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1 MELBOURNE TO ·PORT C. MPBELL 

From elbourne Airport the route 
south to the western edae of the -t he P r i n c e s H i g 11 •.-.1 a y to Gt? e 1 on g . 

1 . 1 1elbourne to Ge~long 

fol ows the Tu.,amarine Freewav -c: ty o f . el bou~ne before joining 

Between Melbourne Airport and Ge~l o r1 g the route cr osses a volcanic 
landscape known as the Werribee Pla i ns, comp r ising a 
Plio-Pleistocene sheet of basaltic materials that extends westwa r ds 
almost to the South Australian border ( Fig 1) . The Werribee Plains 
are mainly underlain by ex tensi·1e sheet flows of basaltic lava with 
some beds of ash and other pyroclastics . A few eruption points rise 
above the Werribee Plains as mounds , including Mt Cottrell (a lava 
cone) near ~elbourne , and the Anakies ( three scoria cones ) near 
Geelong. The Princes Highway crosses a number of basalt tongue 
flows with thei~ distinctive topography: these rest on the 
prevalent sheet flows and can be traced to eruption points . The 
volcanic materials of the Werribee Plains are quite commonly 
veneered with a reddish brown loess-like material . 

The western limit of the Werr:bee Plains s marked by the prominent 
Rowsley Fault Scarp . To the south this becomes a monocline with the 
basalt warped across it ; elsewhere the feature is marked by scoria 
cones (the Anakies) . The largest and by far the h1gnest group of 
hills present are the You Yangs , a residual of Devonian granite 
which projects sharply throvgh the b~3~lt plains . 

Halfway to Geelcng the highway crosses the alluvium of the Werribee 
Delta, here about ten kilometrPs across . The river has ~ut into the 
delta sediments , forming terraces and vertical cliffs . 

Geelong is the maJor port on Corio Bay, ·11hich ·vas partly formed by 
down faulting. Tertiary calcareous clays underlie basalt along its 

\ western shore . Both the Barwon and oorabool R1vers have cut deeply 
into the basalt flows, to expose the Tertiary sed1mentary rocks. 
Both ancient and st:ll-developing river terraces occur along the 
valleys . 

Last century, the open volcanic plains quickly attracted pioneering 
pastoralists who used Geelong as the port to export their wool. 
When qold was discovered at Ballarot in 1851, both the commerce and .. 
the population of Geelong leapt as it became a favoured port of 
entry for the diggings . By 1854, GPelong's population of 23,000 
made it Australia ' s third largPst town. Today with a 9opulat ion o f 
approximately 140,000 it is an i~oo rt a~ ~ : nd ustr! a l and comme rc: a l 
centre . Major industries include c ~mpn ma nu f a c tur , alu in ium 
smelting, automotive manufacturing 1 n i o i l ~ efin!ng. 

1 . 2 Geelong to Port Campbell 

The Princes Highway crosses s ub-basa ltic -~ r~ 1a ~ y : rnesto~e s an 
other sedimenta~y materials outcropping along e eas t ern argi o& 
the Otway Basin and then the lowe_ 1 pe s o f the C ~ etace ou s 
sediments forming the Barrabool Hi i s co the no ~~h. From t e r / the 
route follows t he southern edge o = t e volca .:c pl a i ns t o Co la . 
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.he southern s yline is :armed by a low, broad range - the Otway 
Range - with a maximum elevation of ;10 m. Lower Cretaceous 
sediments - the ot~ay Group - c omcrisi g ! ithic s ndstones and 
s:ltstone underlie the range ( Fig. ~ ) . Fr i nging :oothils and flats 
are underlain by Tertiary sediments in c luding the Vangerrip Gr oup 
and Ni rranda Group (Palaeocene - Eocene) and the Heytesbury Gr o up 
(Olig:ocene - M:ocene ) . The ba se o: the sequence · nc!udes various 
sandy units such as the Dil~yn Formation as well as some fine 
grained units. Calcareous sediments are more common higher in the 
sequence and the Heytesbury Group includes the Gellibrand Marl 
comprising interbedded cal~areous clays and silts with very minor 
clayey sand. This formation is covered Nith a sand unit , the 
Moorabool Viaduct Formation, or a limestone unit, The Port Campbell -Limestone . 

Although landslides occur in all units, they are most frequent in 
the Otway and P.eytesbury Groups . A summary of relationships is as 
follows: 

Geological 
G rottp 

Heytesbury 
.·1rranda 
~Jangerrip 
Otway 

Typ i ca 1 Ea i l ·1 re 
ypes 

Earth flow 
Earth block 
Earth slump 
Complex slump, 
Earth flow, topple 

Slooes -
( 0 ) 

9 . 5-la . 5 
14 
19 . 5+ 
22-37 

L:thology 

Calcareous clav & silt -
Ca~careous clay & s1!t 
Sand & silt 
Lithic sandstone 

s siltstone 

From Colac the journey leaves the Princes Highway and the volcanic 
plains, and crosses south- west over the Tertiary sediments of the 
Otway Basin . These sediments mostly comprise limestone , calcareous 
clay, clay and silt which make up the Heytesbury Group . One cf the 
formations in thi~ group is the Gellibrand ~arl which comprise 
interbedded black clays and dark olive green silts, both highly 
fossil:ferous; these are ~ottled yellow, grey and tan in outcrop, 
with frequent calcareous .odules, powdery calcareous patches and 
sometimes ironstone deposits occur along joints and bedding 
indicating a high degrPe of weathering. Th~y underlie an elevated 
flat to undulating surface which is about 160 m above sea level. 
Va lleys, some 80 t o 100 m deep a r e i nc i sed in~o this surface . ost 
trPnd northwest and have a distinctlv cJrved outline; Scotts Creek, -however, runs more or less east-west, cutting across them. 

~umerous flow failures can be seen along the no rthern wall of 
Scotts Creek Valley . Many farms in this area ( known as the 
Heytesbury area) were developed since 1960 and 1uch o: the nati ve 
vegetation was cleared since that time ... t _ea s : s o e of ':he s l o_ e 
failure had occurred prior to that cleating . ~i gu r e 3 sho·~s 
failure just south of Scotts Creek (al ong Suck s Rd ) ; F:gure . s ho s 
a cross section of that slide. Overall a r ea affec ed by the f a il u r e 
is i5 ha although part ( 2 ha) has been active re c e nt _y. Failure ·va s 
in gently dipping interbedded cal car eous cl a y s and s i -ty cl y s a nd 
mi no r c 1 aye y sand bands of the Ge 11 i b ca n i a r 1 ; t h i s · .. ;a s · ea h r e d 
to a depth cf 9 m. :ai_ure was on slopes o f - o t o 9° ( _2 - 16 -) 
and occurred at o r near the weache red - unw~a h r 0 d contac t. S o ' 
the weathered and unw~athe~ed mate _i a ls w~ r e CH s oi ls bu ·, i 
oeneral, the ~eathered materia l was f in2 r . ined overa ll a nd 

- J 

a little more plast ic ~han the un~eath~ · 
• er . a . 
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Mean annual rainfal~ at Timboon {13 kre to 
Historic failures ~eem to be relat~~ more 
monthly rainfall than to annual peaks. In 
year is pre~eeded by below average annual 

the west) is 971 mm . 
to anomalously high 
some cases the failure 

. ,,. l 1 ra1nra_ . 

At a deep road cutting in Heytesoury Group sed1ments about 1 . 5 km 
north of Timboon , silty clays have b~en ~eathered from grey to 
yellow to a depth of about 10 metr~s . 

The Gellibrand 1arl outcrops betw~~n T1~boon and Po t Campbell. 
Slumps and earth flows become common just north of Po rt C~mpbell, 
even on the gentle slopes . Along the coastal zone near Port 
Campbell it is overlain by tne Port Campbell Limeston~ Both 
formations are of Miocene Heytesbury Group . 

Lunch will be taken at Port Campbell . 

2 . PORT CAMP BE LL TO PRINC ETOWN 

2 . 1 Description of the Port Campbell Coastal area . 

A limestone plain 45 m above sea level stretches from near 
Warnambool to Port Campbell . West of Port Campbell, numerous 
sinkholes up to 270 m in diameter have developed and surface 
drainage is absent . Heathland and low clumps of Casuarina (sheoak) 
and Eucalypt ( b:-0·,;.1 str1ngybark) trees grow on the surface cover of 
residual clay and s1l~eeous sand . 

Th@ ~ort Campbell Limesto~P is thinlv beddPd, with concretions and - -secondary limestone along the bedding , and dips of 1° to 5° 
seaward . Jointing is prominent striking NW - SE ( parallel to the 
coast) , NE - SW (controlling gorge ~nd promontory formation) and 
both vertical and at 45° (controll:ng cliffs, cave roofs and arches) . 

The coastline runs NW - SE, but is crenulated ith gor~es, small 
bays and promontories . A platform extends up to 1.2 km offshore 
with reefs and rock stacks . Cliffs are close to :ertical, and 
include sections which overhang to a~ . Generally the cliffs are 
between 30 m and 60 m high. 

The local annual rainfall is 50 to 115 mm and fails mainly from May 
to October , s o that small streams dry up in the summer. Currents 
for most of the year are to the east, but !ram January to , arch run 
to the west, and build sand barriers across the mouths of the 
cre~ks . Storms are mainly from th~ southwest, and swell periods of 
14 to 16 seconds are most common . The mean rise of tide in Port 
Campbell harbour is 1 . 2 m. 

The first settlement in this area ~as 1846 . Juri~g the 19th ce. ury 
the rugged coastline was the site o: many sh:pwrecks. The i estone 
coastline wa3 proclaimed a National ?~rk in ~ay , 1964. 

2.2 Route f:om Port Campbell to ? ri ce own 

The road follows close to the c_i:.~ t _p a.:._ . _ n old coas\..al pla: 
formed in t~e Port Campbe l l Limestone. This format~on will be 
·1iewed at a stoo where the 11 Twelve 1-.oos:les" - a series of .... oc - -stacks - extend approximately two mi es a]r~g ·he coast east of 
Port Campbell . The taller stacks are bout -:5 · igh . 
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Approaching Princetown, the road P'Ss~ s o n t he la~dward sid~ J f 
prominent Quaternary c~mented dun e s n ·· d une limestones rising 
approximately 50 m above s e a level. Ptince t own is simply a place 
name; there is no town. Near Princeto#n, the route takes the road 
t o Simpson for several kilometres acr oss a hi l ly landscape in the 
landslip-prone Cellibrand r1arl. 

3 . BO~TMAN' S L/4.NDSLIDE , PRINCETOWN AREh . 

This landslide (Figs . Sa , Sb, Sc )occurs at Mr J A Bouwman's 
property, Princetown to Simpson Road , approximately 6 km north west 
of Princetown, in the Shire of Otwav . -
Mr Bouwman recollects that the landslide began in the early 1970's 
(possibly 1972) in the south we st corner of the paddock now fenced 
off . Although a rather minor feature at the time, it continued to 
move for three years. Following this there was a period of dry 
winters for about three years during which no movements occurred . 

However, in October 1979 the landslide became active again and the 
road surface Has cracked . ~t this staae the area affected ~as -
triangular shaped and about one her,tare in size . 

In early August 1980 movement was more ex~ensive and a crack 
traversed the garage just north of the dairy causing vertical 
displacement of the garage floor by about 0 . 3 metres. The effected 
area had now grown to about three hect2r es . 

In 1981 movement occurred over thre ~ weeks bP.tween the ena of 
August and mid September . I n late Sep tember drilling was carried 
out to investigate the mechanism of the slide and formulate 
stabilisation measures . Included in t he investigation program was 
the installation of piezometers and some soil testing . In April 
1982 a detailed topographi c survey as carried out over the area 
and a number of steel rods were l o a l.ed on and near the slide as 
monitoring stations in September 19 82 . These were r~surveyed in 
late 1984 and the results showed s ubstantial movement had oc c urred . 

The failure occurs in weathered ~ t ~ rbe~ded calcareous clays and 
silty clays of the Geilibrand 1a 1 for~ation . There is no outcrop, 
but the drill c ore shows ~hat t ~ dir cf the beds is either -horizontal or only a few degre e~ . The dir P c~ ~ on o f the dip is 
unknown . The failure is ~ransl tional with the slip plane being at 
3 - 4 metres deep . The ~ailed mass is moving as t wo blocks . 

The effect of the weathering has bee n t o increase the plasticity of 
the soils and also the i r pe r~eab i l :~y ( thr ough the d~ velo pment o : 
powdery carbonate patches) Onc e f a1l~r~ o r. c urr ~ d, the pe r mea bi l i ty 
of the failed material wa s i ncreas ed by fiss u r :ng and :rac tur i ng 
resulting from movement . 

Tt1e landslide becomes mobile when t he groundwa te r tab le rises s o 
that there is both hydraulic upl ift co de-s tabili s e t he l a ndsl ide 
mass and saturation of the soil to N~?.ke ~ :~ . G oundwa t e: is 
der~ved from local infiltrati on. Althouoh che natur a l c a t~hme nt t o .. 
thi:= landslide site i s s mall, th~ r.J .., ds!.d'? d !:' ainage system a .d , in 
the pasc, che dair y wa ste wa ter ha ·;e substa ntiall y i n c~~ased wa t e r 
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discharge onto the area . FurthermorP, the porous road embankment 
acts as both a dam wall, ponding surface water at the head of the 
slide, and as a permeable medium whereby the surface water is 
conveyed into·~~ landslide mass . 

Suggested remedial work is to prevent as much water as possible 
from reaching the landslide, and the diversion of the surface 
runoff well away from the failed area . The trees on the slide were 
9lanted by the owner a3 a means of reducing infiltration of direct 
precipitation and removing groundwater by transpiration. Although 
trees have been planted now for severul years , movement again 
occurred last year . 

4 . PRINCETOWN TO APOLLO BAY 

The rouce again passes over Gellibranrl Marl before crossing th~ 
ferruginous sands of the Lower Tertia:y Dilwyn Formation . 
Immediately east of the Gellibrand River, a faulted boundary marks 
the beginning of the Lower Cretaceous rocks i n outcrop . 

5 . THE OTWAY RANGES 

5 . 1 Geology and Geomo r phology 

The Otway Range is compo s ed of Mesozoic (Lower Cretaceos u) 
sediments that have been uplif t ed into a complex domal s tructure. 
The elevation along the mai n ridge is about 500 metres , with the 
highest point (Mount Cowley) reaching 670 metres . In general , the 
range is closely and deeply disected with the stream pattern 
generally radial , reflecting the str11ctural control . 

Inliers of ferruginous sands of tbe Dil~yn Formation occur south of 
Lavers Hill . At Glen Aire a syst~m of streLlms has been dammed 
behind a coastal barrier of Pleistoce~e dune limestone and Holocene 
mobile sand barriers to produce ~icte river ~lats which the road 
follows upstream before climbing again into the Otway Ranges and 
finally dropping to reach the coast at Apollo Bay . 

Although deeply and intricately dissected, the range still s·~~ws 
the form of the pre-Tertiary surfacP. . Structures associated with 
the late Cainozoic uplift are s till evident topographically and the 
valleys of the main streams are in a large measure structurally 
controlled . T11e coastal streams , constantly rejuvenated by coastal 
erosion, contain numerous waterfalls . Landslides are commonplace on 
the steeper slopes . 

The Otway Group is a monotonous sequPn ce of fluviatile lithic 
sandstones , siltstones and minor :hi , beds o~ ccal . The seauence -
has been measured up to 1500 metres :h-~k . Montmor~llinite is 3n 
important component of the siltstones . ThP roc's can occur in three 
associations : massive li thic sandstone , mass~·1e s: l ts tone or thinly 
interbedded lithic sandstone and silcstone units. In general, they 
are gently folded with dips rang~ng ~p to 20° ; v~ry steep d:ps 
occur in places (eg. Skenes CreP~ just e ~ st n f Apel lo Say ) . 
Pr onounced lineaments oc~ur (Fig. 5 J refl e - : ng Lh~ genera_ly 
fractu ~ed nature of the unit . 

• 
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They re often fresh to moderately ~eathered along the coastline 
~nd highly to complet ly veathered :nl~nd . The lithic sandstones 
are greenish ~rey ~hen fresh and ~eat~er to yell~wish brown; the 
siltstones are black to dark grey and weather through grey to very 
light grey . 

5 . 2 Landslide History, Rainfall ~nd Seismicity 

Numercus landslides can be seen in the area, although there is very 
littlr hiscorical information available about them . 

The J.argest documented historic landslide in the region Has 
near Forrest, some 30 km south of Colac, when an estimated 
6,000,000 ml block of Otway Group sediments with a surface area 
of some 48 ha slid into the East Branch of the Barwon River ; 
failure was alonq the bedding which dip 12° to 20° towards the 
river . The toe of the slide about 400 m wide at river level 
and formed a 35 m high wall of a natural dam (Fi gs 7 & 8) . 

Failure occurred during Hinter in late June 1952 following the 
wett~st monthly cainfall - 415 mm (June mean 113 mm ) . The same year 
(i . e . 1Q52) also had the Nettest annual rainfall - 1683 mm ( mean 
annual rainfall 1037 mm ) . High rainfall also occurred in 1951 
(1637 mm) and 1953 (1203 mm) . 

The natural dam was breached on S August 1953 and a wali of ·yater -
still some 7 rn high about 10 km do~nstream - passed down the river . 
Damage was done to fencing etc . and extensive one metre layer of 
silt was deposited over the fields . Luckily , there were no 
significant buildings along the river flats and the damage was 
relatively slight . 

Many sm~ll landslides have occurred nuring historical times, but 
unfortunately, there is no complete record of these events although 
aerial photographs have provided information over the past 30 
years. 

Average annual rainfall in the Otway Range varies from about 1100 
mm along the coast to over 1900 ~m on the crest o: the range. The 
wett~st period is late winter to ~arly sp~ing. Intense rainfall 
events of 233 mm for one day, 587 mm for three days , and more than 
2700 mm per year ha1e been recorded . 

Many seismic events (earthquakes) , some of considerable intensity 
(5 . 2 on the Richtet sc le), havA occu:r~d offshor~ since records 
have bPen k~pt . Most events are thought to be associated with 
movement along the Torquay Fault, w,:ch runs more o r less 9arallel 
co the coast . However, onshore se~sm~c1tv over ~h~ same oer1od has - ~ 

been m~ch le ss frequent and of low~r intensity . There is no known 
associati0~ between slope failure and se1smic1ty in che area . 

• 

• 
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5.3 ~actors Conducive to Landsliding 

From a general study of the region, the following factors were 
deduced as being conduc1·1e to landsliding in the Otway area : 

1 The oresence of a previous fa~lure 
~ -

2 high annual rainfall 
3 coastal erosion 
4 moderate to steep topography 
5 suitable sediments such as : 

w Tertiary sediments (particularly the Heytesbury Group), 
including calcareous cl~ys and silts . 

* Cretaceous sediments , including lithic sandstones a nd siltstones 
6 deep wenthering in C etaceous rocks 
7 "favourable" orientation of d:s':ontinuities 
8 ion exchange between the groundwat~r and some clays (possibly 

in the Heytesbury Group) . 

Triggering mechanisms ~ay be : 

intense rainfall 

.., 
I 

road, or othe~, construction 
earthquakes (no known case) 
high energy coastal storms 
inappropriate development on 

~esultino in the remova .. of slooe suooort .., - .... 

steeper slopes . 

5 . 4 Shire of Otway - Planning trols 

In Victoria , the Ministry for Planning anrl Environment (MPE) is the 
authority responsible for planning issues . In the Shire of Otway , 
the responsibility for planning has bP.Pn delegat~d to the Shire's 
Planning Offir:er for primarily residP1tial areas ("Village" zones) , 
and to the i1PE in all other are~s . ThP "Village" zones are affected 
by the Shir~ of Otway (Ocean Road) Interim DPvelopment Order (I DO , 
approved by th~ Government in August _984 . Urder ~he cond:t1ons of 
the IDO , applications for planning p~rm~ts :n ar~as Nhich are prone 
to landslides ar~ requ~red to be referred to the Geological Survey 
and the Land Protection Servi e :or comment . 

Town 

Apollo Bay .. 
Marengo 
Skenes Cre 0 k 
Kennett River 
Wye Rive!'" 

Apollo Bay 
~a rengo 
Skenes Creek 
Ker.nett River 
~ye Ri \fer 

Total 
a_:otments 

800 
210 
300 
155 
460 

Jumbet PcrcEntace 
J 

de eloped deve~oped 

656 82 
133 63 . 4 
16_ --"" ~ -. -

79 ; , - -
~39 - ~ ... ) 

J-

Permanent. . .. r(.)s1oen:s 

6 3° 
14 . 2 ., 

8 . 6 
3 . S 

. rumbe r 
vacan 

144 
77 

11<1 
76 

.., ? l ---

Percentaoe 
J 

vacant 

18 
36.6 
44 .6 
49 
'18 



5.5 Apollo Bay 

At Apollo Bay sealers and whalers ~irs: made temporary sell tlemnts 
in he early 1800's, but permanent se~tlement of th is coast 
as slow because o f poor acce ssibility ~rom land and se and 

its limi ed pastoral potQnti 1 . Cond~ti0ns change · n he 1850's 
Nhen millina of the Otwav forests commenced . At its oeak around ... .. ~ 

1860 there were 1000 timber-cutters at Apollo Bay, but th:s 
industry declined rapidly once rail~ay contracts ~ere completed . 

The opening of the Great Ocean Road in 1932, greatly improved 
accessibility and promoted development of this seaside resort . 

7. WILD DOG CREEK VALLEY 

7.1 Major slope failure zone 

T e eas~ern walls of this stream exhibit slope failures on a 
massive scale. The Geological Survey be:ie 11es that mountain 
spreadi g is in operation, formi g ~idge t~9 depression . · ajor 
slump ea~th flow failures are haracter:stic of this ;alley . One 
des_[ yed the W~ld Dog cr~ek Road in 1952 and another constantly 
enc roaches u~cn it . Otne rs have scarred the hillside w~ ~hout damage 
to roads o r st~uctures. Signs of extensive s all scale acti ·1e 
ovQment abound . 

7 . 2 Geology ar.d Geomorphology 

Wild Dog Creek flow~ into Bass Strait about 3 km north-east of 
Apollo Bay . Along the creek , the valley walls are vPry steep (up to 
45° or 100 ~) and bedrock comprises ~edimentary rocks o f Lower 
Cretaceous age . The beds are composed of alternating dark siltstone 
and lith1c sandstone wit h some thin coal seams . A massive sandstone 
unit forms a steep-sided , narr ow gorge abG t 600 m fr o m the mouth 
of the creeK. Thickly bedded sandstone alsc . r~dom~nates in the 
northern part o~ the valley . Elsewhere the r ock s contair1 
alternating sandstones and s:ltstone s ~1~h e~the r rock .ype 
dominating locally . Bed thicknesses ra~ge :~om a few centimetres ~o 
about S m, but more commonly are about 0 . 5 m .. he shale beds tend 
to to be w~aker and erode more ~api ly tha~ : he san s cone anc ~ 
oc ·ass iona_ly, continuous thin ( _ - 2 cm), clat beds occur in a 
sequence of shales and/ or sa ndst on~s . The degree of ~eathering 
increase s with elevat ion and thP only outcroos of f:esh rock are in 

~ ~ 

the creek bed ( Fig. 9) . 

Bedro ck ~s generally ov~rlain by a :;oil p ro ci~~ that consists of a 
thin topsoil hori zon and a variable ~c nP of sc~l an rock Er gmen s 
that have suffered a certain a mount or cteeo . A cna:acteristic -
profile would comprise: 

0 - 20 cm Medium t o dark grey:sh bro· . .; .. , fr:able, 
clayey loam, plant roots . 

t: • d _ ... ne san v or -

20 - 100 cm Pale yellow brown, sandy cl=y _oam 1_th nu era s 
highly weathered ro k :ras encs bee m1 J • o.e c man 
-:vi t. dept h . C 1 a y co c en c. :. s re la e o he p r en t 
roc k . The zone grades ~nto ~ea - here be~roc . 
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he structur~ of the so il throughout :s highly por ous, and severe 
tunnel erosion can be obser•1ed at manv sites . .. 

t · ~useful to compare the geomor~hology o: the ·1ild Deg Creek 
1alley to cnat of the smaller catchment inmediat~~y o the east. 

1e a~ter is a sheet creek, aenerallv at an elevation of _QQ m to 
"" -50 m higher chan Wild Dog Creek, unt:l the c~eek cascades down a 

sheer Naterfall about 700 m upstream from the mouth. The waterfall 
is cormed by the same massive sandstone bed that has been bisected 
by -·ild Dog Creek in the gorge, howe1~r, the smaller catchment has 
pro1ided insufficient flow for the stream to erode a channel . 

In contrast , Wild Dog Creek has catved a very steep gorge through 
the sandstone and then the valley widens rapidly upstr~am . It is 
chought that in geologi~ally recent times ~ild Dog Creek was also 

t a substantially great~r ~lev1tinn ~~scadi~g over a sandstone 
~,.,a t e r fa 11 , a n d ha s on l y " r e c e n t 1 y " c 1J t i t s ch an n e 1 th r o ugh . The 
interbedde· sed:ments immediately upstream are much softer and 
rap:d de~radat~on then took pl ce . The :~r.vex shape cc the stream 
p r: f i l e '.Y cu_ d s u g g e s t th a t the c re e 1" ~ s s ... ~ _ l a c t : · 'e 1 y deg ::- ad i n g . 

Th~ ajor co~sequence 0£ this process ·~ould ha•1e been ~ap~d 
stee9en:ng of the lower parts of :he val :ey sides . _h:s is one of 
the major contribut1ng factors to the deep seated instability along 
the 1alley. 

The large landslide at the northern intersection of 3usty Road and 
w i l d Dog C re e k Ro ad - k now n a s t 11 e " 1 9 3 :; s 1 i de " - ha s i t s fa i 1 u r e 
plane at up to 26 m deep ; the failed material is dominantly highly 
we~thered , =~ tremely fractur ed , lithic sandstone which has slipped 
on siltstone dipping 15° towards thP cree~ (Fig . 10 . A similar set 
of conditions occurs at the CapP. Pa tton slide ( f i g. 11) - although 
this is a considerably l~rger f e ature - ~~th the fai_ure plane at 
4 r- d th - · 1 ·· b · · d l o b o · t od m p . . .:..t ic:; a so ap .a .. Pn -Y . t- I i~i. se 'ln. _ . r_c ia _ 
mass i~ wea~ly receme n ted with c~ay :~ plac~s . 

7. 3 s_ope Stabi_i:y and :_ands_i :F? Sisk 

F r o n1 a s u r fa c e s tu d v o f the l and s 1 i . e s a l c r. a th i s . ., a ... l e \' 'the - - . 
following general conclusions w~rQ d=a~n : 

* 

* 

-

The smaller slides compris~ surfic;al ma~erials and che larger 
slides exter.d into bedrock . 
The smaller slides occur on steeper slopes than the larger 
slides. 
Most of the slides involving bedrock com9r:se mostly sandstone , 
probably with failure occurring on siltstone beds and sornet~mes 
on very thin clay bands . 
Failures along bedding planes .re ~ 9ortant but many _ar e 
failures occur where th ~ bedding is cb_1~ue to the slo9e . I. 
these cases, jo~nting, creep failu~e 0~ :a:lure th~ough the 
rock mass must be s i gnificant. 
osc slides are :e:ent or o l d , .cciv? o~ dorm n , but few are 
foss~l oc stabilised. ~h:s :n:::-:es cne :a_t r c tribu-: o _, 

to landslide de,lelooment still ex:.: . -
Bo th s .i r fa c e a n d g r o tl n d '· · t e r -- r C\ ·; e ,.. y :. .• ~ o .. : ~· n '- : a c t o r s 
_he most cric~cal s o pe ang-~s a:e 3: -3~ - and 7 -B ; no slides 
occur on sl opes ~ ~ : ~ . 

9 
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Sli es rare_y occur on slopes hat are ~one ve in the vertical 
direction or convex in the hor: zon~al d_reccion. 
• 1 o st: l a r g e s l i de s p co ba bl y de v e l op p r o g re s s i "J e _ y f r om s ma 11 
lides at : · e ~ . 

The andsl:ce risk map (rig . 12) P:ine s ~hree ca~e c ries . ., 

- o landslide r_sk , no res rictions Jn deve_ooment . .. 

2 L~ndslides are possible , propose~ .eve_o9ment sites should be 
assessed individua-ly and adequate d~sign precautions t a ken 

3 High landslide ris~ , d 0 v~lo9ment should not be permitte unle ss 
under speci a l circumstances . 

Criteria 

Zone l 
l l h - ,- (!~ 0) s ooes ess c. ~n _j , .. 

no act ·ve or dormant _ands!: ~es . 

Zone 2 
slop ... s betwee:1 25 q and 35 ° ( 19° ) 
no active or dormant _andslides . 

Zone 3 
All slopes ste~per than 3r ~ (10°) 
all slopes con t aining u~tive or dormant l~n~s_:~es . 

The ter m ' do rmant' 
are ~till presen t . 
describe the state 

r elates to whether or no~ the caus~s of fai lure 
This is often not kno~~ and s o it may be best to 
of erosion o: th~ fe3t~~~ . 

Additional observat:ons made in the :eg:c~ as a ~hole are : 

. major failures require a cont:nuous d!sco~~inuity, such as 
bedding , d:pp~ng at a low to moderate a ~g:e ou ~ ~ the s_ope. 
Jointing is mor e _ikely to be associated wi t h coppling . 

. line · ment s on sattelite i ·nages ·ndica~e cha t as yec unmapped 
major geo _ogical structures such as faults ar~ present and ~ robably 
influence slope stability . 

Th~se studies ~ere car·i~d ou in orrl~r to map ar~as for plann_ng 
purposes . It ha s however , beQn f ound that ~h1le they provide 
a firm basi s on which to give ad ic?, i~s9ection of individual 
proposed d2velopmPnL sites is re c u1~ ~~ in ~os~ cas~s long _he 
coast . Inspections are carried out by q~~:ogists of the 
Geolog1cal Survey of Victoria at the ~~qu~st o: the Shire of 
Otway or the M:n1stry for Planning nd En·;ir~n enc . 

One of the proble~s ~hich is becomming :ncreasing_y apparent is the 
determination of whether or not the curr~nc cl: ate recime is 

J 

typical er atyp:ca_ fa~ the area; a re:ared mat-er is the ge -
the majo~ !an sl:des . Geological and geomorpho:ogica st Jd!es 
1 k · · · · a· ... ... . h 1 oo · ~ e system i .. v_ c~or.a _n _ca ... e ~nat t e _asc _ ye rs _s, 
indeed , atypical_y dry and that lake levels 9~ior to this ·. e we~e 

• 

10 
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subs tan t i a 11 y h i g he r . I f th i s i s t he ca s e , r. he " ab 11 o rm a 1 '' l 9 S 1 -
1953 rainfall pcttern may be the more apptopriate o ne on which to 
base recommendations . At that t:me th~ :ow intensity rural 
development in the area meant that the ~a age, although locally 
very significant, ~as not a ~~sascer . ~owever, nowadays there are 
pressures to develop areas which, ~~ che !951 - _g53 con~itions 
return would result ·n considerable losses . 

8 . GREA_ OCEAN ROAD, APOLLO BAY TO ANGLESEA 

8._ History and Constructi on 

The Great Ocean Road was built during the e conomic depression of 
the late 1920's and early 1930 ' s us one of the Government 
employment schemes. Many of the men wh0 wo rked on the road 
construction were returned soldiers E:om the G.:eat War \1914 -
1918), and many of the place names ~long the road reflect this 
association . The road was opened in 1932 . 

8 . 2 Geology and Stability 

The Great Ocea. Road from Apollo say through ~orne to East~rn VieN 
is formed as a bench cut into Lower Cre~aceous sandstone and 
mudstone teds of the Otway Group. These rocks are well-bedded and 
jointed . The bedding planes commonly dip seaNa~d at about 40° and 
are not particularly well cemented . Intersect:ng joints are 
commonly uncemented. The sandstone as n material. is intrinsically 
strong but the siltstone is structurally weak, crumbles easily and 
where weathered , breaks down into clay. 

It is therefore not suLprising thdt with the be~ding dipping 
down out of the bigh cuttings f rPquenLly necessary on the landward 
side of the road, sliding failures are common . Such failures 
are mostlv isolated blocks and fraamen~~ o: rock, but on ... ,_, 

occass:ons, particularly fter prolong~d hea1y rai , they can 
be more serious and may e·1en block c.he road . Saftey measures 
such s steel mesh attached to r ck bo_ ts and barrier walls 
have not been constructed . This is pr e hably because rock falls 
are still relatively uncommon and r~su_::ng ace: e ts are rare. 
The danger r~ma1ns, however. 

8.3 Windy Point Rocksl1 e 

At Windy Point and its vicinity the rock structure is potentially 
one of the least stable along this coast . The factors that combine 
to cduse this are: the seaward (southerly) dip of about 27°; the 
two prominent and persistent sets of n~ar -vertical joints that 
in t ersect at approximately 90° in plan; the oresPnce of at least 
two thin (12 -m and 40 cmJ siltv cla1 ~eds _l1a~ ~nderlie the - -massive beds of sandstone and intersP t :he _ower par o~ the the 
steep natural slope near road level; nul e~ous i~or jo..:.nts at 
various angles ; surface fissures ~nd cra~ers :~a resu-ted f ro 
s 1 i de rn o v em en t ; and the subs t t i a 1 ·.~ i , : e : an so r : o r . ..:. n fa __ . .. -
The v1indy Point rocksl ide omme .cr:i ·~, '?9 ? 

- &.. • r l? _ '- _ v e _ y .. i . o r 
ouanti.ties of rock 1Ner :Qmove ·u l··~ -. -
1968 Several rock slides tha occ~::~d ~~e~ 
p u sh i n g the fa l ! en rock of f the sea·., a _.. d .; : ::l ~ 

s:r ct:on :n a·e 
_9-a were tre ted by 

he road. Durin 
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this period, ev idence of larger s~ale movement was observed on ~he 
slope to elevations of 30 to ~O , and later , 70 m above the road . 
During 1970 and 1971 the rate of movement increased to a maximum of 
2 cm per day, and a mass of 3000 connes of :ock began sliding 
to~~rds che road . 

The condition of the slfde at that time :n~olved uo to 150 , 000 -tonnes of sandstone, co11sis ing oE large and small discrPte blocks , 
moving down dip on si lty clay slip planes ; some shear failure in 

12 

the sandstone ; major fissures and join ts wer~ opening t o dep ths 
exceedi ng 15 m; and the surface soil ~as ext~nsively fissured ( rig 13). 

The Great Ocean Road was closed in July 1971 . A cable anchoring 
system was prepared and the con tractor commenced work in September. 
Movement ceased soon after the first 7 anchors were tensioned in 
October, ~otwithstanding the heavy rain at the time. The road was 
re-opened in December 1971 . 

8 . 4 Eastern View to Anglesea 

Slope stability probl ems in the road cuts ~ ase in this section o : 
the road. At Eastern View, the gra1els, sands, c_ays and minor 
brown coal beds of the Eastern Vi ew Fo ~~a~ion ( ?a_aeocene) 
unconfo rmably overlie the Lowe r Cretaceous rocks . With in about 5 km 
further ease, the Eastern View Formac:on is in turn ove r lain 
conformably by the Demon's Bluff Format ion ( Eoc~ne - Lo~er 
Oligocene ) , compris~ng f ossiliferous clays and sands , carbonaceous 
1n part and commonly stained and partly cemPnted by non oxide 
mi nera ls; this formati on conti nu~ s t o Anglesea. 

8 . 5 Point Roadknight (Melba Par~rl ~) Landslide, Ang le sea 

This major cliff failur~ occurs on the coast approximately 500 
m north of Point Roa~ knight. It is about 30 0 m wide and threatens 
a residenti3l street named Melba Pa rade. 

The geological material present are t~o 
Oligocene Demon's Bluff Formation ~h1cn 
o f approxi~ately 6° - 9° ( Fig 14 ) . 

oar~s of the Socene - Lower -
sho~s a gentle seaward dip 

Slope failure has been caused by sliding along the contact bet~~en 
the two parts of the f ormation : ... 

. a yellowish gre e n slippery bentonic clay containing fr grnents 
of decomposed basa lt and pi'=~~s of rnudstc 11e (·fie thered ashes 
a n d a g g 1 om e r a t e ) kn o ~,v n a s the '' So a oy Ro c k s " f o rm s the 1 owe r 
unit and on its up ~er surface sliding h~s occurred . 

. reddis h b rown cohesive clayey sands an~ v~ry stiff sandy clays 
have failed by a mechanism of sli ing J~ che shear:ng sur:ace 
beneath, assisted by toppling a_cna sub- :e:-:ca_ "oin - and 
probably some rotational failu:e . Ti e :a :_e a_er:a: has :10· ~d 
towards che coast, ~: th an irregu_a_ ~um -c y sur~ace. 

The impermeable clay of the Soapy Pocks :o~ . s a ba~r · er o he 
downward pe ~colati ng ·.;ater, hereby . a:n:a:n · ~g sa ura"'ed 
conditions in the c~ay~y sands sandy cla1s ~ve~ly1n J he . ~he 
resulting high pore ~a er pressures lower :n:e_nal fr ' ~ion nd 

-



reduce shear s tren~th have helped to mobilise the rlayey 
sands/ sandy clays on thr, failure st1~~~=~ of t e Soapy Rocks and led 
to their internal failure by secondary shears and toppling with 
final flowage . 

Remedies pro9osed 14 yenrs ago were : 
i) a sea barr:er to prevent constanc removal of flowed material 

from the toe of the flow zone . 
i1) drainage of the flowage zone, assisted by tree planting and 

iii) drainage behind the slip face . 

Measure (i) has been taken , (ii) has been done in part and (iii) 
has not been attempted . 

The flowage of material has been slowed considerab1y and recession 
of the cliffs appears to have been halted , though probably only 
temporarily . Slow sliding at reduced 1elocity is still in 
operation . 

9. MELBOUR. E 

Situated at the mouth of the Yarra RiJer on the northern shore of 
Port Phillip Bay, ~elbourne has grown ~rem a town o ~ fewer than 
30;000 people in 1851, to a major metro9olis of app:oximately 
3 million in the 1980 ' s . 

• 

Until the beginni1g of the 1970's Melbourne's growth was rapid and 
continuous , but rrore recently the growth has slowed . However, over 
70° of Victoria ' s population lives i n Me lbou r ne . 

In order to r a tiona lise development and prevent d~secration of the 
countryside , the Melbourne und Metropolitan Board of Works (MMBW) 
was granted powers c· er the planning o: Me _bourne in 1949. Using 
established co r ridots, this body attempted to guide the growth o: 
the city by the establishment of pre~erred development areas. 

13 
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These notes 
Cooney, Af.1 
Neilson, JL 
Wood, PD 

compiled from : 
Geel. Surv . Viet . 
Geo! . Surv. Viet . 
Geel . Surv . Viet . 
Atlas of Vi~toria . 

Unoub . ... 
Ur.oub . -
Unoub . .. 

Repts . 
Repts . 
Peets . • 

Dunc on , S ( e d . ) 
McAndrew & Marsden Regional guide to Victor:an Geology 

These notes were compiled by : 
J L Neilson , A M Cooney and P G Dahlhaus of thP Ge o logical Survey 
of Victoria . 
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l MELBOURNE 'fO •PORT CAMPBELL 

rro~ M•lbourne Airport the route follows the Tullamar ine Freeway 
south to the western ed9e of the City of ftelbcurne befote joining 
the Princes Hiqhvay to Gtelonq. 

1.1 Melbourne to Geelon9 

Between Melbou rne Airpoct and Gcelong the route crosses a volcanic 
l andsc~pe known as t he We cribee Plains, comp r ising a 
Plio-Pleistocene sheet ot basal t ic matecial s that e xtends westwards 
almost to the Sou th Austrollan border {Fi9 1). The Werrlbee Plains 
ar e mainly underlai n by ~xtensive shee t flows of basa1tic . lava with 
some beds of ash and other pyroc!astics. A few eruption poin ts rise 
above the W•rribee ?lains as mounds, includ1n9 ~t Cottrell (a lava 
cone ) near Y.elbourne , and the Anakies (three scoria cones ) near 
Geelon9. The Princes Highway crosses a number of b~salt ton9ue 
flow$ with their distinctive topogrophy: these rest on the 
prevalent sheet flows and can be traced to ~cuption points. Th• 
volcanic mate r ials of the Werribee Plains ore qu ite co111J11onl y 
veneered with a reddi s h br own looss - l ike ma terial . 

The weste rn lioit of the weccibee Pl ains is marked by the pco•!nent 
Rowsley fbult Scarp . To the south this b4!coaes a monoc!ina with the 
basalt warped across iti •laewhece the feature is aarked by scocia 
cones (the Anakies ) . the largest end by far the hi9nest qroup of 
hi l ls preaent are the You Yangs, a residual of ~vonian 9ranite 
which proj ects sharply through the basalt plains. 

Halfway to Geelon9 the highway c rosses .t he alluvium o f the Werribee 
Del ta, here about t en k l lometr~s across. The ri ver has cut Into the 
de l ta sediments, formi ng terc~ces and vertical cliffs. 

Geelonq is the major port on Corio ·aay, wh ich vas partly for•ed by 
dovn faultin9. Tertiary calcareous clays underlie basalt alonq Its 
ves t•rn shore. Bo t h the Barvon and Moorabool Rive rs have cut deeply 
into the basa lt flows, to expose the Tertia ry sed;~entary rocks. 
Both ancient and still- developing river terraces occur alon9 the 
valleys. 

Last contury, the open vo l c~n lc plains quickly attrac ted pionto rlng 
pastoralists who u·sed Culong as t he port to export t'ho ir wool. 
when 9old was discovered at Ballarat in 1851, both the conaerct and 
the population of Geelon9 leapt as it became a favoured port of 
entry for the dig9ings. By l8S4, Gee l on9•s populat ion of 23,000 
made it Austra l ia's third lar9est to~n. Today with a population of 
approx iaately 140,000 it is an important industria l and corr.mercial 
centre. Hajor industries include cement manuf,cture. aluminium 
smelt ing, automotive manufacturing and oil refinin9. 

1. 2 cee l ong to Port Campbe ll 

The Princes Hi9hw~y crosses sub-basaltic Ter t iary l i~estones and 
other sedlmcnta~y materials outcropping along t he east~rn margin of 
the Otway Bas in and then the lo~e~ slop~s of the Cte taceous 
sedigents forming the Barrabool Riils to the no:th . from therP, the 
route follows the southern ed9e of the volcanic plains to Colac. 
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The southern skyline is formed by a l o~, broad range - t ho Otway 
Ran9e - with a maximum elevntion of S70 m. Lowec Cretaceous 
sed1ments - the Otway Group - comprising lithic $andstones and 
siltstone underlie the range (Fi9 . 2). rrln9ln9 !oothlls and flats 
•re underlain by Te r t iary sedl~ents including the wangercip Croup 
and Nirranda Croup (Pal4eocen• - £oceneJ and the HeytesPury Group 
(Olig1ocone - "locene) . The base of the sequence inc l udes various 
sandy units sueh as the Dllvyn rormation as w~ll as some fine 
9rained units. Ca lcareous sediments are mor~ com•on higher in the 
s"quence and the l!eytesbury Croup includes the Gcllibrand Marl 
comprising ln terbedded calcareous clays ond silts wi t h very minor 
c laye y sand. This formation ls cover&d wlth A s~nd unit, tht 
Moorabool Viaduc t For~ation, or a limestone unit , The ?ort Cacpb.,11 
timtstone. 

Although landslides occur In all units, they are most frequen t In 
the Ot~ay and Heytesbury Croups. A swomary of relationships is as 
follows: 

Geological Typical ia i l1Jre Slopes 
Group t ypes ( 0) Litho lo9y 

Hoytesbury E&rth flow 9 . 5- 16 . 5 Calcareous clay & silt Niccande Earth block 14 CA l careous clay & silt Wan9errip !arth sluap 19.S+ Sand ' silt Otway Coaplex sJugp, 22- 37 Lithlc sands tone 
earth flow, topple ' siltstone 

From Colac the journey l eaves the ?rinces Highway and t h• volcanic 
plains , and crosses south-west over the Tertiocy sediments of t he 
Otway Basin . These sed i11ents mostly compcise limestone, colcac cou1; 
c l ny, cla y ond silt which ~ake up the Heytesbury Group. One ot the 
formations In this group is the Gel lib rand Harl which comprise 
interbedded black clays and dark ol i ve green silts, both highly 
tossiliferoua; these ar~ mottled vellov, qcoy and tan in outcrop, 
with fr•quent calcareous nodules,~powd~cy calcareous patches and 
soaetirnes ironstone deposits occur along joints and bedding 
indicatin9 a hl9h degree of woathering. They underlie an olevate~ 
f lat to undulating surfac• which is about 160 m above sea level. 
Valleys, aome 80 to 100 ~deep ac~ inci~~d i nto th i s surface . Most 
trend north~ost and have a distinctly c urv@d out l i ne ; Scotts Creek , 
however, runs moce oc less east-west, cuttln9 acros s t hem . 

Nume rous flo~ failu res can be seen along the northern wall of 
Scotts Creok Valley. Many farms in this area (known as the 
Heytesbury orea) were developed since 1960 and much of th• native 
ve9etation was cleared sinco that tioe. At least so~e of th• slope 
fa ilure had occurred prior to that cl@ar1n9. fi9ure 3 shows 4 
f oi lur" just south of Scotts Creek (along Bucks Rd); Fi9u r e 4 shows 
a cross section of tha t slide. Ove ral l area affected by th• failure 
is 15 ha althOU9h part (2 ha) ha s been active recently. Failure was 
in gently dipping int .,rbedded calcareous clay• a nd silty clays and 
mi nor clayey sand ba nds of tho Gel l i brand narl; this was weathered 
to a dep th of 9 m. tailuce was on slopes of 1• to 9• tl2\ - l~\) 
and occurred at or near tha weathered - unw•athered contact. Both 
the weather•d and un·..,l!athered •atec ials wer~ CH soils but, in 
9eneral, the weathered ll<lterlal ~as f iner 9rained overall and 
a little ~ore plastic than th• unweathered ~ateria l . 
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Mean annual rainfall at Timboon (1 3 km to the wos t) is 971 mm. 
Historic failu res oe•m to bo r e l~t~d more to Anomalous ly h i9h 
month ly rainfall than t o ~nnual paaks. In some cases the foi!ure 
year is preceeded by below average annual ralnfall. 

At a deep road cutting in Heytesbury Group sediments about 1.5 km 
north of Timboon, si l ty c l ays hav t boen weat·he red !com groy to 
yellow to a depth of ·about 10 met ro. 

The Gellibrand Harl outcrops be,ween Timboon and P<>et Campbell. 
Slumps and eareh flowG beco•e co••on jus~ north o f Port Campbell, 
even on t he gentle s lopes. Along the coastal ione near Port 
ca~pbell it i s overlain by the Port Campbel l Limestone. Both 
formations are of Miocene Hey t eGbucy Group. 

Lunch will be taken at Port Campbell. 

2. PORT CAMPBELL ':"O PRINCETOWN 

2 . l Description of the Port Campboll Coastal area. 

A limes t one pl ain 45 m above sea level stretches from near 
Wa cnaMbool to Port Campbell . Wes t of Poet Caoebell, numerous 
sinkholes up to 270 i in diame te r have developed and surfac• 
drainage i s absent.. Reathla.nd and low clumps ot Casu.arina (Sheoa.k ) 
and euca!ypt ( brown .str in9ybark } trees grow on the surfac~ cove r of 
residual clay and sil icoous sand. 

The ?ort Campbell Limestone is th inly bedd~d. with concr•tlons and 
secondary l im•stone alonq the bedding, and dips of l' t o s• 
••award . Joi nting is proalnent striking M"w - St (9arallel to the 
coast), ME - SW (controlling go rqe a~d promontory f o raationl and 
both vertical ~nd at 4S' ( controlling c l iffs, cave roofs an~ archesl. 

The coas tlino runs NW - SE, but is crenulated with gorges, small 
bays and promontories. A platform extends u9 to 1.2 km offshore 
with re~fs and rock s tacks. Cliffs are close to vertical, and 
include sect ions ~hich overhang to a•. Gen•rally the cliffs ace 
between 30 m and 60 m hiqh. 

The local annual rai nfall is 50 t o 115 mm and !alls mainly from May 
to October, so that small streams dry up in the s ummer. Currents 
f or most of the year are to the east. but from January to March run 
to the vest, and build sand barri•rs acro$s the ~ouths o f the 
creeks. Storms a re •~inly from the southv@st, and sw!ll periods of 
14 to 16 seconds are most common . Th• ~ean rise of tide in Port 
Campbell ha r bour is l.2 m. 

The f irst settlement in thls aroa wos 1846. Durin9 the 19th century 
the rugged coastline was the site o! many shipwrecks. The l i mestone 
coas t~ine waa proclaimed a National Pack in Hay, 1964. 

2. 2 Route from Poet Campbell to Princetown 

The road f ollows close to the cliff top a l on9 an old coastal plain 
formed in t he Port CaDpbe l l Limestone. This format ion will be 
viewed at a 1top where the "TWelve Apostlesw - a ser i es of roc k 
stacks - extend approximately two •Iles along the coast e•st of 
Port Campbell. The taller stacks are about 45 ~ hi9h . 
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Appr0Dchin9 Princetown, the ro~d pass&& on the landward aide of 
prominent Ouat•rnary c•mented dunes O' dune limestones rising 
approximately SO• above sea le~el. Pc1ncetown is simply a place 
name; there is no town. Near Pr1ncetown, the route takes the road 
to Simpson for several kilometres ac~oss a hilly landscape in the 
l andslip-pron e Gel librand Hd rl, 

l. BOUWMAN'S LANDSLIDE, PRINCETO<;N AREA. 

This landslide ( Figs. Sa , Sb, Sc)occucs at Mr J A Bouwman•s 
prope rty, Pri ncetown to Simpson Road, approximately 6 km north west 
of Princetown, in t he Shire of O~way . 

Mr Bouwman recollects that the landslide began in the oarly 1~70's 
(possibly 1972) in t he souch wost corner of t he paddock now fenced 
off. A l though~ rather minor feature at the tima, it continued to 
move for three yea rs. r ollowin9 this there ~as a period of dry 
winters tor about three year5 du,ing wh lch no coveaents occurred. 

However, in October 1979 the landslide became active again and the 
road s u rfac e was cracked. At th is stage the areo affected w~s 
triangular shaped and about one hectare ln size . 

In early Au9u$t 1980 aoveaent vas more extensive and a crack 
traveraed che garage just north of the dai ry caus,ing vertical 
displaccr.ien t of the gara·ge floor bY. abou~ o. l Ht res. The effected 
area had now 9rown to about thr•e hectares. 

In 1981 aove~ent occurred over three w@eks between the end of 
Auqust And mid s~ptember . !n late September drilling was carciod 
out to l•nve~t iq~te the m~chani am of th~ al ide and formula to 
stabilisation measures. Included in the investiqation proqram was 
the installation of piezoaetera and so•e soil testing. In April 
1982 a detailed topoqraphic survey was carried out over the area 
and ~ nUmber of steel rods wece loca~ed on and near the alid@ aa 
monitoring staitions in September 1982. These wert cesurva yed in 
late 1984 and the results showed substantial move~ent had occurred. 

The failur~ occurs in we•thered inte r bedded calcareous clays and 
silty clays of the Gellibrand Karl forMation. There is no outcrop, 
but the drill core shows that th~ di~ of the beds is either 
hori zonta l or only a f,cw degreeA. The direction of the dip is 
unknown. The failure Is ~c~nslationa l vith the slip plane being a~ 
l - 4 aettes deep. The !ailed aass is moving as two blocks. 

The effect of the weathe ring has been to i ncrease the plastici t y of 
the soils and als·o their perr.1eability (through the develop01ent of 
powdery ca rbonate patches) . Once failuc• or.curred, the ~rmeability 
of the failed eaterial was increased by fissuring ~nd fracturin9 
r~sulting f,om movement. 

The landsl ide becomes mobile when t he groundwater table rises so 
that there is both hydraulic uplift to de-stabilise the landslide 
aass and saturation of the soil to 1>r1eaken it. Groundwclter is 
derived from local infiltration. Al thou9h the natural catchmen t to 
the landslide si te is small, the ro~dslde drainage systom and, in 
the past, the dairy ~aste water hove substantially increased water 
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dischar9e onto the area. rurthecaoce, the porous road eabank~ent 
acts as both a daM wall, pondinq surface wacer at the h~ad of th~ 
slide, and oa a permeable •edium whereby the surface water is 
convoyed into the landslide ~ass. 

Suggested remedial work is to prevent as much water as possible 
free reaching the landslide, and the diversion of the surface 
runoff well away tcoa the failed area. The trees on the slide were 
planted by the owner as a means ot reducing infiltration of direct 
precipitation and removing groundwater by transpirQtion . Al thou9h 
trees hav~ been planted now for several years, moveacnt again 
occurred last year. 

4 . PRINCETOWN TO APOLLO BA¥ 

The route aga in passes over Gollibrand Marl before cros sing the 
ferruginous sands of the Lower Tertiary Oilwyn r ormat i on. 
Immediately east of the Gellibrand River, a fau l ted boundary marks 
the beginning of the Lower Cretaceous rocks in ou t crop. 

5. THE OTWAY RANGES 

5.l Geology and Geomorphology 

The Otway Ran9e ia composed of Mesozoic (Lower Cretaceosu) 
s•diments that hAv• been upll fted into a complex domal. structuce. 
The elevation along the main ridgo is about 500 metres, Ylth the 
highest point (Mount Cowley) reaching 670 metres. In general, the 
range Is closely and dotply dis•cted with the s tream pa t tern 
generally radial, reflecting the structural control. 

Inliers of ferru9inous sands of the Dilwyn formation occur south of 
Lavers Hill. At Gle n Aire a sys t e m of streaas has been dammed 
behind a coastal batrier of Pleistocene dun~ lioestone and Holocene 
mobil• sand barriers to produce wirte river flats which the road 
follows upatreaa b•foc• climbinq again into the Otway Ranges and 
f inally dropping to reach the coast at Apollo Bay. 

Although deeply and intricately dissected, the range still shows 
the fora of th• pre-Tertiary sur!ace . Structures associa~ed with 
the late Calnoiolc uplif t are &till evident topographically and the 
valleys of the aaln streams are in A lar9e measure st:ucturally 
controlled. The coastal streaas, constantly rejuvenated by coastal 
erosion, con ta in nu•erous waterfalls. Landslides are COOftlOnplace on 
the steeper slopes. 

The Otway Group is a 11tOnotonous saquenc~ of fluv iatile lithic 
sandstones, siltstones and mi nor thin beds o! coal. 'The seauence 
has been measured up to 1500 metres chick. ~ontmorillinite'is an 
importDnt component oC the slltstones. The cocks can occur in three 
associations: massive lithic sandstone, massive si l tstone or thinly 
interbedded l ithic sandstone and siltstone units . In general, they 
are gen t l y foldtd with d ips ranging up to 20 '; very steep dips 
oc~ur ln places (cq. Skenes Cree~ just east of Apollo aay) . 
Pronou9ced l ineaments occur (fig. 6) r eflecting the generally 
fractured nature of t he unit . 
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They are often fresh to moderately weathered along the coostline 
ond highly to completely we•thered In land. The llthic sandstones 
ace 9ceenish qcey wh~n fc*sh and wo othec to yellowish brown; the 
slltstor.es a re bl ack to dark grey and weather through grey to vecy 
light grey. 

S.2 Landslide History, Rainfall and Seismicity 

Numerous landslides can b• seen in the area, although there is vecy 
littl~ historical information available about them. 

The largest docuaented historic landslide in the region was 
near Forrest, some 30 km south of Colac, when on •stimated 
6,000 ,000 m' block of Otway Group aediments with a surface area 
of some 48 ha &lid into the East Branch o f the aarwon Ri vie; 
failure was along the bedding which dip 12• to 20° toward1 the 
river. The toe of the slide about 400 ~wide at river ltvel 
and formed a 35 a high wall of a natural dan ( Figs 7 & 8). 

Failure occurred ducing winter in late June 1952 following the 
wottest monthly rainfoll - 415 mm (June mean 113 m~). Tho sa me year 
( I .e. 1952) also had tho wettest annual cainfall - 1683 mm (mean 
annual rainfall lOJi mm). High rainfall a l so occurred in 1951 
(1637 Jllll) and 1953 11203 ""'>· 
The natural da~ was breached on S August 1953 and a wall of watec -
still some 7 m h igh about 10 km downstream - passftd down the river . 
Oamage was done to f~ncing etc. and ex ten5 ive one metre layer of ' 
silt was deposited over the 'fields. Luckily, there were no 
si9nieicant buildings along the river flats and the damag~ was 
relatively sliqht. 

Hany sm~ll landslides have occurred during historical times, but 
unfortunately , there is no complote record of these events although 
aerial photographs have provided information over the paat JO 
years. 

Average annual rainfall ln the Otway Ranqe vacies f roI about 1100 
•• alon9 the coast to over 1900 •• on the er•st of the ran91. The 
wett~st period is late winte r to ~arly spring. Intense rainfall 
events of 233 ~m for one dby, 587 mm for three days , and more than 
2700 mm per year have boen recorded. 

"any seismic events (earthquakes), so~• of considerable intensity 
(S.2 on the Richter $Cale), have occucc@d of~shore s:nee records 
have been ~ept. "ost events ar~ thou9ht to be associat ed with 
move•en t along the Torquay fault, which runs more or less porallel 
to the coast. Ho~ever, onshore seismleity over the same period has 
been much less frequent and of lower intensity. There is no known 
association betwc•n slope failure and seismiclty in the area. 
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5.3 Factors Conducive to Landslidinq 

rcom a genecal study of the region, the following factors we re 
deduced as neing conducive to landsl iding in the Otway area: 

1 The presence of a previous failure 
2 high annual rainfall 
3 coastal erosion 
4 moderate to steep topography 
5 s u itable sediments such as: 

• Ter t iary sediments (particulacly the Heytesbury Group), 
including calcareous c lays ~nd silts. 

• Cretaceous sed i ments, includinq lithic sandstones a nd s iltstones 
6 deep wea thering in Cretaceous cocks 
7 • favourab le• orientation of discontinuities 
8 ion exchange between the groundwater and aoae clays (possibly 

in the Heytesbury Group) . 

Triggering mechanisms may be: 

intense rainfall 

7 

road , or other, construction resultin9 in th@ removal of slope a upport 
ear t hquakes ( no known case) 
high energy coastal storms 
inappropr iate development on steep~c slopes. 

S. 4 Shi r~ of Otway - Plannin9 :~ntro l s 

In Victoria, the Kinistry foe Planning and Environmen t (NPE I is the 
authori ty responsible foe planning issuos. In the Shire of Otway, 
the responsibility tor ~lanning hos been delega ted to t h• Sh i re's 
Planning Off icer !or primarily res id9ntie l areas { " Vil l age~ zoneG), 
~nd to the MPE in ~11 other areas. The "Villn9•" zones ara affected 
by the Shire of Otw'y (Ocean Road ) Interim O~velopmcnt order (IOO~ . 
approved by the Government i n August 198 4. Unde r t he conditions ot 
th~ roo, applicationa for planning p~r~itg in are~s which ace prone 
to lands l ides are cequ iced to be refe rred to the Geological survey 
and the Land Protection Sl!rvice for com~ent. 

Total Nunbe r Percentage NUllber ?eccentage 
Town allotments deve loped developed vacant vacant 

Apollo say 800 656 82 144 la 
Marengo 210 133 63.4 77 36.6 
Skanes Creek 300 162 55.4 134 44.6 
Kennet t River 155 79 51 76 49 
Wye River 460 239 52 221 48 

Town Pcrmone nt residents 

Apollo !lay 63' 
Harengo 14.2 ~ 
Skenes Creek 8.E\ 
Kenn11ttt River 3. s~ 
;.Jye River 5.7~ 
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S. S Apollo !lay 

At Apollo Bay sealers and whalers first ~ade temporary oolltlemnts 
in the ea rly 1800 1 s, but permanent settl ement of this coast 
was slow because of poor accessibil i t y from land and sc~ ~nd 
its li~tted pastoral potential. Conditions chanqod in the 1850's 
when milling of th• Otway forests com2enced. At its peak around 
1860 there were 1000 timber-cut ters at Apollo !lay, but this 
industry declined rapid ly once railway contracts were co~pleted. 

The opening of the Great Ocean Road in 1932, greatly improved 
accessibility and promoted development of this seaside resort. 

7. WILD COG CREEK VALLEY 

7.1 Major slope failure zone 

The eastern walls of this stream oxhibit slope failures on a 
Dassive scale. The Geological Survey believes tha~ mountain 
spreading is in operation, form ing ridge top depression. Major 
slump earth fl ow ta ilures are characteristic of this valley. One 
des troyed the Wild Dog Creek Road in 1952 and another constantly 
encroaches upon it. Others have scarred the hil lside withoue dama9~ 
to roads or structures. Siqns of extensive s•~ll scale active 
aovea•nt abound. 

7.2 Geology and Goooorphology 

Wild Dog Creek flowo into Bas$ Strait about 3 km north- eatt of 
Apollo Bay. Alon9 . the creek, tht voll•y w•lls ar• very steep (up to 
45' or 100~) and bedrock comprises sediment•ry rocks of Lower 
Cretaceous age. The beds are composed of alternating dark siltstone 
and lithic sandstone with so•~ thin co~l seaas. A •asslv& sandston@ 
unit tocas a steep-sided, nacco~ 9or9e about 600 • from the mouth 
of the creek. ~hickly bedd•d sandstone also predominates in the 
northern part of the valley. Elsewhere the cocks con tair1 
alternatin9 sandstonps and siltstones with either rock typo 
dooinating l ocally. Bed thicknesses ra nge from • few contimot res to 
about 5 m, but ~ore commonly are about 0.5 m. The shal~ bed& tend 
to to be weaker and erode oore rapidly than tht sandstone an~ . 
occasaionally1 continuous thin (1 - 2 c~), clay beds occur in a 
sequence ot shales and/or $Ands ton•s. The deqree of weathecin9 
incr~aaes vith elevation aRd the only outcrops of fresh rock are in 
tho creek bed (Fi9. 9). 

Bedrock ~s 9enerAlly overlain by a soi l profile that consists o f a 
thi n topsoil horizon and a variabl• zone of soil and rock fra9ments 
that have suffered a certain amount of cre@9. A characteristic 
profile would coaprise: 

0 - 20 en Med iu• to dark greyish bro~n, triable, fine sandy or 
elayoy loam, plant roots. 

20 - 100 cm Pal t yellow brown, sandy chy loam with numerous 
highly weathe-red rock fragments becoming core conman 
with de~th. Clay content is related to t~e parent 
rock. Th• zone qrados into weathered bedrock. 
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The structure of the soll t h roughout is highl y porous, and severe 
t unnel erosion can be observed at many sitas. 

It i• usotul to compare the 9eo•orphology cf the Wild 009 Creek 
va l ley to that of the saall~r cateh$e nt !•ae~iat~ly to the east. 
The latter is a shoct creek, 9eneral!y ~t an elevation of 100 • to 
150 m hi9h1r than Wild 009 Creek, until the creek cascades down a 
sheer waterfall about 700 • upstream from the mouth. Th e waterfall 
is formed by the same oa&sive sands t one bed that has been bisected 
by Wild 009 Creek i n the qoc9e1 however , the smalle r catchment has 
prov i ded insuffi c ient flow for the strc~rn to e rode a channel. 

In contrast, Wild 009 Creek has carved a vtry steep 9orge through 
the sandstone and then the valley widens rapidly ups tream. I t is 
thought that in geol ogically recent times Wi ld Deg Creek was also 
at a substantially greater elevation eascadins over a sandstone 
waterfall, and has only •recently• c~t its channe l through. The 
interbedded sediments lmmodlote l y ups tream are much softer and 
rapid degradation the n took place. The convex sh~pe o f the atreao 
profil• would sugges t that the cree k i s still actively do9rad i n9 . 

The ma j or consequence of this process woul d have been rapid 
s teepeninq ot t he lower pa rts of tbe valley sides. This is one of 
the major contribut ing fa ctors to ~he deep Geated instability along 
the valley. 

The large landslide at the northern intersection of 3usty Road and 
~ild ooq Creek Road - known as the • 29s2 slide~ - has i t s failure 
plane at up to 26 m deep; tho fai l•d ma terial is do~inantly hiqhly 
weathered, o~trt11ely fracturad1 l i thic sands tone wh ich has s l ipped 
on siltstone dipping 15° towards the creek (Fig . 10) . A similar set 
o f conditions occurs at t he CapP. Patton slide (f ig . ll l - although 
th i s is a considerably larger !•ature - with the failu re plane at 
45 m depth. lt is also ~ppac~ntly stabilised and the brecciated 
mass i~ w•~kly rece3ented with clay in 9lace1. 

7.3 Slope Stability and Landslid~ Risk 

Pro~ a su rface study of tho landslides along this valley the 
following general conclusion• were dr~wn: 

• 
• 
• 

• 

• 

The smallec slides comprise surfic i al Mat•ri~ ls and the larger 
slides extend into bedrock. 
The smaller slides occur on steepe r slopes than t he largor 
slides. 
Kost of tho slides involving bedrock comprise mostly sandstone, 
probably with fail ure oceurr1n9 on illtstone beds and someti~es 
on very thin clay bands. 
Fai lurea along bedding planes are impoct8nt bu t many lar90 
failures occur where the bedding is obliquo to the slope. In 
these cases, jointing, creep fai lure or failure through the 
rock ~nas munt be siqnlflcant. 
Most slides are recent or old, active or dorMan t, but few are 
f ossil or stabi l ised. This indicates the fac tors contributin9 
to l4ndslide development still exist. 
Both surface and 9roundv~ter are ~~ry i•portan: factors 
The most critical slope angl~s are 36-55 ~ and 76-SS~; no s lides 
occur on slopes <?S~ . 
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Slides r~rely occur on slopes that arc concave in t he vertical 
direction or convex ln the horizonta l direction. 
Kost lorge slides pcob•bly develop pcogreaaively froo small 
slidos at th~ toe. 

The landslide risk ~ap (~i9. 12) d~fin•s throe categories. 

1 No landslid~ risk, no restrictions on developmenc4 

2 Landsl ides are possibl e, propos~d development sites should bo 
assessed individual l y and adequate design precautions taken 

3 High landslide r isk , d•velo911er.t should not ~ peco1itted unless 
under special circumstances. 

Criteria 

zone l 
slopes less the n 25\ (14°) 
no active or do rmant lDnd~lides. 

zone 2 
s!op~s bet~een 25~ a nd 35 ~ (19°) 
no active or dorma nt landslides. 

Zone 3 
All slopes ateeper than 3S~ (19•1 
all slopes containing activ~ or dormant lDndslides . 

The tacm 'dormant • r e l ates to whether o r not the causes of failure 
are sti l l present. This is often not known a nd so i t may be best to 
describe the state of erosion of the !eaturc. 

Additional observations oadt !n the :e9ion as a whol e are: 

major failu res require a continuous discontinuity, such as 
beddinq, dlppinq at a low to moderate anglo out of the slope . 
Joincln9 is more l ikely to b• associated w1th toppling. · 

l i neaments on sat te l i~e i :na9es indicate th&t as yet unmapped 
major geological structures such as fault s are prese nt and probab l y 
influence slope stability. 

Th~se studies were car ried out in order to map areas fo r planning 
purposes. It has howev~r, been found that while they provide 
a firtt basi1 on vhich to 9lve advice, inspection ot i ndividual 
proposed d~velopmen~ s ite5 is requi red in most cases along the 
coast. Inspections are carried out by geolo911ts of the 
G&ologieal Survey of Victoria at the requ*st of t he Shire of 
Otwa y or tho Minis try f or Planning and Env ironmen t . 

One of the prob l cos which ls becomming i ncreaslnqly app~ren~ is the 
de t erminat ion of whethe r or not t he current climate ce9 ime 1$ 

typical e r atypical Ear the areo; a related aattor ls t he age of 
the major landslides . Geological and geonorphological studies of a 
l~k~ system in Victoria indicate that the last 100 years is, 
Indeed, atypically dry and that lake l~vels prior to this tiae were 

-~- .. .....,.. 4.:--....... 
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substant ially h i gher. !f t h is is the case, the "abnorma l" 1951 -
1953 ralnfoll pattern may be the more appropriate one on which to 
bas@ recommendations. At that time the l ow intensity rural 
development in the area meant that the doma9e, although locally 
very si9niflcant, w~s not a Oisas~er . Howev•r, no~adays there are 
pressures to develop areas which, i f t he 1951 - 1~53 conditions 
return would result in considerable lossea . 

8. GREAT OCEAN ROAD, A?OLLO SAY TO ANGLESEA 

8.1 Histo ry and Construct ion 

The GC'eat Ocean Road was buil t du ring the •conoc:lic deor•ss!on o f 
the late 1920's and ea rly 1930•s as one of the Government 
empl oy• ent scher.es. Many ot the •en who vork•d on the road 
construct ion were returned soldiers from the Gr eat Wa r 11914 
1918), and •any of the place names alonq the road reflect this 
association. The road was ope ned in 1932 . 

8 .2 Geology and Stabi lity 

The Great Ocean Road from Apollo Say th couqh Lorne to Eastern View 
i s formed as a bench cu t into Lower Cce t aceous sandston• and 
oudstone bods of the Otway Group. These rocks are well-bedded and 
joint@d . The bedd ing plane& coaaonly dip s•a watd at 4 bout 40• and 
a.re not portlcu l-arly wol l ceaented. Ii'ltersectinq joints are 
co""2only unce•ented . The sandstone as a nat•rial.is intrinsically 
strong but the siltstone la structural ly weak, crumbles easi ly and 
where weathered, breaks down i nto c l ay . 

I t is therefor e not surprlsln9 t ha t with t he bedd ing dippin9 
down out of the h i9h cuttln~a frequently necessary on the l andward 
s i de of th• road, sliding fa i l ures are common. Such fa ilures 
are mos t ly Isolated blocks and fragmento of roc k, but on 
occassions, particular l y after prolonqed heavy rain , they can 
be oore serious and may even block the road. Saftey measures 
such a s stee l mesh a.ttachl!d to rock bolts and barri!'r '-'alls 
have not been constructed. This is probably because rock falls 
are s till re latively uncommon and cesu l t in9 acc ldents ace race. 
The danger r~~ains1 however. 

8.3 Windy Point Rocksl ide 

At Wi ndy Point and its vicinity the rock structure i s potentially 
one of the least stable alon9 this coast. The factors that conbine 
to cause this are: the seaward (southerly) dip o f about 27•; the 
two pro.Un~nt and pe rs istent sets of near-vertical joints that 
i ntersect at approximately 90• in plan ; the 9resence of at least 
two thin (12 c11 and 40 cmJ allty clay bods •; hat unde rlie the 
massive beds of sandstone and intersec t the lower part of the the 
steep natu ral s l ope nc4r road l evel; num~roua minor j oints at 
various anglea; surface flssur~s and erat@rs th ~t resu l t ed from 
s l ide movement; and t he substanti~l wi nter and $prin9 rainfall. 

The Windy Point rocksl ide co•aenc~d ~hen ~ relatively ainor 
quant\t ies of cock we ce reaov•d durinq road construct lon in late 
1968. Several rock slides that occurr•d aft9r 1968 were treated by 
pushing the fallen rock off the seaward sidt of the road . Du ri n9 
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this period, evidence of lar9~r scale r.oveaent was observed on the 
slope to elevations o f JO to 40, and later, 70 m above t he road . 
Ouring 1970 and 1971 the rate of aovement increased to a maximum of 
2 cc per day, and a mass of 3000 tonnes ot rock began sliding 
tow~rds the road. 

The cond i tion of the sUde at t ha t t i '1e involved up to 150,000 
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tonne s o f sahdntone, consist ing ot l arq1 and s~a l l discrete blocks , 
moving down dip on silty clay $lip plan•u; so~e shea r failur• in 
t ·he sandstone; 11ojor fissures and joints we re open ing to dept hs 
exceeding 15 m; and the surface soil was e xtensive ly fissured (ri9 23). 

The Great Ocean Road was closed in July 1971. A cabl e anchoring 
systea was prepared and the contractor conmenced work in Se ptember . 
Hovement ceased soon after the first 1 anchors we re tensioned in 
October, notwithstanding the heavy rain a t the time . The road wa s 
re- opened in Dcceaber 1971. 

8.4 Eastern View to An9lesea 

Slope stability problems in the road cuts oase in t his section of 
th~ road . At Eastern View, t he gr~vels, sands, clays and ~inor 
brown coat bedc of the £astern View Form~tion (Pa laeocene> 
unconfo rmably oycrlie the ~owec Cretaceous rocks. Within about S km 
further east, the Eastecn Vi ew format i on is in turn overlain 
conforaably by th& Demon's Bluff rocaatlon ( Eocene - Lover 
Oligocene), comprlsin9 fossiliferous clays and sands, carbonaceous 
i n par~ and coaaonly stained and partly ce•ented by non oxide 
• inerals; this for•at1on continues t o An9 le1ea . 

8. 5 ?o i nt Roadknl9ht (/lelba Pa rade I Lands lido, Angl es ea 

This major cliff failure occurs on t he coas t approx i ma t ely 500 
m north of Point Roadknight. rt i s about 300 m wide, and th r eatens 
a residentia l s tr t et nam~d Melba P~rade. 

The geo l ogical materi•l present are two parts of the ~ocenc - Lower 
Oligocene Demon's Bluff rorzation •hich shows o gentle seaward dip 
of app roximately 6• - 9° (r ig 14). 

Slope failure has been caused by slidin9 ~long the contact between 
th• two parts of the focAation: 

• yellowish 9reen slippery bentonlc clay containi ng fr4gments 
o f decomposed basalt and pieces of •udstone ( weathered ashes 
and agglomerate} known ~ s the ~soap~ Rocks~ forrns the lower 
unit and on i ts uppo r surface sl id ing hos occurred . 

redd i sh brown cohoslve clayey sands and ve r y stiff sandy clays 
have fa iled by a mechanism of sliding Qn the shearing sur!ace 
beneath, assis ted by toppling along sub-vertical joints and 
probably so~e rotationa l failure. The failed material has flowed 
towards the coast, ~ith an irregul ar hummocky s urface. 

The imperaeable clay of the Soapy Rocks fo rms a ba r rier to the 
downwa rd percolating water, the reby malntain 1n9 saturated 
conditions in the clayey sands/sandy clays overlying them. The 
resulting high pore wate r pressures lower internal f riction and 
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reduce s hear str&"~th have helped to •obilisa the clayey 
sands/sandy clays on the failure surface ot the soapy Rocks and led 
to their in ternal f a ilure by secondary shears and toppling with 
final flowaqe. 

Remedies prooosed 14 y~~rs ago were: 
i ) a soa barrier t o preven t constant removal o f flowed mat@rlal 

from the toe of the flow zone. 
ii ) dra inage o f the flowaqe zone, assiatrd by tree ?lanti ng and 

iii) draina9e behind the s l ip face. 

"•asu re ( i ) has been taken, (ii) has been done in part and (iii) 
has not been atte•pted. 

The !lowa9• of aaterial has been s lowed consid•rably and r~cosslon 
ot the cliffs appears to havo been halted, thouqh probably only 
temporarily. Slow 1lldin9 at reduced velocity is still i n 
operation. 

9 . MELBOURNE 

Situated at the mou.th of the 'tarra River on the northern shore of 
Port Ph i llip Boy, H1lboucne has g rown from a town of fewer thon 
30;000 people in 1851, to a ~ajor metropolis of approxi~atoly 
3 million i n the l980•s. 

Unt!l the be9innin9 of the 1970's " elbourne•g 9rowth "05 rapid and 
eontinuou5, but more recently the growth has slo~ed . Howev•r, over 
70' of Victoria's popul4tion lives in Mel bourne. 

In orde r to r•ti:·onallae development and prevent de sec ration of the 
countryside, the Htlbour ne and r.etropolitM Board o f Works (MHBWI 
was granted pow~r1 over the planning of Melbourne in 1949 . Us ing 
aste.blis hed corridors , th is body 1tt tempt1d to gu ide the growth of 
the ci t y by the ~stabl ishmen t of preferred development a reas . 
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These note~ were 

Coonl!y, AM 
Neilson, JL 
Wood, PO 
Ouncon, s (ed . ) 
KcAndcew & Ma rsden 

compiled from: 
Geol. Surv. Viet. Unpub. Repts . 
Ceol. Su r v. Viet. Unpub. Repts . 
Geol. Surv. Viet. Unpub. Repts. 
Atlas of Victoria. 
R19iona l guid• to Victorian Geology 

The$e notes were compiled by: 
J L Neilson, A M Cooney and P G oah lhaus ot the Geolog ica l Su cvey 
of Victo r ia. . I 
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