level in the observation bores (see Burton, 1961, 1967,
1969). Groundwater is generally obtained from fractured rock aquifers with
yields mostly between 12 and 200 cubic metres per day. According to Burton
(1967) the salinity of the water is generally within acceptable limits, the
chief disadvantage being its herdness. Only 5% of analyses show total dissolved
solids of more than 1600 ppm and 53%% are less than 800 ppm. However 9% of
analyses show greater than 180 ppm of CaCO_‘5 the lower limit of the "very hard”
category. Depth to groundwater depends on location and hydrogeological
conditions; occasionally, flowing bores have been drilled, but this is attribu-
table to locally confined aquifers of limited extent, and is not a general

characteristic of the area.



_D4-

The bore locations shown on the map have been derived from the records
of BMR and the Water Resources Commission of N.S.W. Some of the observation
bores are no longer monitored as the projects for which they were drilled have

been completed.
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