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The geology of the area investigated consiste of a
highly folded eequence of metamorphosed sedimenteary rocks.

Roek typee encountered were interbedded slates,
sandy and ealeareous schiste, sanistonsaa, iimsstones, marbles
and mica sohisis, The only representatives of' ignecur activity
are hydrothermsl quarts blowe and altered dolerite dykes,
Remnants of Tertiary sedimente are found op the highsr portions
of the upfsulted EKsnmantoo Series (older rocks of thiz sres),

Special conmideration was given to the structure of
the area, but intezrpretation wae rendered difficult by the
lack of rock outorop snd marker horigons, However the
Eanmantoo eeries have suffered an east=weet sompression which
heas brought about intense folding in the form oFf = major
anticline and syneiine with associated minor folds,

A tertisry fault separates the elevated Kanmantoo
Series from the flat Tertiary sediments of the Murray Plains,



Reason for Survey
The £ifty aquare miles of mapping wae carried out

as part of an Honours B.Sc. course as an é¢xercise in geologiecal
Tield technique anéd interpretation,

The area under consideration is resismguiar in shape,
being 14 miles leng in the east-west direction and 3} miles in
the novth-seuth and forws parts of Lhe hunireds of MoORPOOYLO,
Jelliooe and Bagot whieh are inolwded 4p the Cambral Eilitary
gheel, The rzd crass-hatehed poriisn on the attached loeality
map (Fig.1) represente the area studied,

lnvestigation Nethods

Adastra aerial photographs were used both in the
preliminary studies and in the ectual field work. The
preliminary studies incluisd siereéosgoplc exmamination of the
photographa ip an sttempi to determine strike trends, structure
awd litholorieal changes, From the photographe a slotted
templats plot wae mede osing ¥ilitary Trig statione as control,
The template wae them uzed &8 & control im the tracing of a
"XKodatrace" master msp from the air photogrephs,

in the Tleld, gzologloal fesct was ploited by wax
pencil directly onto the atie photographe apd transferred at a
later date %o ithe manter map, The area of study wam covered
by & seriee of saste~wost traverses (acroms the genzral strike).
In the saetern portion most of the traverses were confined to
the oreeks because roska were betier exposed and travel easier,
In the weat, however, the traverscs were not eo regular due to
the paucity of roak outerop,

Strike lines which were traged directly from the air
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photographe were treasted ae factual and interpreted atructure
wag shown ae dashed form lines,

Ereviocus Geological Work
The only previous published geological work is a

survey by Dr. PsS., Hosafeld "The Geology of part of the North
Mount Lofty Ranges”. Since Hossfeid's work was of a regional
nature liitlie detailsd correlation can be made with the present
Burvey.

There are aleo five unpublished worke dealing with
aresp in the southern portion of the Cambral Sheet by Meners,
Rowley, Markham, Harms, Keewbaldhoon and Miller, The areas
studied by theese investipgators are marked on the locality map,
The mapping carried out by the writer has been correlated,
where possible, with these previous workers,

J.D, Campbell of the I.0,I, Company conducted a
detailed search for msrble in the Angmston district snd
references to hie work will be found later in the text,



The aren studied forme part of the Mount Lofty Ranges,
To the eant extend the broad, flat Murray Plsins whish, with an
average rainfall of about {0 inches, are suitable for cereal
gropping and sheep raising. From the wurray Plains a rise in
slevatien of sbout 600 feet to the west ie brought sbout By a
north-south fault scsrp, The topography of the eastern portion
of the raised block 15 governad by the rapid water rum off from
the soarp, Ths Lrcllie type drainage pattern has cut deep
gullier in the glf peneoplened surfase and produced en ailuvial
apron at the base of ihe agarp. There is very little sell
gover along the eastern margin of the elevated block, the country
being meinly used for sheep and eattle grasing, Farther to
the west the streams cui cheough herd and zoft rgek slike; the
dendritic pattern being superimposed from the drainage syctem
which existed in the now eroded Tertiary rocks. Howevar, in
places the privers seem to be governed to some extent by the
regional southerly plteh of She elder rocke,

With thke deoremsed stream activity im the west there
i® su inorease in ecil cover xhigh is sultable for grasing,
cropping orchards and vineyards,

The wator 4ivide between the trellis and dendritic
typy drainage approximates to a line deawn northe-south through
Gippe and Mone Iriz mtaticns,. The actual poslition of the water
d4ivides im controlled by the wesiward advance of Lthe headwaters
of the streams that are governed by the fault movement.

The more resistant nature of the guartzites in the
upper beds of ke Pine Hut Formation aleo affects the position
of the water divide, ZIi can be noticed that a tepoppaphic
high follows the oulerop of the massive sandetones and guartsites,

Due mainly to agricultural asctivities the area is not
thickly vegetated, the timber being msinly large eucalypts with
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some sheoaks in the lower rainfall districte. Accessibility
@f the region of study ia good because of the agricultural
clearing and well serviced roads,

The average annual painfell (30 years 1911-1840)
of the major towne in the area is

Angaston 2219 inches
Keyneton 24,48 °©
Sedan 13 55 "



Genersl Ceology and Stratigraphy

The nomenclature of the formations desoribed in thiz
report gorresponis as nearly ae poesibles to that introduced
ipn previoue unpubliched werk. Changese have been made in roeck
slasslifications but the originel names have been retained where
gorrelation hes been possible.

The greater part of the area studied consiste of a
metamorphosed sedimentary sequence which ie thought by lHosafeld
to correspond Lo Lhe Adelaids Cymtem (Proterogoic) while a
lower Paleaecsolc age has been suggested by gihers,

Hossfeld first named this rock seguonce the "Narcoota
Series™, but in more recent times ihe mems Kanmsntoo Beries
hae been generally used,

Dr. Campana of the &.A. Mines Depariment conslders
that the Angaston marble horizon corresponds stratigraphically
with the Archeoceyathinae limestones of Sellick's Hill and the
Rapid Bay marbles (Cambrian).

Thiz theory would make the more arenageous sediments
which overly the limeestone horiszons in the Combrai distriet
Qambrisn or younger in sge.

During mapping in the Angeston-8edan district the
rook sequence has been Aividsd on a lithologicsl basie, into
two foramtions -

{1) Saunders Creek Formation {eides)

{2) Pine Hut Pormation { younger)
The Saunders Creek Formation includes -
Marbles
Limestones
Blates

Quartziter and Sandetones
Schists,
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Although many of the Saunders Creek memberse are arenaceous,
a fairly sceurate contact ean be placed between this and the
Pine tut Pormationm which consiste of sandstones, quartszites
and micaceous sandotones,

Both theee formations I regard as members of the
Kanmantoo Eerlee,

Ao for th: age of the Kenmantoo Series, little
information can be goained from such a limited srex; but a
study of previous wo'k in the Flourler Penineula indicates
that the Kanmantoo Series lies stratigraphicelly sbove the
Adelaide Bystem,

Previous geologiesl reports by Rowley, Harmse,
Merkham, Keewbaidhoon suggest three arenacecus horizons in
the KEanmantoo Series ae seen in the Cambrai district;-

{1) Keynes Gap sandstone
{2) Somme River micaceous quartizites
{3) Pine Hut quartsites,

Since the boundsry between the Somme River micaceous guartsites
and the Pime Hut guertsites is gradationsl and Sthe differsnce
in rock iype vague, the writer has renamed these beds the
Pine Hut Formation.

The Keynes gay sandstones which were previously
thought %o lie stratigraphicslliy below the Baunders Creek
Formation have now been identified =zs being the Pine Hut
Formation. Thie correlation was brought sbout by a change
in the interpretatisn ¥ structure in the areas studied by
¥iller and the writer,

Tt wlll aleo be moticed that the pame Saunders Creek
Vormation has been substituted for Saunders Creek marbles and
schiste; this change wse considered necesesary eince the
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descriptive name A4id wot include &il rock types assocliated with
the marbles,

The sedimentary hiestory of the area may be summariced
af followe -

£4) Deposition of the Baunders Creek and then the
Pine Hut Formetions of the Kanmantoo Seri#z, The depozition
of these bede Look place under shallew merine conditlons® in
lower Palaszosolc times,

{2) ATwar iong erosion and peneplenation Tertiary
marine sedimente whish included limestones, gravels and
arglillsgeocus beds were deposited. The Tertiary limestones
are, although coversed by soil, are shoun by boring %0 be
extensive in the Murray rFiains. On the uplifsed block =il
that remeins of the Tertiary sedimentation are gravels which
ococur on some of the higher hills.

Lateritic and keeolinitic cappinga are slsy present
on some of the hille, These sre considered to be remmants
of the old peneplaned surface, which have, by reason of ihe
resistant limonite, withstood erceion after ihs Tertiary
faulting, An exsnple of this kaoliniiie laterite cam be found
on Berren Hill nesr Keyneton,

(3) mz=oent to present slluvium, grevel and boulder
deposits are apsociated with the existing drainage patterns.
Kunkar, is well developed over the marbles and lime rich
hordsons.



Ssunders Creek Formatiop

All members of the Saunders Creek Formation are fine
grained and thin badded. Marker horisone are lasking and
eonfusion is introdueed by the Lemssd amd dlseontinucus nature
of some af the limestone sud merble horisems,

Some of the horiscne are well bedded and all contain
Tine graiped silien in varying amounts,

Argillegeous membere ¢ the Saunders (Oreek Formation
ineiude grey and browa siates greding imito calearecus and mica
gohists,. These beds are best Feen in the eastern outaerops near
the Murray Range {aulf where metamorphizm is of a low gradse,
™hin, Tine grained sanistones snd quartmites oceur iresgularly
in the fermaticn: Darg coloured magsive blotite and muscovite
schists of variable thickncss form 2 conziderabls poriion of
the Saunders Creek Formation. Onre has 1o be axercised ip
rock ldentification due to the inersase in grade of metamorpbiem
from east to west which is ilkely toc bring about textural
changee within a partioular horizon. This change in metamorphism
may b the explanation of the abasmoe of slates in the western
outerope of the Saunders Creek Formatiom, I{ i1& conslidered
that the slates have been metamorphosed o mien sghist,

Caieareous bede ranging from iwmpure limestone to pure
coarsely crystelline marble are comsson ip the Szunders Creek
Formation. The celearenus beds of the eastaern gulorops are
mainly impure limesiones imeluling & dark sassive varlety and a
highly ahecred, pariially mineraiised horizom. Mardle i3 not
cowmon im these bade although smell knote can be found in
strueturally favourszble locetiona, The outerop of the lmpurs
limestone is not good snd in most cases the beds were irmased by
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thelir kunkar capping and topographic depressions (brought about
by their eaz!ly weathered nature),

it the highly folded western district, im which
incompetent rock flowmge iz dominamt, there are large ocourrences
of merble. Varietics of marbie feurd inelvde -

{1) PFine-grained, blaek marble
{2} cCoarsely erystalline

white

yellow

- blue marbles

pink

green
Marble outerops are quite common in the Baunders Creek Formatlon.
Eowever extensive hunksr occcurrences in the Angaston district
suggest the presence o7 lime rieh beds {prodably marble) which
Ao npot outerers

Assoclated with these kunkar formations are secondary
and lesched silien deposits, Srecimens of vein ehalecedony were
obtained from a road cutting cnear the Ymiumha Wimery, In a
emall moarble gquarry nesF Lindeay Park some weaihered marble was
found which contained dbundles of {ibroue blue grey asbestos of
the Tremolite=Actincliste family.

The besi oulereps of the Saunders Creék Formation are
to be found in the deep gorges that traverse the strike of the
rocks near the Murray tange fault.

In the weatern portionzs of the area the Saunders Creek
beds have acted ineompetcntly, bringing sbout thickening of the
noses and thinning on the lisbis of the ¢ ¢



Eine Hut Formation

From the predominantly argillacecue and calcareocus
rature of the Saunders Creek Formation there is & gradation
into more arensceous beds of a younger age, Tkz boundary
between thesz t¥o rosit typee is by ¢ weans aharp and the
ddvision as indleated on the geologicnl map must be accepted
ag approximats,

The arenaceous beds have been named the PFine Hut
Foramtion, wWhieh corresponds to the Somme River and Pine Hut
beds of previous workers,

The basal beds of the Pine Hut formalion consist
of sandy micaceous schist, micascsous sandstonee and quartsites,
Thaes beds are Aark in colour, £ine grained and are ofien well
bedded with occaslonal storm bedding.

The npper membere of the Pinz Mut Pormation are massive
fine-grained sapdztones end ouaprisites. B244iny and storm
bedding are well developed in plases, The unweathered rook ie
1ight in coleour sapd consiste mainly of quarts with subordinate
Teldzpar and biotite. The sandstones; on weathering, assume
a pred colour which ie preobably due to she oxidasion of the ironm
rich accessory minevrsic. The upper quartsites and sandebones
are mach more resictant Ly ¢rosion shan Ghe lowesr mors migageous
membere of the Fine Hut Formation., This differsmiial weathering
produces & ridge which colneldies with the water divide.
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Laneous Activity
Tha oaly ¢vidences of igneous activity obeerved in

the area investigatsd are several dolerite dykes and numerous
hydrothermal quarts biows sll of which occur in the highly
folded portions of the Saunders COreek Formation. The deleriies
appear Lo heave # close affTinity fer the marble horigone, slnce
all she deleplies found wers within the merbles., Ope delerite
dyke cecurs in s emall guarry near “"Lindsay Perk"” ectate while
ssveral cceur in Sibley’s end Y,0,%. quarries. The dolerites
have sufferszd muel: alteration and may be oclacsed e amphibolites,
Ths Teldspars have been largely saltzred to seswelits., Othes
minerals, cecurring as medium grain siged evystals are hornblende,
plagioelams {indzsine), apstite, blotite spd megnetite, The
dykes themselvee are unsheerzd irdiemting that they must have
teen introled im paet folding times. The dolerites follow the
jeints in the marble with very eharp contecte end on the average
are about six feet thick.

The hydvrothermel quarts blows occur ns milky white
stocks and nirike dykez snf epre sesceiated with cerizin styuesural
‘Teatures., They oocur elony the noses of minor felds snd in
pther tightly foldsd areen ae ssen st Cenien) ¥ill, ftem the
quartz blows from ihe recistant core to smell nills.

The age of tie ipnvous aetiviiy is uncertain, but the
aesocistions wnd structural comtrel indiomt® that they mmst
be posit felding.



Eost Esnmantoo Deposits

Bome of the higher hills, such as Barren Hill, are
eapped by lsieriie, These capplings are typlical surfses
deposiis formed sfter peneplenation, The laterite coneists
of loached limonite with some hematite snelosing pockets of
white kaelin., X% seems that scme portione of ths original
Laterite muet have been slightly more resistant and have
survived denudsticn te protect the underlying sedimente, fillis
produsad by thie protestive actlion are commonly steep sided and
smmil in ares,

Frevious investigatore report the finding of gravels
(Tertiary) underlying the lsterite. . However, none was found
in the particulsr area studied by she writer, Surface travertine
deponites of a much younger age than the lstarites overly the
Kanmantoo Geries especially in tha Angaston distrigt, Therz ie
& close assocliation Ratween tha travertins sni the marble-
iimestone horizons of the Sesunders COreek Formstion, Thera ie
also extensive travertine covering the Tertiary sedimente of the
Murray Flain, to the east of the fsult sosrp, which were not
etudied by the writer,

Boll cover ie sbundant in regions to the east of the
Somme River, being particularly thick in Sthe vieimity of "Lindsay
Park" and "Collingrove® estates and asngaston,



Under conditions of deep burial, the rocks of the
Kanmantoo Seriee underwent deformation by the aetion o a
etrong east-west coupréssional fores, Gowditions of felding
were such that even the quartsites and sandstones of ths Pipe
Eut Series, as evidenssd by dwag foldimg and contortien,
responded incompetently. The Baunders Croek beds gield=d to
the eompressional forcs im & highly incoempetent manner bringing
about grest complexities of structure,

There are &0 main structursl unite in the area
studied, one is @ morth pitehing {average of ﬂﬂp) ayielin® whose
axial Airection iz approximmtely north=south and the other a
south pltening (ao‘~3n°) antieline of the seame azial direction,
The change of plunge between these two structura’l vmites takes
plese ir @ mone of shesr {(within the Saunders Ureek Formatiom)
that =ums in the zzial Sirsetien through “"Xeyneton Estate",

For the purposes of this report this shesy will be referred to
a8 the Bowmas River Shear,

Theres iz ii%tlz surface evidence of the sone of shear
exgept the abrupt change in plteh of the sediments on either
#ide, The movemeni of the shear must have been of the hinge
type, that 43 the sastern bleok waeg tilted s the nerth whepreas
the western tilted to the south, It is the writer's opinion
that the movement waés uet teken up by any partionlar horisen
but rather by %he highly ineompelent Saunders Jvrevi Formation
ap » whole. Previous investigatora have noted the change of
pitch between the major syncline and antieline, but 214 et
offsr any cxplenation apart from the imglusion of & suespegted
fault whieh coineides with the sone of shzaring suggested by
the suthor,.
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Although 1t has been stated that the main structural
features are a weetern amntigline &nd an eastern syroline, the
ploture is much mors ecwplieated, The limbs of these mejor
Tolde have suffered much minor drag folding, even the sandetones
and quartszites of the Pine Hut Formation have heen 4drag {olded
end erumpled to a high degree.

The axis of the major syneline has a direction of 5°
west of north and is locsted 3 mile esst of Gipps trig stetioh.
On the east liwvb of the ayncline oncurs the Saunders Creek
Formation forming pert of the Lurray Henge fasii scarp, These
beds have undergone mimcr foldimgz =hieh 4% not mo mevere ae
enoeuntered in the nows of the westersz enticline, A minonr
synoline with assocliated drag folding and contortion was
identified in the f1:1d but 1% is possible that a minor anticline
also exists,

As stated previously, limestones and lime-rich beds
have been mapped in this region, but due %¢ the lower grade of
reglonal metamorphism, there are no major occurrences of marble,
Between the two limbs of the Saunders Creek Formation in the
synelinal trough the Pine Hut Pormatien is fzund to be tightly
folded. To the west nf the synelinal axis two minor synelines
and one minor anticline were mapped, The noses of these minor
felds ere highly contorted and it in impossidble to map all of
the etructure that oocursa along the axes of the felds.

I% will be noticed that the west limb of ths Pine Hut
Pormation is considerably thicker than the east iimb. An
axial plere fanlt {sorrssponding Lo the axis of a mimop
antlieline) has besn poatulated to explisin this diserepnney.
The movement of the fmulii was gast aide wp. The only
minepalisetion in the distriet i» associmted with this fault,
which is not considered to be aseocisted with the Tertiary
movemente, but of a rather earlier age.



fiteep dips are smlmost universal in the aynsliinsl
regicn, The average 1ip angle lies between 60%-80°. Howevar,
dipe on the weet limbe of folda are generally lower than those
on the eaet indicatimz asymmetry of felding, that iz the fold
exial plane dipe to the west. Due to the high sngle of the
majority of dipe und the severity of the folding dlp, readings
are not alwaye relisble snd care hss to be exarciszed in
interpreting structurs from them,

Measurements of dip and strike of rock Jeimtiung were
taker and 4t was found thet, within & range of up to 20% the
Jointe could be groupzd, although in any one looallty mei all
the jeimt direetiont were developed,

Axial plene bearing 170°

Teneion joimt bearimg 7%°=90°

Shear direstion joints bemring 40°-60°
120%-4L0°

The diagram (fig, 2) indicates the grouping of these jointe in
reéelation to the strain ellipecid., Gome of the variations in
joint strike can be axpleined by different rock types responding
differently to stress.

The Saundere Creek Formstion, which appears on the
west limb of theé main syneline, Swings inm a series of tight
minor folds o the west to form the nose of the south pitehing
anticline,

The form limes {dsahed lines on geologlical map) are
meant to give an indication of the type of sirueture only.
it is the writer’s opinion that the structure within the Saunders
Creek Formation is much more complicated than indicated by the
form lines, bee %o the lagk of outorop, marker horizons and the
complexity of structure it was found impossible to trace every
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minor fold, However, snough information wae gained to indicate
that the Saunders Creek beds acted incompetenily. Plastie
flowage cauned thickening in the noses of the minor folds and
thinning on the flanks,.

Although there are differences of interpretation,
the writer is imclined to agres with J.D. Campbeil's theories
of the typez of f£oiding in the Angaston area,

Apart f'rom the Sompue River shear and the East Limd
fault there 13 the wurrey Range Tsult, This fanli etrikes
northesouth end 1s sitvated shout a mile went of Towitta,
Movement, of the normal type, is considered Lo have taken place
in early Tertisry times and 188 pareilelism. to the azia)l plage
direction of earlier folding is =xplained by & pre-existing
struesural weekness. e %o the mantle of roek wante from the
elavated bloek Aepositad ip the Tault ucns, little evidemss of
the movement can be found apart from the toposraphic =lTesis,
In placing the Murrey Ramga Fault on the goslogiesl map the
rirst occurrences of Kamzanioo roaks encountered in szmt-wssy
traverses fyom the Murray FPlaine were taken as indicating the
fault's approximate position.

Previous imvastigators, working on the southern
portions of the Gambrei Wilitacy Shees, considered that the
structure consisted of & major symelime and gentle Toldimg in
the western areas, Ths writer's interprstaticn agrees with
the major eastern synelime but discounts the poasibility of
geatle foldiug o the west., This varistlon of ideams is
produced mainly by differing opinions regsrding ahratigraphy
and reglonnl pitche The stratizrephy as suggestsd im pravious
reports becomes intolersble if the ehangz im pitoh agross the
SBomme River shear 1w taken into coneideration,
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From a consideration of the mineral assemblages of
the rocke it is evident ihet the area studied hae been affected
by & reglionsl metemorphism of the albite, epidete, mwphibslite
facies (mub-fagies ohlorite, mimandine). Previous reports
indients that there ie an increase in the grads of regional
metamorphiam ¢o the sowth, bringing adout grenitisation and
asspolitisaticon, In the area investigated there is aleo a
motamorphie gradient from east o west which is indiemted by
the more schistose nature of the western outecwaps of the
Saundere Creek Formation,



Along & Righly sheared limestone horizon associated
with the Emst Linmb fault, several smell mine workinge were found,
Although there were no surface indications of mineralisation,
samples were takem from the dumpe and the following minerals
were identified;:-

Galena
Pyrites
Sphalerite
Malachite
Asurite

together withi-
trangported limonite
Kaolin
Ehearad limestone
Quarts
8iderite
Miea

The copper staining was only found in one mine dump and it wae

inferred that work had geassd within she sxidived monz simee mo
primary copper minerals were found and the shaft waw deveid of

water,

None of the mine workings investigaied were of economic
importanes, sither heving been zbandoped or worksd on a part
time baais by private individualiz.

The maet important economic minersl in the Angaston
district i@ marble, Two major marble guarrier s»e worked in



the area; they are -
(1) ZafiaZe Quarey
- Large recarves of high grade stone are availsble,
The quallidy of the stone is effseted to m minor degres by
delerila dykee, sheering and surface weathering,
Large scale developmente have beam made im recent
times to produge stone for cement manufacture, and to a
amaller dagres for the chemisal induniry,

(2} gibley's guarry

This smeller marble deposit is worksd by a pumber of
companies for monumental stone,
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{2}

(3)

h)

{3)

(6)

£73

(8)

(9)

(10)

(14}

QEQLOGICAL HISTORY

Deposition of the Ssunders Creek Formstion under
ehallow marine conditiona in lower Palaesoszoic times
(Cambriant?}

Pepositicn of Pine Hut Formation conformably on the
Baunders COreek formation under marine conditions in
lower Palaeozole Limese,

Deep burial of above Tormations.

East-weat compressional force resulting im tight
folding and lines of weaknees being developed,

Reglonsl motamorphiem of the chlorite almandine sub-
facies et the same time as, or later than, the folding.

Movement on the Zest Limd favli an! Somme River shear,
poseibly 2 later stage expreszsion eof the compressive
force,

Long erorion and peneplanation.
Deposition of early Tertiary sediments,

Movement along pre~existing axisl piame lines of
wenkness, glving riese to the Murray Range blogk fault,
The weet blosk moved upward relative to east blook.

Further Tertiary merine sedimentation on the downthrow
blook,

Formation of recent and present esolls, alluvium and
surface deposite.
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TARLE OF PLANS AND SECTIONS

Fig. 1:~ Losality map opposite page 1.
Fig. 21= Strain ellipsoid diagram opposite page 16.

Pige 31« Composite interpreted Geologioal Shoet,
scale 2" « 4 mile {attached).

Fige Ui~ Geologiesl cross section A=-B, scale 2" = 1 mile
(Itmhd).



