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THE STABILITY OF SCARP SIOPES.

1P RODUCTION .

L PURFOS%s With the investigation and development of large-scale

engineering projects the engineering geologist is faced with problems,

the solution of which may well determine the economic feasibility of

those projects. Among the most vital problems, particularly in the
field of hydro-electri¢ engineering, are those concerning the

stability of slopes. The purpose of this thesis is to outline the
investigation of one such problem, to state the observed facts and
to offer iunterpretations of these facts.

II _THE PROBLFMY:

The proposed construction of hydro-electric
installastions on the face of the Uestern Tiers of Tesmania

necessitated a study of the stability of slopes on this actively

retreating scarp. Abundant evidence of rock slips and extensive
scree and talus deposits reflect the general instability of the
Tiers face. Any structure contemplated must be located to minimise
the danger of extensive rock slides from higher levels. A gtudy of
the mechanisms of retreat and an assessment of the stability of
cliffs and rock-slide material is undoubtedly the major problem

of the geology of this scheme.

IX INVESTIGATION IMETHODS :

The investigations were carried out
in two phases:
Phase 1t The compilation of a detailéd geological map with appro-
priate contour information over awn area broad enough to include all
the salient features of the VWestern Tiers. |
Geological boundaries were plotted on aerial photos and trans-

ferred to map squares prepared from aerial photos by the Hydro-
Electric Commission. At the same time barometric traverses were
carried out and from these, with the help of steroscopic inspection

of the aerial nhotos, a rough contour map was prepared.

(MOPE:  After the field work was completed the Mapping Branch of
the Tasmanian Lends and Survey Department produced a coutour map

of the southern portion of the area chosen. These contours have
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been substituted for the Author's in maps included in this thesis.)
The stratigraphic succession was estcblished from field mapping
and core logging of diemond drilling carried out by the Hydro-

Blectric Commission.

Thage 2¢ A close exemination of structures, superficial deposits
and vegetation which provides evidence of recent snd imminent scarp
retreat.

Plane-Table mapping of selected areas with the recording of the
physicel characters and disposition of scres blocks, joiﬁt patterns
in outcrops and vegetation data provided the "control areas" for
photo interpretation of the scarp face generally.

Diamond drill cores provided subsurface information on scree

and talus deposits.

IV__ PRESENPARION:

The thesis is presented in three parts:

 PART A: GEWERAL DESCRIPTION OF THE AREA.

The location, access and climate of the area and the broader
aspects of its physiography and geology are intended as a general
introduction to the more detailed treatment in subsequent Parts of
- this thesis.

PART B. HISTORY AND CHARACTER OF THE WESTERN TIERS.

The origin and subsequent history preface a detailed description
of the scarp in terms of slope elements.

PART C.  STABILITY ANALYSIS OF SCARP SLOPES.

An analysis of the data presented in Part B. is attempted with
a view to its general application to problems of stability of

searp slopes.
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PART A:

GENGRAL DESCRIPTION OF THE AREA.

I. LOCATION AiD ACCESS.

The area studied includes some twenty miles of the Western
Tiers scarp bounded on the north-west by Warner's Creek and on the
gouth~east by Woodside Creek. Map I indicates the extent of this

area and the inset its location in the State. Grid lines on Map I
refer to the Military Grid shown on the 4-milc State Map No. 3 of
Tasmania. These grid lines also represent the boundaries of HMap
Squares used in the geological mapping of the area.

Acceés to the area may be gained via the Lake Highway in

the wegterm portion of the arca and via various second class roasis

from the Midland Highway which lies some thirty road-miles east of
the area. VWithin the area a system of secondary rosds indicated
on Map I gives access to the foot of the scarp. Only the Lake
Highway in the west and the Palmer River track in the east give
vehicle access to higher levels so that most of the invest:lgcctions
have euntailed journeys on foot from the lower levels.

II. TOPOGRAPHIC DIVISIONS:

The area studied comprises three distinct topographic divigions

each characterised by digtinctive climgtic conditions and vegetation.

l. Platean Divisgion:

The Plateau division extends from the depression occupied by
Great Lake (Top water level 3381.8) in the southewest of the area
to the edge of thg scarp. The general torrain is that of a
dissected plateau. Flat floored, marshy valleys separate
boulder-gtrewn rocky ridges some of which have precipitous sides.
Examinetion of the geological maps indicates that the digposition of
the marshy valleys is controlled by structures, shear gones and
faults, in the dolerite bedrock.

The vegetation of the marshy valleys is restricted to grasses
and mosses while the rocky ridges support patches of stumted eucalypts.
The restrictcd vegetation is probably a reflection of the extrems
wintor climate of the platesm. The precipitation is gbout thirty

five inches per anmum, part of wiich is in the form of snow.

Because of the lou winter temporatures a snow blanket is maintained
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for weeks at atime and only in areas sheltered by ridges can the
eucalypts survive.
2. Escarpment Divigion:

The BEscarpment Division may be defined as t hc area between the
margin of the plateam and the one thousand feet conmtour. The profile
of this escarpment is typically concave (photo 3 ), the cliffs amd
scree fields of the upper levels giving wmy to timbered slopes
decreasing in grade at lower levels. Major streams incise the scarp

in steep sided thickly timbered valleys but much of the drainege is

offected in shellow migratory channels in the deep talus deposits
on the slopes.

The oclimste is less extreme then on the plateau ard the raiunfall
gomewhat higher. (Thg limited records suggest a figure in excess of
forty inches per antum.) Snowfalls occur on these slopes but the

suow molts rapidly producing high run-offs and local flooding in the

water-courses. The less extreme climate is reflected in the veget-
ation which is dense with gooa\stands of milling timber up to the three
thousand feet contour. Above the three thousand feet comtour the
veogetation is still thick but is somewhat stunted partly because of
movements of the screc end talus and partly because of the inability
o: this material to support bush vegetation. .

3. Lowlandg Division:

The Lowlands Division occupies the norﬁh—eastern portion of
the area. It includes the pediment of the scarp and the low
dolerite hills north-east ofthe scarp-forming fault . '

The climate and vegetation differ from those of the plateau and
escarpment. The extremely localised showers which supplement the
escarpment rainfall are absent amd snowfalls are very rare. ILightly
timbered grasslands and shallow migratory streams characterise the
division though some degree of permanence in the streom courses
exigts beyond the line of the scarp forming fanlt where the channels
are cut into the dolerite bedrock. Stomms on the escarpmenmt cause
periodic flooding of the gemtly sloping pediment se that the sgricultural
ugse of this area is restricted to grazing.

III. GENCRAL GEOLOGYs

1 _Outline:

A gently dipping sequence of Triassic and Permian sediments
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136 90)

with an overall thickness in excess of thirty eight thousand feet

e EETTE T

is overlain by a thick, amd in part, transgressive dolerite sill.

The exposed upper surface of the sill has been eroded, in part by

ice action and the region sub jected to Tertiary block-faulting.

2. Stratigraphy.

The stratigraphic sequence is shown in the table below.

Stratigraphic Table.

System Group Formation Rock Type Thickness
Recent Screey, Talus
to Alluvium
Pleigtocene Glacial Deposits
Jurassic Wellington Dolerite 1000+
Triassic Newtown SanistonesySilt- 435"
(2015") stones, Shales
Knocklofty Tiers Thinly bedded 385' 1580
siltstones,Shales
Cluan Sandstones end 425"
Siltstones
Ross Massive Sandstones 630!
Jackey Shales 140'
Permian Ferntree Eden Mudstones 20' 68T
(1870'+) Blackwood Conglomerate 2!
Drys Mudstones 350"
Palmer Sandstones 5!
Springmount Mud stones 280"
Risdon Sandgtone 30!
Woodbridge Weston Mud stones 30' 265
Dabool Sandstones A0
Meander Mudstones 195!
Liffey Creekton Wormcast sand- 10! 90!
stones
Hoodside Sand stones 35!
Kopanica Shales and sand- 15!
stones
Flat Top Sandstones 30!
Golden Macrae Mud st ones 115*' 170!
Valley Billop Sandstone 10!
Brumby Marls 45
Quemby Mudstones 250' -
330!
Stockers Tillitic 340"+
Conglomerate
3. Lithology.

A. Quaternary Sygtem:
Rocks of this system include superficial deposits of both

Recent and Pleistocene as follows:

(1 ) Soree Deposits:

The retreat of the Western Tiers scarp

results in the formation of extensive scree fields immediately below
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the dolerite cliffs on the upper slopes of the escarpment The
scree material, angular blocks of dolerite up to twenty feet in
diameter but usually of the order of two to five feet, has been
proved by drilliz;g t0 depths in excess of three mundred feet. The
scree slopes appro:dmate the angle of repose of the scree material.
{22 Talus Deposits: Below the scree line on the Tiers and on the
plateau surface dolerite talus covers much of the surface. This

material results from the decompogition of the dolerite and consits

of residual boulders of dolerite in a heavy clay matrix.

(3) Alluvium: The alluvial fan a'b the base of the escarpment results

from the transport of material by sheet and rill erosion from the searp
féce. A8 well as the dolerite boulders and clays of the talus zone it
contains silts and sands from the sediments at lower levels of the
scarp face. The average thickness of thi_é material ig thirty feet
near the base of the scarp and ten feet at the eastern edge of the area.

(4) _Glacial Deposits: Throughout the Central Plateau sbundant evidence

of glacial action hés been noted. Glacial dver—deepening in zonesg of
less resi.stant bedrock has produced a pattern of depressions through—
_out the plateau. The glacial deposits which occupy these depressiéns
are obscured by later sediments of the lakes and marshes which have
formed in the depressi‘ons. There ig little doubt that Great Lake
was formed in this manner by the glacial erosion of basalts and other
volcanic deposits which previously occupied a deﬁression in an older
topography. The marshes ad:jace_nt to Great Leke in this area are of
gimilar origin but the ercded mafeﬁ.al in this case was probably
dolerite from shatter zones in the bedrock. The orientation and
distribution of these marshes bears a close relation to the dispogition
of kmown shatter zones amd ina;jor joint trends in the dolerite.

B. Jurassic System:

Thi?k is represented by dolerite which occurs .as thick =ills
intruded at the close of an earlier period of sedimentation which is
congidered to have extended through the Triagssic and probably into the
Jurassic period. The dolerite consists essentially of plagioclase
and pyroxenes. Olivine is present in small quantities and micro-

graphic intergrowths of quartz and alkali felspar occur in small

amounts. The occasional presence of amphiboles, biotite, chlorite,
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calcite, ilmenite, magnetite, pyrite and chalcopyrite have been noted.
Grainsize varies from very fine and perhaps microporphyritic close to
comtacts with sediments to coarse_in the cemtral parts of the intrusions
and to pegmatitic in segregations. Contact metamorphic effects of the
magma were slight and restricted to narrow zones.

Jointing in the dolerite is closely spaced, the strong system .
of vertical joints producing a structure akin to the organ pipe
gstructure characteristic of basalts. Major joint patterns, which can
be readily determined from air photos of the exposed rock, are discussed
elsewhere as are the weathering features of the dolerite. The strongly
developéd joint system provides ready access and considerable storage
for ground water in the superficial levels of the dolerite mass. Only
in shatter gones does ground water persist to greater depths.

C. Triasgic Sygtem:

Overlying the Permian formations disconformebly and apparemtly
terminated by the intrusion of dolerite, the Triassic sediments were
lgid down in predominantly lacustrine and swamp conditions. The gently
dipping sequence of Triassic formations has a maximum thickness of
approximately two thousand feet in this area.

(1) Newtown Coal Measures: The Newtown Coal Measures comprise a

typically fresh-water sequence of felspathic sandstones, siltstones

and fossiliferous shales with occasional coal seams up to six feet in
thickness. The frequent lemsing out of beds makes correlation difficult,
only general correlation being possible over disténces in excess of two
thousand feet. The maximum measured thickness (where dolerite trans-
gression across the sequence has virtually ceased) is four hundred and
thirty five feet. The base of the formation is taken as the lowest

coal seam.

The contact between dolerite amd sediments is a welded comtact
characterised by fine gralned dolerite (chilled margin) and a variety of
effects depending on the nature of the sediment at the conmtact. Thus
sandstones show very little alteration while shales have a baked zone
up to ten feet in thickness. On exposure the shales amd siltstones are

prone to slaking and disintegration.
(2) Enocklofty Group: Underlying the Newtown Coal Measures conformably

is the Knocklof‘l;y Group which is nearly one thousand five hundred feet
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thick and consists of thick quartz-sandstones in the lower part but -
becomes increasingly dominated by shales towards the top.

(a) Tiers Shale: The highest formation of the Knocklofty Group
is the Tiers Shales which consists of thinly-bedded siltstones and plant-
bearing shales with occasional felspathic samistones. The maximum
measured thickness of the formation is three hundred and eighty five feet.
Weathering on exposure is fairly rapid and few outcrops of this formation
are found in the area.

(b) Clugn Formation: = Conformably beneath the Tiers Formation,
interbedded siltstones and samdstones, predominamtly quartzose, constitute
the Cluan Formation. The maximum measured thickness of this formation
is four hundred and twenty five feet. More resistamt than the generally
finer-grained Tiers Formation, it is cheracterised by fairly extensive
samstone outcrops.

(c) Ross Formation: Underlying the Ciuan Formation conformably,
the Ross Formation is a predom:‘unantly massive, medium-grained quartz
sardstone commonly exhibiting cross-bedding. The measured thickness

of this formation is six hundred and thirty feet. Outstanding

characteristic is the development of lines of high cliffs on the face of
the Tiers. |

(d) Jackey Formation: Conformably beneath the Ross Formation
foss;liferous shales and minor sendstones constitute the Jackey Formation.
Very few outcrops of this formation occur. Its thickness is estimated
to be one hurdred and forty feet.

D. Permian System:

A gently dipping sequence of Permian formations disconformebly
overlies Pre-~Cambrian rocks and is overlain disconformably by the
Triassic system. The system is predominantly marine, the lithology
being influenced by the glaciation of the adjacent land surface. The
depth of the seas during sedimentation, as inferred by the grainsize of
the sediments and the associated fossil types, varied over quite wide
limits. Inspection of the stratigraphic sequence reveals the rhythmic
nature of these changes. Thickness of the system is in excess of one
thousand eight hundred feet.

(l) Ferntree Group: Underlying the Triassic sedimemts disconformably

is a highly siliceous group consisting of alternations of conglomeratic
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sandstone and mudstone with occagional erratics amd a few marine fossils.
The six formations which constitute the group have an overall thickness
of approximately six hundred and eighty feet and have been distingubshed
as follows:

(a) Bden Mudagtone: The topmost formation is a grey to black
micaceous mudstone almost devoid of erratics and marine fossils. It is
extremely fine-grained, massive ami of medium hardness, and consists
essentially of quartz, felspar and mica. The thicicness of this formation
is approximately twenty feet.

() Blackwood Conglomerate: This conglomerate consists of well
rounded white quartz pepples up to oone inch in diametey, buf largely
of quarte.;c inch diameter in a matrix of poorly sorted sandsione consisting
essentially of quartz and félspar. It is an extremely resistant formation

forming well morked benches on the Tiers face. The thickness of the

formation is from two to five feet. Because of its limited thickness
anmd persist,éfﬂ; outcrop it constitutes an excellent marker fommstion.

(c) Drys Mudstone: This formation consists essenmtially of grey
micac'eous mudstone. Though predominantly fine-grained, occasional bands
of coarser material, in which angular grains of clear quartz_ are evident,
occur tovards the base of the formation. Erratics of slate, mica~schist
and quartzite occur sporadically throug}’nou‘t the formation. The thick-
ness of the formction is approximately three hundred and fifty feet.

(d) Palmer Sanmdstone: A poorly sorted sandstone consisting of
quartz and felgpar. Erratics of slate, mica-schist end quartzite up to
three inches in diameter are common. It forms benches bounded by a
small scarp on the face of the tiers and produces waterfalls in the streams.
The thickness is approximately five feet. The mudstones immediately
gbove and below this formation show an increase in grain-size towards
this formation, but the boundaries of ﬂ;e sandstone are well marked.
Because of its limited thickness and persistence of outcrop the formation
is an excellent marker for mabm.ng.

(e) Springmount Mudstone: A banded mudstone in which the banding
results from alternation of grey micaceous mudstone and light grey
quartz mudstone and the bands vary from fractions of an inch to several:

feet in thickness. The quartz mudstone consists of macroscopic angular
quartz grains in a matrix of quartz and felspar. The essential differ-

ence between the two types of mudstone lies in the grain-size of the
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quartz and the presence or absence of mica. The quartz mudstone is
somewhat harder than the micaceous mudstone. Occasional erratics have
been noted in tho formation but no fossils have been found. The thick-
ness of the formation is approximately two hundred and eigh't.y feet.

(£) Risdon Sendstone: The basal formation of the Permtree Group
is the Risdon Sendstone. It is a grey poorly-sorted sandstone consisting
largely of quartz and felspar. Erratics are common throughout the
formation and marine fossils, notably brachiopods, occur in the lower
horizong. TBegsentially similar to the other Fermtree Group Sandstones
it also forms benches on the face of the Tiers. Because of its greater
thickness and therefore slower erosion the Risdon benches are gencrally
wider than the other Ferntree benches ard are normally covered with a
rubble of Risdon material from the superficial weathering of the bench.
Thicknegs of this formation is aepproximately thirty feet.

(2)  woodbridge Group: Conformsbly beneath the Risdon Sanistone and

underlain by the Liffey Group the Woodbridge Group consistga of approx-
imately two hundred amd sixty five feet of mudstones and sandstones.
Byratics occur sporadically throughout the group and marine fossils are
conmons two of the formetions having very rich faunas. The group includes
three formavions -

(a) Veston tludstone: The upvermost formation consists of adark
groy micaceous mudstone with a rich bryozoan fauna. Several thin members
of quartz mud;tone with macroscopic angular quartz grains occur within
the ?omation. The epproximute thickness of this formagtion is thirty
feet.

(b) Dabool Sendstone: The Dsbool Sandgtone consists of meduim
quartz and felspar grains in a mudstone matrix. Erratics occur in this
formation which is characterised by a rich bracniopod founa. ILike
other Permian Sandstonés it forms benches on the Tiers slope though
these are not as extensive because of the generally higher resigtence to
erosion of the Woodbridge Group mudstones. The formation has an aversage
thickness of forty fest.

(c) Meander Mudstone: The Ueander Mudstone is the basal formation
of theo VWocdbridge Group lying conformebly beﬁween the Dgbool Sandstone
and the liffey Group. Iike the Springmount Mudstone of the Ferntree
Group, it is a banded mudstone with alternating larers of dark grey

micaceous mudstone and light grey quartz mudstone, the latter predominating.
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Occosional erratics and minor beds of marine fosgils occur throughout
the formaotion. The average thickness is one hundred and ninety five feet.

(3) _ Iiffcy Group: The Liffey Group which underlies the Toodbridge

Group conformably consists predominamtly of well sorted quarts sandstones
wvith minor interbedded shales. Tregmeunted plent fossils have been found
in the shalgeﬂ and vorm casts are rmumerous im one fomstion., Drratics
are dbsernt /J:vfn this group. The average thickness of tho group is ninety
feet and thicknesses of the four formationg ulich constitute the group

aro extremely varisble.

(2) Crecltton Sendstones The Creekton Samdstone is o modium grained

quartz sandstone characterised by an sbundance of worm casts. %he
characteristic vorm-cast structure and the limited thickness of the _
formation (eight to ten feet) make it an excellent nepping formation,

(v) Woodside Sandstone: The Wocdside Sandstone is amassive well-
gorted white to cream quertz sandstone with occasional lonses of con-
.glomorate,particularly near the top of the formatioﬁ. The massive
sandstone forms near-vertical cliffs along stream course'; and with othor
membors of the Liffoy Group forms a fairly persistent scarp on the lower
lcvels of the Tiers face. The average thickness of this formation is
thirty five foct.

(c) Ropanmica Sholes: The Kopanica Formation consists cssentially of
grey shales with thin bands of white saendstone. The grey shales contain
plant fragments and carbonaceous bands. The thickness of this formation
is varishle ranging from fifteen to thirty feoet over short distances.

(a) Flat Top Sandstone: The basal formation of the Liffey Group
is a magsive, barren, well-sorted quartz sandstone very similar to the
Woodside Sandstone except that conglomeratic horizons appear to be abseont.
The thickness of this formation is varigble, ranging from fifteen to
thirty feot.

(4) Colden Valley Group: The Golden Valley Group underlies the Liffey

Group conformebly; richly fossiliferocus in part it balso contains ncmerous
erratics in certain horizons ard generally represents a diversity of
lithological types. The average thickness of this group is onc hundred
and seventy feet.

(a) HcRae udstones These mudstones, the unper part of which are

predominantly micaccous mudstones while the lowor part are quartz mudstones,
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underlie the Liffey Group conformably. TFew erratics and occasional
marine fossils occur in this formation which has a thickness of one
hundred and fifteen feet.

(b) Billop Sandstone: The Billop formation is a medium-grained

quartz sandstone conteining mumerous erratics (to six inches in diameter)

and marine fossils, principally brachiopods. The formation forms
broad benches towards the foot of the Tiers. These benches are frequently

covered with gravel formed from the erratics v_vithin the formation.
Thickness of the Billop Sandstone is ten feet.

(c) Brumby Marls: The basal formation of the Golden Valley Group

is a marl with rich marine feuna. Bryozoans predominate at the top of
the formation but towards the base brachiopods (particularly Strophgigsia)
are the most common fossil type. A wide range of range of rock types
is actually represented in the various horizons of this formation which

includes mudstones, marls and limestones. Thickness of the formation

is forty five feet.

(5) _ Quamby Formetion: Underlying the Golden Valley Group conformably,

black micaceous mudstones of the Quamby Formation occur. Bands of
erratics and fossil detritus occur frequently near the top of this
formetion, but these bands become more widely spaced in the sequence as the

lower limit of the formation is spproached. The thickness of this
t

formation varies throughout the area from two hundred and fifty to three

|
hundred and thirty feet. ‘

(6) Stockers Fillites This probsbly represents the basel formation of
s A 0

~

the Pcrmien sequence, being underlaid confgr/mably by roclgzs -‘3f\.Pre-Ca.mbrian
age a few miXes to the east of this area. In the area under ﬁ\scuseion
the basement rocks are not exposed and have not been encountereci{iﬁ
drilling which has proved the thickness of the Stockers formatiot:;‘.‘tof \
three undred and forty feet. The tillite is chaf'acterised by f;ce{‘:ed
erraticsy which range up to three feet in diameter, and are set in a
matrix of micaceous mudstone. There are lenses of mudstone in which

few erratics occur while in other places large erratics pepresent a
considerable proportion of the rock mass. While the erratics represent

a large range of rock types there are zones where particular types

predominatec.’
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4. Structuro.

A. Jectonic Hiatog s
The prolonged pceriod of sedimemtation during the Pormian

and Criassic was termincted by widospredd iunjection of dolorite
prebobly of Jurassic oge. Following the iutrusion of dolerite end
poersisting uniil the onrly %Yortiary a poriod of penonlanatica preduced
8 letoritised oml benxitised surface of lov rolief. Violent bl.ek
Loulting gsgocioted with the Tertiery Bpeirogeny dicmembered tho
poncplain. ©ho coni:ggi plodcan was Lormed £rinzod by a scarp with a
relief of tuo thousaund feot. Iast of the arco ferthor Lamliing im Cho

tmo senpe incronscd the rolict of tho combrel plalcan mass over $he
midlond moss 0 r;gjfll ovor threo thozcand feot.

Sho Qcrtiary bocalts and reloted roclko found 4o ko ssuth omd
wost of $ho arca moy hove extomded into this aren only o0 be ramoved
by ice acticn 4 ring tho Yloictocene glacliotion of thoe aresn.

ghe pottern of marchog, the srescnce of glaciol-type deposits in
thoce dearcasions and vagt pecumaladions of larzey, cngular doleriio
boulders in parts of the aroa susgest that a najor ice sheet moved
sout™ucords across the area during thoe Pleistocono glaciation. Glacinl

ovor-decponing occurrcd alorz gicar gonges in the dolorite surfoce on
the gito of the preoewt morshesc. “he oxtenoives shallow depreccion
occun~ied at preocout by Greai Lalte moy woll ove ito origin $o glreial
orosion.

Ohe paossing of the gloecial peried snw tho dovoiog:aorﬁ% 02 o system
of minor streemo dArcining tho Tlotesu ocurfoceo into @i‘sexts Loke. Ag Uho
coschnons boundary of tho loiic eorroamenip eloocly ATh the Plotomn
garzin Pl Cocn draincge 2lryo Little 70wt 4n Sho iveiclon of dke scurp.

Ap 4ho seorp Zringlng $he Plobera solrects She products of ils
orocion form o broods, gowtly cloping olluvicol fon o $ho basc of Sho
sCorpe. *hogo Goposito aro consiantl s boing xovorked ord zemovad Ly
gtrocn acticn wo cviderced by $ho almoot conzloto lock of wogticxivg
in $he urdorlyin rogilte

Be Termion Sc@imenictions

PR et

Scvorol fertures of <ho Pormign sediluerdotion hove doxonshieal
ox roooion azd ore vorthy of note in o obructurnl oporaiocol.
The olternations of finc-jrmined, leo=clirongth scdinonta proteces

and coarse-grained resistamt sediments produces
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a benched or tiered slope, the coarse-grained sediments of higher
erogion-resi stance forming benches while the finer sediments occupy
the gteep intervening slopes. Passing upwards through the sequence
there is a general decrease in thickness of coarse-grained formations.
The topographical effect of this is that the benches become less pro-
nounced at higher levels.

C. Triassic Sedimentation:

The shales and sanmistones of the Triassic sequence produce

effects similar to the Permian "benching”. The sedimentation pattemm

bears a close relation to the intrusion form of the injected dolerite.
Thus a strong sandstone horizon will direct the intruding dolerite and
restrict its transgression through the sedimentary sequence. No such
control is exerted by the finer gediments. Thus in those formations
of the Triassic where sandstones predominate dolerite injection conforms
with the sedimentary bedding while in those formations where shales
predominete the form of the intrusion is irregular amd dioscoxdan'h
intrusive boundaries are common.

D. Dolerite Intrusion:

The dolerite has been injected into the sediments as a vast
gill-like imtrusion, frequently transgressing across the bedding in a
shelving form. The usper surface of the intrusion has been exposed
and eroded throughout this area. The lower surface of the sill-like
intrusion may occur in the gsedimentary sequence anywhere above the
Ross formation. Thus its tranggressions through the sedimentary
sequence totel approximatly twelve humdred and fifty feet. The maxi-
mum measured thickness of the dolerite sill is in emcess of one thousand
feet though great variations of thickness result from the transgresaive
ngture of its lower boundary and the erosion of its upper surface.

As mentioned earlier, where the dolerite intrudes a predominantly
sand-grade formation the pure sill-form of the intrusion may be retained
over an extensive area. Thus the dolerite-sediment contact low in

)
the Cluan formation extends, without major transgression from D/rys
Bluff (Map Square 4786) southward to the Palmer Track (Map Squx?ire 4785)
ard in the area east of th: Tiers fault no transgressions fronr(_a similar
horizon have been noted. Where the lower surface of,/;;bhe int%l'lsion

/
occurs in the Tiers or Newtown formations (both predominantly \shale

s
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deposition) » the contact is irregular and frequent shelving of the
contact across the sedimentary sequence occurs. The dolerite-sediment
contact may cut across the stratificotion at any angle dbut there appears
to0 be some preference for a slope of five to fifteen degrees.

At only two knoun points in the area is there evidonce of dolerite

intrusion into sediments stratigraphically lower than the Cluan formgtion,
In the north-west of Man Square 4686 a steep transgression of dolerite
through the Permian sequence was mapped. In the north-uvest of Map
Square 4786 an area of dolerite talus suggests the presence of a dolerit‘e
intrusion through the Permian sediments. These two intrusions may

well be "feeders" of the sill dolerite higher in the sedimentary sequence.

B. Faulting: |
The Tertiary epeirogeny produced a network of faults and shear

zones. separcting tilted blocks. There is some tendency towards a

general gouthenest dip of the sediments in this arca, Hovevor,
divergence in the direction and amount of the din indicates th 1 the
various blocks were tilted indepenqgﬁtly during the epeirogeny. %o
accommodate this tilt-variation the faults between blocks are often
complex, & rumber of sub-parallel faults and crush zon:s .represetrting
the overall displecement betwecen contiguous dblocks. Further :djus'tmept
betueen blocks has been attaincel in wide zones of shearinzg which show
little evidence of any associated vertical movement of either bounding
block.

Becau-e of the closeness anmi complexity of faulting a given fault is
rarely constant in throw or direction. Fhe 'f\\row‘of one fault of a system
may be transferred via a transverse fault to anocther mcmber of the system.
An examile of this may be seen in the Tiers Fault near the north-east
corner of Map Square 4885. Here the throw on a north-north-.est treniing
fault is transferred along a transverse fault trending west-north-west to
another member of the north-north-vest system. “The tendency is also
reflected in the marsh deposits, as in Map Squaroc 4785.

As far as can be ascertained all faults are normal cmd near-verticel.
According to their direction the faults in this area may be grouped into
four systems.

(i) A system trending north-north--est conforms with the major

trend of faulting recognised over much of the old "structural core" of
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Tasmenia. '» In this area the trend is not nearly as pronounced. The
major fault of the area, the Tiers Fault, belongs to this system as do
some minor faults and shear zones.

(11) A system trending east-north-east are the most mmerous énd
also the most persist/a;t laterally though the throws rarely exceed two
hurdred feet. There is a tendency, if only slight, to & radisl arrange-
ment sbout a cemtre west-south-west of the area. This is well illustrated
by the faults and shears of Map Square 4785.

(iii) A minor system trending north-north-east congists bf members
of small throw and restricted lateral pergistance. An interegting
development in the shear patterns is evident on Map Square 4785 where a
combination of shears tremding north-north east and those trenmding
east-north-~east produce a resultant lineation north-north-west. As this
direction coincides with Tremd (i) it suggests that thire may be a
gtructural weakness in the basement rocks in this direction.

(iv) A fourth system, not well represented mmerically in this
area but including a major fault between Cluan Tier and Drys Bluff
(Map Square 4786), trenis west-north-west. This system is best developed
in the north of this aresa.

From a regional view-point the fault evidence suggests that the
area is perhaps marginal to the Ptre-Cambrian "core" of Tasmania and‘ that
it lies east-north-ecast of this core. 1In suvport of this theory we
have the north-north-west trend less sfrongly developed than in other
areas to the south and south-wcst, the tendencyfo a radial arrangement
about a point west-south-west of this area and quite a strong development

in the north of this area of a west-north-west system.
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PART B.

HISTORY AND CHARACTER OF THE WESTERN TIERS.

I. ORIGIN AND RETREAT OF SCARES:

l. Formgtion of Scarps:
Based on their formation mechanism three major types of scarp

may b2 recognised within the area.

A. Pault Secarps.
B. Pault-Line Scerps.
C. Stream-Cut Scarps.

A. Fault Searps:

The north-north-west trending scarp extending from the
southoern boundary of the area to Drys Bluff is a typical Fault Scarp.
During the Tertiary epeirogeny the Central Plateau area was upfaulted
gome three thousand five hundred feset relative to the lowest dlocks of
the midlands east of the area under discussion. Movement took place

along a series of faults trending north-north~west. The major fault

of this gystem, with a throw in excess of two thousand feet, is the
Tiers Fault indiceted on Map I. As no other persistent fault of

gimilar trend occurs between the Tiers Fault and the present scarp it
may be assumed that the Tiers Fault is primarily responsible for the

formction of the scarpn. The retreat suffered by the scarp gencrated
by the Tiers Fault and the subsequent erosion of the area across which
retreat has taken place has produced the present scarp with a reliefA
in excess of three thousand feet. The presence of remnants of the
dolerite cap on the downfaulted block east of the Tiers Fgult indicates
that other fault-scarps to the east did not retreat to and amalgamsate
with the Tiers Fault Scarp. Thus the formation of the presemt scarp
may be related solely to the Tiers Fault.

A fault-scarp with a relief in excess of a thousand feet was
formed by the Cluan Fault which separates the Cluan Tier block from the
ad jacent Central Plateau Blocks. This scarp has been accentuated in
the region of Drys Bluff by the down-cutting of the Liffey River along

the fanlt zone. The relief between the floor of the river and Drys

Bluff is now in e¢xcess of three thousand feet.
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Fault Scarps formed on faults of smallor throw have been
obliteratcd in most areas though remnanis of these scarps may be
found on the arcas of dolerite.

B. Fault-Ling Scarps:

When, through prolonged action of crosive forces, the down-
faulted block stands at a higher level than the comp],ilnentary up-
faulted block the scarp scparating the two levels is termed a Fault-
Line Scarp. The wegtorn slopcs of the Dolerite hills eust of the
Tiers Fault constitute such a scarp. The dolerite canping of the
d»ownfaulted block hos proved more resigtamt than the Permian
sedimemts exposcd by the retreoast of the Tiers Famlt Scarp and a

Fault«Line Searp with a relief of up to five hundred feet has resulied.
Frosion of the fault zone of the Cluan Fault by the Liffey River

has produced a scarp on the southern morgin of Cluan Tier. This

gcarpy with a relief of one thousand feet may be termed a Fault-Line

Scerp though it may be better classified as a Stream~Cut Scarp.

C. Stroom-Cut Scarps:

A lineation parallel to the Cluan Fault (trend west-north-wvest)
follows Jackey Creek and a "reach" of the Liffoy River. Although no
foulting has boen detected along this line it obviously pepresents a
zonc prone to erosion and is probably akin to the shear zones mapped
elsowhore in the area. Strcam incigion to depths in excess of two
thousand fcet along this zone has produced similar séarps on either
gide of the incision. Although these scarps may be related to the
‘Hectonic nattern (the Jackey Lincation) they were not formed at the
timo of, nor as a result of, faulting. They were formed as a result
of gtream incision and may be termed Stream-Cut Scarps.

2. Ace of Scarps.

A. Fanlt Scarps.

Sinco the faulting displaeces the dolerite and older rocks of
the area it may be assigned to vhat is generally accepted as the
Teortiary Faulting of Tasmonia. The most recent contribution to the

dating of this faulting is that of Gill ond Banks (1956, p.12.)
Phe prosence of Trisptcites (presumably pre-Yallournian) in Launceston
Groun Sediments which post-dute the initiation of Qertiary faulting
' suggests to these authors that the main scarp-forthing faulting is

probebly Eocene in age.
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B. Fault-Line Scarps amd Stre:m-Cut Scarps.

The nature of formation of these scarps precludes the
dating of their initiation. It is sufficient to note that in their
present form they are considerably younger than the Foult Scarps in
this area..

3, Climatic and Erosional Higtory.

The major geological events of the area may be summarised as follows:
A. Faulting.

B. Sedimentation in fault troughs.

C. Basalt Effusion..
D. Lateritisation.
E. Glaciation.
These events will be used as a basits for discussion of the

climatic amd erosional history of the area.

A. Faulting.

The duration of faulting is not known with any certainty.
While the main scarp-forming feulting is probably Eocene in age it is
probable that it comtinued during the deposition of the Launceston
Group. Faulting has displaced some of the Launceston Group beds, as
seen in the excavation for the Trevallyn Power Station. Rapid erosion
could be expected on the newly formed scarps. The presence orfl coarse
boulder beds, considered by Carey (1947, p. 37) to be redistributed
earthduake debris very near the base of the section, suggests severe
erosional conditions.

B. Sedimentation:

The sediments of the Lemnceston Group show evidence of a
number of climatic cycles. Carey (1947, p. 40.) points out that
seams of lignite characteristic of the early p-rt of the lake sequence
and horizons of laterite and ferruginous sandstone which occur particularly
in the later phases of the s-quence, probadbly represent definite phases
in the climatic oscilletions. The sbundanmt fossil plants of the
sediments belong to genera which, today; are churacteristic of warmer
and more humid climates.

The available evidence for the upper limit of scdimentation is scant.

Gill and Banks (1956, p. 12.) showed that marine transgressions deposited

limestones of Upper Oligocene to Lower or perhaps Middle Miocene age at
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Marrawah. Valleys eroded in similar limestones at Irishtown (within
twenty five miles of Marrawah) contain sands, gravels and lignites
with a Tertiary flora which disappeared from S .E. Australia by the erd
of the Pliocene. These sediments, therefore, probebly fall within
the range Lower Miocene o Pliocene. Since sediments of a similar
type occur in the Launceston Group and since climatic conditions

suitable for the depostion of (say) lignite would hardly be restriced to

an area which excluded the topographically similar Launceston basin
(within one hundred miles of Irishtown) it seems reasonable to suppose
that some, at least, of the Launceston Group sediments are of similar
age. On these grounds we may assume that sedimentation in the Launceston
baosin persisted at least until the Miocene.

Oscillations in the climeate will have produced a variety of
erosionzl conditionse. However the presence of over a thousand feet
of sediftents with evidence of rapld accumulation suggests generally
severe erosional conditions during deposition.

C. Bagalt Effugion:

Sedimertation in Lake ILaunceston was terminated by the pouring
out of basalt from scattered foci. Gill and Banks (1956, p.12) have

given the known limits of basalt effusion as Lower Oligocene and Middle

Pleistocene. In view of the foregoing remarks on the age of the
Launceston Group and the topographical evidence - the complete erosional
obliteration of many volcanic features - the dating seems rather
conservative. Miocene - Pliocene seems a reasonable assumption. (The

upper limit of this range is supported further in subsequent paragraphs) .

D. Lateritisation and Bauxitisation.
- Basalt flows in the Launceston basin overlying Launcegton

Group sediments have been bauxitised. (Bdwards. 1955, p. 20). Further,
quite extensive deposits of laterite underlain by "gfey billy" have been
noted on thé margins of the Launceston basin at levels comparable with
that of the uppermost Launceston Group sedimeunts. The thiekness of
laterite ard "grey Billy" west of the H.E.C. Transmission Camp, Cressy,
is in excess of thirty feet. This evidence suggests that following the
basalt effusion a prolonged period of lateritisgtion occurred.
Whitehouse (1951) suggests that lateritic processes oparatéd in Australia
during ap interval that covers parts of both the Miocene aml Pliocene

periods.
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If we assumo thot a p-réicular laterite-forming climcdtic cono was involved
nod that the ascuthern limit of thlis sonc migrated worthwarlds during the
Yiocene = Piiocene time interval it i1s aviareat thos ‘the Jasmanian
lteritisation oceurred in the carlior poxt of this rangee

=anlon {1973) cummariscd the currant vicus on tac climatic omt
tonog . oohic comdition:s favourable for lateitisation. Sho most
euitchle elimato ic o worn cac vith a vorioovle incideate of rainfoll
not sufficient to @swport dcasc peremmial vegettica. A toyocranhy
ap-roaching percplormtion with mechanicol crosion at & winimum is
most sumitable.

B, Glicintiont

Overlying the laterites and beuxitised b salts are the
post-basaitic goavelly scnds known as thoe Brickendon 3ania.  Stophens,
Baldrin ond :osking (1942 p.ll.) consider these represens sravel
terinces of ne Pleigtoconz gleciation. Heer the foot of the Tiers
a sunll vieteou @srBssti) rath a sloping surface, no doubt renresemis
a remnsm 02 an eorlier face ozgei*e‘trozraiug geerd. Shig plateau
("talus filgsiron’ ) 15 copped with very lorge angular blocks of dolerite
undorlain by nisolitic literite. %he sige (up to ten feet in diameter)

am cylfrcue anzul-rity of tho doleridte ip suyggesiive of glacial
depogition.

‘fae preconce of precuncbly glacial deposits underlain by larerite
aguggcats that crosion reg not severo in this aroa dbetwoon the poriod of
Jateriticction ar? tho onagh of glociovion. The ounly avidonce so far
producas for the datiag of whe onsch of glaciation in Tasminia is a
redio-carbon dating by 6ill (pers. com. 13.6) o2 a sunple from varves
of the finde Valley in wasitorn Yactanin. Chis gives an ags of tuomty
oix thousand ye ro for these depuvius.

Cho degrec of gluciation is a matier of importace in assessing the
provailing crogional conditions. ©Tro plutesy suri.ce in the arca
otudied Doars iivwie .rescmbl..nce 1o Che aore ty ically glacial terrain
t0 the west of thia orea. leverthelass, corsuiu Zousures sugzest the
prosonce of cn ice shaoet ia tio avea giudicd. Zhe bro.d, morshy
deprossionsy tho rovwied ridges with a saggesiion of »slucked faces

and the accumulations of angsular dolerite boulders suggcss the prescnce

of an ice sheet. Certain features of the scnrp marging notably the
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major joint "trenches” and the"benched" scarp rim (Fig.o , Photos.des)
suggest ice action. It seems probsble, therefore, that glacial
cohdifions or, ot the very least, periglacial conditions, persisted
in this area.

On the evidence in other parts of S.E. Augtralia it seems that
the Quaternary included, in sddition to frigid phases, certainly one
arid phase and possibly three or four such phases. Crocker (1941),
Browne(1945), Crocker end Wood (1947) and Gill (1955) support the
presence of at least one arid phase during the Quatermary., Gill
(1955, p. 204) proposed the name Post-Glacial Thermal Maximum for
this phase for which radio carbon determinations give an age of
five thousand years. Butler (1956), on the evidence of "Parma’
sheets on the Riverina Flain, suggests the presence of four periods
of widespread and intensive aridity each preceded by a humid phase.
The Post-Glacial Thermal Maximum represents the most recent of these.
Sprigg (1952, p. 102) has summarised the geochronolog, ¢f the

Quaternary and imwlicated possible ages for glacial and interglacial

phases bzsed on the Milankovitch Astronomical Theery. It will be
noted that the evidence of interglaciél high shore lines supports the presence
of three interglacial pheses md a post-glacial phase as suggested by
Butler.

The evidence so far noted of Quaternmary aridity in Tasmania is
restricted to the presence of lunettes similar to those described
by Hills (1940} in Victoria. These lunettes are evident on the
eastern margins of swamps on remnants of the youngest sediments of
the Launceston Group.

I1f we accept the Quaternary record as suggested by Butler (1956)
for Victoria as equally applicable to Tasmania it is evident thaot
the Quaternary has been a period of repeated wide climetlic variations.
The erosion conditions were severe during glacial phases and the
fluctuations from humid to arid corﬁitions would materially accelerate

the scarp retreat.
An imterpretation by Giil (1955, p. 205) of climatic conditions
in S.8. Australia following the Post-Glacial Thermsl Maximum suggests

that a wetter period corresponding to the "Iittle Ice Age' of Matthes

was succeeded by a general movement of climate towards a warmer and
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drier phase. The present climate is incorporated in this trend.
Gill's dating of ‘the ¢nd of tha Pogt--0lacial Thermal Maximum is
four thousand yeara before the presert.

4. Summary of ¥Brogional Phases During Scarp Relreab.

During the period of faulting rapid erosion of the newly
formed scarps resulied in accumulabions of carthquake debris.
Initial rapid retreat of the scarps occurred with a decreasing rate
of retreat as the scarp faces assumed a more stable form.,

Phage 1I.

During the period of derousition of the Launceston Group the
general prevailiug piuvial conditions promoted fairly repid erosion
of the scarp as instanced by the huge cuantities of sediments
(thicknesses in excess of a thousamd feet have been measured) deposited
in e comparatively short time intervel.

Phase I1I.

Following thc bagalt effusions which maﬁkéd tﬁe close of
deposition of the Launceston Group =2 prolonged periocd of lateritisation
and beuxitisation occurred. During this pericd nechawicol erosion
was apparcntly ot o minimum and scarp retreat would heve been slow.
It is even possible {that the scarp reached a stable stste for the
conditions then prevailing.

Phage IV.

The onset of glacigtion anl subsequent climatic coscillations
revging from frigid pericds to inmterglacial arid periods must have
promoted repid erogion end retreat of the scarp face. This phase
includes the Post~Glacizl Thermal Meximum.

Phase V.

4 climstic phaso wetter them at present succeeded by a trend
tovards a wormer erd drier climate was'p;obubly reflected dy a
slowing down of tle retreat of the scarp.

5. Retes Of Retreat Of Scarpsg.

The history of retreut of the various scarps which constitute
the Westorn Tiers will be coneidered in an effort to determine the
rates of retreat under the difforent climatic and erosional conditions

outlined in the preceding section.
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A. Scarp formed by the Tiers Fault:

The mean position of the present scarp rim may be represented

by & straight line between Drys Bluff and M. Blackwood. The
digtance between this line and the Tiers Fgult, representing the
total retreat of the scarp, is approximately thirty thousand feet.
This retreat occurred G\}ri.ng the period covered by the five erosion
phases outlined earlier,

Not enough evidence ig available for the dcterminction of the

volume of earthquake debris in the Launcestion Group and hence the smount
of retreat during Phase I.

Calculation of the total amount of retreat during Phase I and
Phase II depends on determination of the margin of the Laurnceston
Group sedimemts. Stephen, Baldwin and Hosking (1942, Fig. 1.)

indicate that the boundary of the Tertiary basin was close to the foot

of the Tiers. This location ie confimed to soms extent by soil
tests on clay smmples from Palmer Rivulet. Soupley were collected

at the conflucnce of Palmer Rivulet and Brumby Cresk and gt a mumber
of poimts upstream as faor as the sixXx lundred feet coutour. AR
these camples showcd precompregsion snd a fair ag;recmewnt as $o the
thickness of overlying sedimerts origimally prescnt. The figutes
sugzest that the marface of the original sediments sas gome seven
hundred feet dbove sea level. This figure is in reasonable agrecment
with the known upper levels of the Launceston Group. The possibility
that pre-compression phenomena werc dus to desiccation ¢ ninot be
overlookxed but the general ugreement of levels and the previous work
of Stephens, Baldwin end Hosking support the hydsothesis of compression
due to loadinz. The proven western limit of pre-compressed clays,
presumadly belonging to the Launceston Group, is the point where
Palmer Rivulet crossces the six hundred feet contour. This provides

a retreat of the foot of the scarp of some thirteer thousand feet
from the Tiers Fault. The period of this retreat is of the order of
thirty million years (Mid Tocene to Early Miccene are the limits chogen).
The rate of retreat is thereforse of the order of one foot per two
thousand, threc hundrcd yoars. Obviously #hig figure represcnts
nor more than the order of the rezl rate of retroat.

It has been suggested that during Fhase III comparatively little

-mechanical crosion occurred. The presence of several large flosters
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(‘theee feet in diametor) of "groy billy" in the bed of Palmer
Itivulet one thousand feet downsiream of the six undred feet contour

suggests that strong lateritisation occurred in this vicinity. The

=T

pisolitic laterite overlying Permian Kudstone and undcrlying dolerite
blocks on the talus flatiron (853N487E') suggest that the lower slopes

of the scarp itself wers lateritised. ''his occurrence supports the

view that mechanical erosion of the scarp during this phase was
glight. 1t should be noted that since the ovorlying dolerite blocks
rolled from the top of the scarp the talus flatiron was incorporsated
in the scarp face whon these blocks were doposited. 1t follows that
the "talus flectiron" did not exist ss such, offering a protected
environient for the formation of the lgterii;e, ‘during Phase I1I.

The large czngular dolerito blocks which cap the talus flatiron
mentioned sbove (nd a similur telus lation to the north (856 432E)
have been agsigned to Phase IV, Their gize and unguiarity completely
unlike any dolerite blocks found on the present scarp' face av a;.milar

loevelsy suggest an origin during comditions of exireme mechanicdl

erosione. Their aimilority to dolerite boulder sccumul.tions found

on the Ceniral Platemn and gencrally atiributed to ice or frost action
suggesis that their empl aemeni occurred during vhe pcriod of gleciation,
Since these dolerite blocks immediately overlie laterite they may be
gssigned to the first stages of exireme mechanical erosion. The
retreat of Lhe scarp face from its pousition when these blocks were
deposited to its present position may be calculated. If parallel
retreat is assumed {congtanc. 'of slope of -+the scarp face is maintained
in parallel retreat) the amount of retreat is the distance between
gimilar levels on the "falus figtiron® ami the scarp face proper

(See Fig.io.) Phig digtance is of the order of three thousarmi feet.

The inception of Phace IV may have been as recent as the only radio

Bven if the beginning of the Fleistocene (sizhundred housamd years ago)
is taken ag the beginning of Phase IV the rate of retreat of ihe scarp
for phase IV cnd V is of tho order of one foot per two hundred years.
Coupare this rzie of reireat with the rave calculdled for Phases I and II,
(one foot por two thousand, tiree hundred years), or for the average

retreat from formation of the scarp (at least sixty milliom years sgo)

\ to the present - an average rate of the order of onec foot per two

N -
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thousand years. These comparisons indicate that retrzat during

Phase IV cnd V iz far more siguificant thun any previous retreat.

thile no division betwecn rhase IV end Phsse V is possible cn present
evideunce the generally milder climate during Phase V and the much
shorter durction of this Phase = four thousand years (Gill 1955, p.205) =
suggesis that Phase IV is the dominant Phase of scarr retzrccet.

B. Scarp formed by the Cluan Faulte

In the cas: of the Cluan Fault the scorp produccd had a
relief of ebout one Lhousand fce%, ornly cbout holf therelief of the
scarp formed by the Tiers Fault. The down-femlted block (Cluan Zier)
remained at a level sone ‘thousand feet atove tho lowland surface to
the north and east. The effect of thig clovited block &b the foot of
%he newly formef scarp was probably reﬂec‘aed_ in a slowor retregt since
it would affaect drainege L£rom the scarp face.

Hore effective in retarding the retireuwt in comparison with that
from tire Ticrs Tault was the physical n.ture of the scarp Liarmed.
he Tiers Fault exposed dolerite d underlying sedimentis. Removal of
the more casily eroded seditmicnts would cause ¢ollapse of the dolerite
and retreat rate would be governed by the ratc of srosion of the
sedimneats. The Cluasn Fault, on the othor hand, exposed only dolerite -
the underlying sedimenis were at a lower level than the surface of the
Aown-fomlted block. In this case vetreat would be govcened b, the
rate of erovsion of the Jdolerite, a much morc resisitamt roclt than the
sediments which controllcd the Niors Scarp. Thege fuctors,'then,
explain the small retre.t (less than nive thousacd feet) from the
Cluan Tault to Drys Jluff.

The ph;sical nature of the sca p fuce .nd the driinage control on
the louer slopes, whilco paramount in the case of water erosions, would be
less effoctive in the case of erosion by ice ¢nd frost. These agents
acted predominantly on the rim of the scarp during Phage IV. No
evidence of glacial topography could be found on the scarp Lace amd it seems

pogsible that while on ice cap may have oxlistod ou the plateau.surface
the tongues of ice which over-ran tae plgteau mcrgin melted on the upper
8lopes of the scarp face. It such tongues of ica over-ran the rim of

the plateau they would bs .most effective in plucking the woll-jointed

dolerite from the plateau edge. There is ovidence to suppest this

theory.
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Inspection of Map I indicates that in the immediato vicinity of

Drys Bluff the pluleau Las u raised rim. The Drys Bluff promontory
gurfece ig, in fact,chuped liko a half saucer. It ig Possible that
ice action produced this form ani it is dmost cerbain thut no ice
over-ran the platem rim in this vicinity. Inspection of the
platess rim inmedisiely o tho south-west of Drys Bluff (4720T 8620K)
on Map I wad Uap Square 4786 reveuls a different picture. Not only
is there no raised rim in ihis vicinity but broad marshes cxtend to

the pleteem margin. Beyond this point broad fields of dolerite

~ boulders extend towards the Liffey Vulley om o generel slope of

eleven degrees. This siope is well below the nafurel saplc of

repose cf such accumulations. All these conditions could be

explained by the over-runuing of the platcau magin by & tongue of

the ice sheot. It uill be noted what the direetion of novzment of
these vongues of ice need uot conform with o gener.l wiCespread
movemens of the ice sheet. Tho nmovememns of ifnolabed longues over

he rim of the scarp ~ purely loucal movcmen® - would bg »xpecsed,

Such movenments would provide stresgs-rclicf in “he ice ctY mss. 2hig
would also explain the lack of ;a-rsisi’,;;lco dowa the seary fuce of these
tongues. Relative pogitions of the raised iim e2arp nd the dewragsed
swampy rin with respceet to the Cluan Fault inlicatzg the relativas aitounts
of retrect at those poimta. Accsptance of the ico erosioh hypothesis
would sgtrengthen ihe argument that Phase IV was the dominavs erogion
phase in the history of the scarp relraat.

C. Scarps formed by Siram Incision:

Streem incision glong a linga;{;‘ion coinciding with t ho present
courge of Jackeys Creek smd a reach v? the Liffey River hay produced
gearps to the north and south of this lineation. I% i3 important
to realise tht 0o apprecieble versical movem nt occurred along this
lincation. Srosion dirccted by the lin:ation sroduce? tho scarps.
Zae relief of the scarpa {tvo thousmd feet) is simil v, tha samo
sequence of racks is iuvolved dut their ititude reladtive 4o the scarp
differs. Qbus while the sedimarns of tie northera s2arp dip outward
from the scarp those of the southern geary div inwnvds. !See section
on Map Sguare 41655).

The retreat of the northern scarp measured normal to the lineation
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is some nine thousand feeh . This is a similar amount of retresat

to that at Drys Bluff. Yet the latter was produced by faulting and

is therefore considerably older than this northern scarp. This
suggests that retreat conditions were more fevourable in the period
commor; %0 both scarps, ncmely, the later period embracing Phase IV.
2he prospect of ice tongues operating on the northern scarp is remote
since it is an isolated fragment of ;b.he plateau the total area of
which is no more than five times the area of thet portion shown on
Map Square 4686.

The retreat of the southern scarp, measured normal to the lineation,
to0 the promont‘ory just west of the lake highway is eight thousand feet.
This promontory hes a raised rim similar to that at Drys Bluff so that
ice-tongue action is not suspected. The agreement in amount of retreat
of the north and south scarns suggests that the effect of the different

relative .
dips of stroata selective to the scarp face is of little significance.
If the retreat of the\ southern scarp is measured where ice tongue
action could have opereted, mamely in the south west corner of Map

Square 4686, a figure of ninecteen thousand feet is obtained.
However the possibility of s similar, though weaker, lineation along
Worners Creek nullifies this evidence.

A striking feature of this crea ist he limited catchment ates
and the low stream flows of Jackeys Creek. Umier the present climatic
conditions the catchment areay even with the additbon of the headwaters
of the Liffey which may have been captured from the Jackey drainage

systemy would not provide sufficient water to erode the valley to its
present depth. 1In an earlier gection it has been suggested that climates
up to the begiming of Phase 111 were not unlike the present climate
as regards rainfall. Phase III was apparently considerably drier. Phase
IV, with huge volumes of water available from the ice cap appears to
be the only Phase with far greater gtream flows than the present. It
seens, therefore, that much of the stream~incision occurred during
Phase IV. A similar argument could be applicd to the stream-incision
of the Cluan Fault Zone. The comparatively late eXposure of the
sediments on the up~-famlted block has produced a scarp gimilar in relief

awd physical composition to that produced in the early Tertiary by the

Tiers Pault. The difference in mount of retreat of the now similar



(29)

scarps sqgges’ts that they have assumed that sdimilarity comparstively

recautly, This is in accordance with the earlier sugsestion that their m ark-
ed vhysical differences ai the time of origin explaein the difference in

their rate of retreat up to the beginning of Phaze 1IV.

D. Fault-Iine Scurps:

The fault-line scarp immediately to the east of the Tiers

Fault reaches its waximum developement in Macraé Hille (Cen‘bre—ground
right-hand mergin of photo.l, and WMap 1.). Bven though it is thought to
have exigbted at least since Phase IIT, since lgateriie depdeits occur.:
on the western flanks of the southern extension of this scarp (east of
the area under diséussion'), there hag been very litile retreat of this
scarp. The sediments underlying the dolerite are not exmposed along
‘the fault-line go that retreat depends on dolerite erosion. It has
beon suggested in the case of the Cluan Scarp that dolerite erosionis
hest affectad by ice and frost sction. The pancity of dolerite

erogion in this area which was almost certainly 'f,’z-ee of ice or

prolonged frosts throughout its history could Tae taken as support

for the effectivencas of ice and frost erogion.

IX. NATURE OF GCARP IN TERMS OF SLOPE ELEMBNIS:

Heving studied the origin and retrest of the various scarps

which constitute the Western Tiers it is now intended to discuss
Yhene soarps in terms of their glope elements end combinationg of
these elemeunts which constitute what may be termed "unit scarps®.

l. Slope Elements.

In bio psper on landscape evolution King (1953) describes four
elements which may occur in hillside slope. Thess hs terms waxing slope, free
face, detrital slope and waning slope (including the pedimemt).

These eleuments are illustrated in the text figure below.

Waxing GSlope.
\ -
T— $5 % s ¢ 3 ) S SR S S < F ree Face.

\ >€ Debrifal Siope.

— Warning Slope.

\
—
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This terminology fits the Western Tiers picture perfectly as ’do
King's qualifying remarks, a precis of which follows:

Each or any of the elements may be suppressed.

Each element may evolve more or less independently.

The mogt eotive elements are the free face and debris slope.

When the free face and debris slope are inactive the waxing
slope becomes strongly developed and may mect the waning slope.
The resulting concavo-convex slope is a degenerate form.

2. Scarp Blemeuts.

The essential elements in the scarp-form are the free face
and detrital slope. These elements are best developed in regions
of moderate to high relief where a cliff-forming rock is underlain
b:_/ a less resigstant material.

3. _The Tiers ~ a "Multiple Scarp"s

A. Congtituents:

The combination of critical slope elements, suitable

relicf and favourable juxtaposition of hard and soft strata occurs
on the Western Tiers not singly but a number of times. The
combination is represented not only by the cliff-forming dolerite
overlying weak Upper Triassic sediments but by all those cliff-
forming sandstone formations of the Triassic and Permian overlying
shales ~nd mudstones of appreciably less resistance to erosion.

Thus the Ross sandstone, the Liffey saendstone and to a lesser

N

degree the thinner Permian sendstones represent laterally persi stﬁaﬁ
free faces on the Western Tiers slope. The Wegtern Tiers is therefore
a "multiple scarp” the units of which vary markedly in character

and magnitude.

B. Profile and Drainage:

The slope elememts (free face, talus slope and waning
slope) which produce the smoothly concave profile of the unit scarp
are repeated for each unit of the miltiple scarp. The result is a
"goiillnped" profile with a series of benches on the multiple scarp
face - hence the neme "Piers." (See Fig. 10 ).

The repstition of free-~faces modifies the drainoge pattern
usually associated with scarp slopes. Drainage of a steep slope

when the slope itself represents the entire catchment is usually

effected by an anastomosing system of channels and rills with
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frequently changing courses. Ko deep incision of such a slope
occurs. In the case of a multiple scarp of similar grade the
repetition of rock outcrop in the form of free faces of the various
unlt scarps has a restricting influence on the drainsge form.
Wator gaps form in thesc outcrops which restrict the lateral
migration of suporficial drcinage cha.mels. The rosult is a
syotem of permanent channels traversing the entire face of the

Tiers at more or less regular intervals producing deep incisions

in the line of the scarp. (It should be noted that very little
Plateou droinage is carried on the face of the Tiers.)

Buttress~like interfluves extending from the top of the face to
points on the pediment w2ll beyond the general line of the base of

4
the Tiers indicate the pemmanance of the drainage form.

C. _Intoraction of Unit Scorps:

In spite of the variations in magnitude and character
of the unit scarps invdkved their rate of retreat is sensibly the
same since the Tiers scarp, as a whole, has retreated. It is
reagonsble to suppose that theretreat of any unit is governed to
some extent by the retrcat of adjacent members. For ingteance,
collapse of a section of Ross sandstone cliff has two immediate
effects.
(a) It removes the toe of the slope above accelerating
the scarp retreat cycle in the unit immediately above (dolerite).
(b) It imtroduces greater loading, in the form of blocks
from the ¢liff collapses on the unit immediately below precipitating
failure in that unit.
The effect of this contemporaneous collapse of a mumber of units

is t0 maimtain uniform retreut over the whole scarp face.

IIT. _COMPOSITION AXD RETREAT MECHARISHMS OF UNTT SCARFS.

I. Dolerite Scarps:

The dolerite "sill" which caps the Permo-Triassic sedimentary
sequence and forms the surface of the plateau in this area'provides
the frec-face of a scarp which dominates the Western Tiers. The
dominance of this unit is due not only to the thickness of the

dolerite or its position at the top of the succession of unit scarps

which constitute the Tiers, but to a mumber of features of the unit
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which will emerge in the following discussion.

A. UVaxing Slopes.

The waxing slope is not well developed in areaswhere a

free-face is present. The high resistance to erosion amd the

active retreat exemplified by the free-face hinders the development

of a typically convex waxing slope. Where the free-face is absent,
however, the waxing slope may constitute a large proportion of the unit.
In the fault-line scarp east of the Tiers Fault the free-face is

rarely developed and the convex slopes of this scarp represent the

ultimate development of the waxing slope‘.

Certain features of the waxing slope in its poorly developed
form on the plateau rim are worthy of note. In some areas trenches
have developed along major joints. These trenches are roughly rectangular
in ecross section, generally up to six feet in depth and up to ten feet
in width. At the point where the joint intersects the free-face
the dimensions may be considerably greater (See Figs. 4&@ and
Photos. 425 ). These trenches may persist well beyond the limits
of the waxing slope.

Associated with the joinmt trenches and restricted to the same

areas are features which constitute a stepped margin to the platesau.
These features are illustrated in Fig. 6 . Each "gtep" is level,
bounded by ma jor joints and backed by dolerite cliffs. (Photo. )
Originally it was thought that these steps hed been parts of the
plateau surface which had subsequently dropped but a thorough search
revealed no evidence of movement on the bounding joint planes. It
seems more likely, in view of their association with the trenches
that they are the result of erogion processes. They may well be
connected with tongues of ice which, it has been suggested, overran
the platean margin. Preferential erosion of the joint zonés by
ice action could produce the joint trenches and ice action is known
to have a step-forming action on slopes. Johnson (1904), Andrews (1910)
and Matthes (1930) are among those who have advanced hypotheses as
to the nature of the process whereby the steps are produced.
Matthes (p.89, 1930) describes in some detail the process whereby
moving ice excavates. The ice, taking advantage of exigting

fractures in the rock, dislodges jJoint blocks, particularly those



(33)

with one face unsupported, as in a ¢cliff face. In this menner
the joint blocks agbove a well developed horizontal joinmt plane

(now represemting the "tread® of the step) could be dislodged

and carried some dista ee down the face of the Tiers. The complete

absence of trenched joints and stepped margins at points where the
platesu has a raised rim (as at Drys Bluff) suggests that the
"trenches" and "sfeps“ are due to an erosion process rather than a
structural relation between dolerite and underlying sediments,

The gtructure relations are apparemtly constamt over long distances
of the rim while the erosion processes may well have varied widely
over the sam distances.

B. Free-Faces:

The free-faces of dolerite form a wall of varying heights
up to nine hundred feect (Drys Bluff) along much of the scarp rim.
The slope of these cliffs varies consider:bly and of those measured
no relation between hieght and glope could be esteblished. A series
of near-vertical joint faces separated by ledges of varying width make up thest
slopes and it is possible that some relation exists between joint-
spacing and cliff-slope.

A prominent feature of the cliffs is the strongly developed
vertical joint system. This feature is developed almost to the
stage of the well known "Organ-pipe" structure of basalts though
the jointing is not as regular as in the betier examples of that
gtructure. The effect of this pronounced jointing is to make the
rock particularly prone to frogt action during the winter monthg.

(How mich more prone to ice plucking!) The thaw of frost-filled
joints loosens end precipitates maeny individual joint blocks on to
the scree slopes below the cliffs.

As well as the vertical system (evident in Photos.s.2s2) several
other joint systems are apparont. A fairly wcll developed
near-horizontal system may be discerned in Photos. G&7 while in
Photos.lice 18 a few strongly developed oblique Joint planes may be
seen. All these joint systems play an important part in the rcotreat
of the dolerite scarp armd any retreat mechanism proposed must be

reconcilable with such systems.
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C. Detritel Slopes:

The fostures of the detrital slopes amd of the vast
accumuléibi ons of rock slide material which constitute those siopes
are the key to the retrest mechanism of the dolerite scarp. The
months of field observation, of plene tabling under difficult
topograpﬁical conditions and trying weather conditions have produced

ey
)ch valugble data on the surface features. Plane tabling of a

large area of the detrital slopes and plateau margin we/e carried
out by the amthor on a scale of forty feet to one inch. Ten foot
contours were plotted but on reduction of the scale for inclusion
in this thesis (Fig. 4 ) only fifty foot comtours were plotted so

that geological features were not obscured by comtour detail.

Only in the enlargement of one portion of the area (Fig. & ) have
the ten foot contours been retained. 1In other areas (Figs. | & 3.)
fifty foot contours only were plotted. The areas chosen for
plane tabling were so chosgen because they included detrital-slope

fegtures common to many areas of the Western Tiers. There has
been no sttempt to choose rare or unusual features nor has there
been any attempt to avoid areas with mystifying or apparently

contradictory features. It is felt that the areas chosen include

reasonable examples of all the known features of these deposits.
These "type areas" will be described in turn amd an interpretation
of their features attempted. Their general location is shown on
Map I.

Type Area I (Fig.1 )

Dolerite cliffs some two hupdred feet high extend from the
eastern margin of the area t0 within five chains of the western
margin. A gap in the dolerite cliffs is occupied by a gcree-filled
depression through which flows a creek which drains a broad shallow
depression on the plateau surface. Immediately below the cliffs
scree fields composed of angular blocks of dolerite up to two feet
in diameter rest at the angle of repoeé of that material (25deg.)
The gap in the cliffs anmd the scree slopes are shown in photo & .
Beyond the toe of the scree slopes gentler slopes extend to the

northern margin of the area. Most of this area is occupied by

tree-covered 'talus'. (The term 'talus' is applied to boulders



i, - R WD AL AGMA S e WO € M Rl il h

R

C e — et

P S T - - - e e

LT T DT T T TV J I YT LTI T T I L T - |
b iy oo R RSN L :-”_MMw ot T Yy
:.‘,J* Yope g o m R TR I NI (£ AN ,..—.__,a»:a... 1. o 3

. BRI . & e - ITHE a4 4 g s, e ey v .. . v L LOf e i
SO (U 8 . SRR L B cali L.m SRR D SR O R TR % 2
w g 1) ’ 3 o
g ] P o0 9

{ [
et
— 4
IS ol
g

— ~a
Lod
< 2\‘\
PO D g = oy
i

L
(T~

[4
1s
o

N

q

e - —— ll|f

&:w -

T T N

P

o v

A

e

e atnds

A N

4

N
cl..l. /“
f..sl..l lllll -

R Gt

-~ e Slwuh

/.///../

N ~

./.r./ A\ //

- . e

N e e @ e s G e Pt o ey

.

.

R s e

N/
a 7N

v - semampe s

i

~o.

P

<

.7/ .i

Ja,,‘ i

SNSRI

Q

AN

'S

8

%

- e

WY

N e it | e o e

<

Q 9

' 4 <9

q

< <

B b e e i R

¢

m

N A o L 0t b b 3

bntled
Do lorm .,

'n
Y
MG ey

<

4
<

A S 3T, e #

Tw,.///,. [hon S )
N g /. o T URESNN S

T U GO N

I

&

-

140-

N, Swy

v /l..

~ Ry

e m..(.\. -~
-~

<
d

-

B8

. 2_’\00-?.

e osssima.

&é&, It

=

P
v

.=
Lo vans
|' o e,

. e
Er

Sourme Dounrire

SHOWING JOINTS.

AN D EYOMNE

<
~

o

7
77
S A

S




(35)

in a matrix of clay derived from the weathering boulders.) A small
proportion of the area is occupied by ploughed f£ields ~ accumulations
of engular boulders without a clay matrix and therefore devoid of
vegetation. A number of depressions, steep-sided ami up to ten

feet in depth and elongated parallel to the scarp, are evident.

Mounds of similar dimensions and disposition but bearing no obvious
relation to the depressions are also indicated. It was noticed,
however, that the mounds were composed of larger blocks of dolerite
than the regt of the area amd there was a suggestion of a preferred
crientation of these blocks normal to the scarp slope.

A ridge parallel to the slope extending westward from the section
line just south of the three thousand five hundred foot comtour is
composed of a large mass of dolerite in which the prominent jointing,
vertical when the mass was in situ, dips towards the cliffs at an

angle of sixty degrees.

A vertical diamond drill hole (D.H. 5019§, in the location shown,
penetrated rock slide material and the underlying sediments for a
depth of six hundred feet. The log of this hole is shown in Fig. & .
Features of the core indicated on this log aret

(1) fThe alternations of sound and broken rock both
showing little signs of weathering.

(i1) The overwbelming majority of joints dipping et
or near sixty degrees.

(11i) The presence of a 'chilled margin' representing
the lower edge of the dolerite sill.

(iv) The zone of poor recovery of sediments immediately
below the 'chilled margin' including fragmewnts in which the bedding
direction indicates a &isplacement of some thirty degrees from their
original position.

(v) The sound, fresh and undisturbed condition of
sediments below three hundred and ninety six feet.

Interpretation.

As indicated on the section the angles of dip of predominant
jointing in the drill hole agree with those on the ridge north of the

drill hole. It seems reasonable to assume that the direction of this

dip, indeterminate in the case of the drill hole,y, is also coincident.

} 9
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It appears, therefore that a large mass of dolerite has hinged outward
from the cliff fece shout an axis porallel to the cliff face and near
the base of the hinged mass. The shattered zones which alternate
with zoncs of sound rock in the drill hole are interpreted as zones
of movement (crush brecciss) between comtiguous dblocks which constitute
the hinged mess. (A simple parallel is obtoined when a bookend is
removed from a row of books so thot the books tilt away from the
remaining bookend.) Some -of the sediments underlying the dolerite
may have aghered to the dolerite magss since the measured angle of
dip of heds in the zone three hundred and eighty four to three hundred
and mnety six feet is the complement of the angle of prominent
jointing in the tilted block,just as the angle of dip of the undisturbed
sedimenmts (two to three degrees) is approximately the complement of
the amgle of pronounced jointing (near-verbical) in the dolerite cliffs.
The zone of poor recovery may result from crushing of the less competent
of these sediments during movement .

Sevoral explanations as to t he cause of the movement of a large
mass of dolerite in this manner may be offered:

(i) The Triassic seidimerrts which underly the dolerite
are notably wealk and prone to slaking on exposure. Furthermore,
cortain layers comtain Halloysite. Grim (p.18, 1950) points out
that any change of moisture comtent of material conmtaining this clay
mineral would cause a great change in propertiés of the material =

an unplastic material may well become plasgtic. It seems feasible,
therefore, that a radical change in properties of the underlying
gedimentsy drought sbout by their change in enviromment as the scarp
face retreats to them, may cause plasti¢c flow in these sediments.
The great bed of dolerite may squeeze out certain layers of the
sedimentary ';_)ile' supporting it cnd precipitate failure in the
dolerite mass. Such a squeezing-out, st a maximum at the scarp face
and diminishing inwards,would produce a wedge down which the over-
lying mass may slide. The zone of poor recovery may occur in
sediments disrupted initally by plastic flow of supporting layers and
subsecquently by the over-riding, sliding mass.

Ageinst such a hypothesis is the restricted width of the halloysite

layers. Individual layers are, at most, a foot thick and the total
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thickness of halloysite would not constitute one per cemt of the

Upper Triassic sediments. Nevortholess, failure of a limited

mmber of lsyers may introduco stresses in the sediment pile sufficient
to precipltate fedllure in other layere. Clay minerals other thm
halloysite congtitute 2 considcrable portion of these sediments which
ere notokious for their disintegration behaviour on exposure (or on

drastic change of enviromment.) The fresh undisturbed character of

nediments below three hundred and ninety six feet precludes the
exist?@nce of deep~-seated plones of mevement causing cliff collapse.
(i1) A second explangticn involves the movement of

ice over the ccarp rim. The broad shallow depreésion on the plateau
dreined by the creek on the western margin of this area may well owe
its origin to ice action. An ice-tongue slowly over-running the
scarp may well inmiticte outward rotation on marginnl masses of
doleritc. Once the movement is initiated gravity will complete the
operation. Ageingt this hypothesis is the overall depth of the mass.
It socems that the mass would have to be umisually free of horizontal
and oblique joint systemg for a force applied at the platean level
to rotate a block of such depth.

The smcller mounds may be of similar origin to the ridge just
described. The suggestion of a preferred orientation in their
constituent blocks supports this similarity.

The depressionscould be interpreted as tension zones in the talus
)

; mass caused by the irregular downslope migration of this mass.
Alternatively they may be regarded as a type of sink-hole. Quite

~ strong flows of underground water move down-slope on the zone of comtact
between the talus deposits and the underlying sediments. Photo.i0  shows
water emerging from this zone where it is intersected im a cutting.
Such underground flows may well remove sufficient material from the
talus gole to cause subsidence of its upper surface. Such an
explanation, however, does not explain the general orientation of the
depressions parallel to the scarp.

The ploughed ficlds may reprocsent 2zones of movement in the talus.

As in the case of the dopressions the movement could be caused by

sub-surface erosion, by general downslope migration of the talus mass or

by a combination of these. Further discussion of these features will
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be included in the imMerprcianiion of dther areas where more evidence
is availeble as to their origin.

Pvpe Area II (Fiz. 3 )

This erea includes Mt. Blackwood, tho cliffs, up to four hundred
feoat in height, borderirg this eminence and a debris slope displaying
40 new featnres of particulor irtorest.

A smsdl round M1l located on the scction line is composed of
dolerite hlocks in which tho prowminent joint-dip direction is normal
%0 and away f£rom the cliffs, This jointing i3 shown in Photo. 13 in
which the seated figure gives an irdication of the size of the blocks.
Photo. 14 1llustrates the relation of the hill and neishbouring scree

slope. It is apporent thot this hill ropresemts a coherent mass which

hos moved from its original nosition en-masse. It is not an
accumlation of blocks which have fallen at differemt times. The
rotation of this mass, ns ingtarvced by the dieposition of prominent
Joimting, i3 in the oppeaite senme to that of the hinge-block
described from Type Area 1.

An interesting internrotation based aclely on the direction of
rotation ia that s "slip=circle” is involved. Novemsnt along a

slip=-circle would have 4o be aporeciable to produce the observed

amount of rotatiocn. "hile 1t is conceivable thot & slin-circle mwmay
form in weathered rock-elide motorial containing en aporecicble
proportion of slay it peeme unlikely that ¢ sliwcircle would develop
in the hetorogeneons sediment nile underlying the dolerite sill.
Movemncnt -long =uch a surface would involve the sheerinz of quite
comnetent sandsione horizons (see core log -~ D.U. 5019) as well as
the dolerite. (Fo slip-circle movement could be accomplished along
a surface coinociding with joint plavcs in {the dolerite over the full
thickness of the colcrite since congsiderable curvature of the sliding
surface is demanded if rotation is to be effocted.)

Perhaps o more feasible interpretation is a movement aiong a
plane surface represented by s member of the odbliquec joints system
in the doleriie. Photos. 12 & 16 show the strong developmeunt of
such 8 gystem in the cliffs at this point anmd sliding may well
occur along such a plgne. | Photo. 18 illustrstes sliding along such

a 7lane of a congiderzble mass of dolerite. Crushing in the vicinity of
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the planc is evi&ent. A romarkable feature is that the disposition
of the joint plenes irdicetes that no rotational movement has
occurred. (Location of fuature: 4793%. 8535N.)  Another example
of sliding on & plene within tho dolerite is shown in Fhoto. 17
(Tocetion 4019FK. G490W.) Im this case there is some backward
tilting of the blocks sbove the plene. The fact that bockward
tilting occurs suggests that the movement is rapid. It will be
noted thet tho plane of failurc is sleep so that rapid movement
would be expeciced. |

Gonsider now the extensive nloughed ficld of Type Area II
(™note. 15). This broad arsa has & very low generel grade and an
extremely irrcgular surface—a f'chopyy seat surface in chich the
waves heve en cmplitvde of two to Zive Peet. Dolerite blocks of
sisas up 0 ten feet are chuotically distributed. Parts of the
surface arc sufficlently mature o supAporb stunted trecs. In other
parsg the boulders ary lichen=covercd while yot other greus are
oceupicd by LUrown, licheu-Iree Loulders which would indicate
comparetively rocent redigtritutions A numboer of trenches
paralleling the scarp line are srosemrte

The whole aspect of tris surfcce is one of movement. - a rock
glacier of complexr ivdernal siresses providing zones of tension
(trenches) and o? compressiocan {mounds). Yet this area is completoly
surrouniicd by timbered slopus dovoid of evidence of recont movement.
Possibly the oscillations which disrupt this surface are caused by
groumducter. Tids flat arca may provide a trap for_groundwater.
The only permancut girecm ia this areu, apart from two which have
g plotecn egtchmont of gseveril gguare miles, eme;;ges on the slope
at the three thousand foui contour below this ploughed ficld.
Drilliag results in other arcas indicate thot while cor;siderable
groundwyater flows occuxr at the base of the rock-siide sccumulgtions
groundwater doeg not occur in any quantity gbove this level. If
local conditions here cause the groundwater table to fluctuate
within the rock-slide mass the associated swelling end contraction of
clays in the zone of fluctuation mey well cemse disruption of the surface.

In congidering the origin of this broad, gently sloping mass of

rock debris lying at the foot of o four hundred foot cliff it is
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intorecsting Yo compers meny of the omellier rock-f2lls described

and shotagrashad b Howe (1909) in the San Juan Moumboaing, Howe
suggertic that the triggering mechanism for the ¢atagirophic collanse
reguircd Lo producz $he broud, gontly sloping macs of rock-~slide
materiel is provided by eérthquake uaves.

I¢ should bo notcd that jfoiriding an the 4brae wounds heyond
tho 1inmits 07 the dloughed £iold wrdicetes = "hinge-block® oxrigin,
gioidrey %¢ thot dgscribed fox Ty3¢ Aren I; for those Leabuies.

Thig cugnesto thit the twe principal festures in this arcas the
outword-dippipg dleck and $ho gontly-eloping plouzhed ficld are
not rolesboed %o persisf}ggt eechaaizos of rotreatb.

The small "plonghed £1614" $o the northewest of 1he main field
ﬁ:za 1ittle in common with the laiter. It i3 a gheenly end cvenly
sloring mass of lichen-Zroc blocks produced by slops af jugtusnt on the
£l nke of the hinge-blocke immediutely to Lhe gsouth. Such slope-
read jugtment with the produection of minor ploushed £iel’s iy a eomaon
feature on th~ lergor "ldnge-hlocks” of Type Area ITX.

Type Aran IIX. (Tige 4 to 9 inclugivo)

This aroa ocizbraces the full width of “he d¥tritus slope from
the comporatively small ¢liffs bordoring the pldioau to the toc of
the rock elide accumletions r-oatins on outcerops of thoe badrooclk
sedimonts. Section AB. {Piz. § ) shows the r.letive mozaitude
of the clifta omd tho &otritus aloujes and the irecgudor profile of
the slopo. “he outadanding muriase fTeatures of this sloje are the
Thinze~block” {or "sctated-block”) cliffs cnd Lhe associctsd ploughed
fielian.
The “hinzo~bleock” cliffs cunnist of huge mazscs of dolorite in
vhich tho promizend joiml slawws Qis wowards the cliffs. As shown
in Scetiong AL mmd 2.D., thu angle oF dip for any given soetion’
deercases as distance from tho clif? increases. Since thig anzle of
dip is o moasure of the rotobion suffercd by tho block it follows that
the blocks furthest from the oliff line buve suffored the greateost
rotation for any prrs .culnr sceiulon normal Yo the slope. Photos. 19 %o 23
show fe-turos of theso cliffs. The cliff face in formed by what
may be termefl the bus~l plancs of dolerite prisas which constituted

the 08ll. Iven though <he mosses have rotaded throuzh as much as
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ninety degreos therc is still a giroung coherence between eongtituent
blocks. Chere can be no éoubt that the mass moved as a whole.

I+ shoulé be noted that these hinge-blocks huve suflfered far loas
shattering than the outward-dipping block in Pype drca II. The
infereace in that cage was that the movement wus catestrophic. - It

may be inferved hare th.t the cohorence of these '"hinge-blocligW points
to a more sedate rotation. A siguificanit feature of hinge-~ulocks

in dhis area and in all other cuscs studied ig ihat they do not exist

at levels below ile base of the sill. The lowest hinge-block {SectionCD.)
noted is on the three tho:sani one hundred fool comtour The dolerite

gsediment or contact esbcblished in drilling D.H. 5033 is % R.L.35920

i
feet. Thig could be daken to irdicate th' t there is very litile
downglopo-sliding of the block during rotation.

There ig & tendency towards alinead arrangemsnt of hinge-blocks.

A line of hinge-block cliffs extends eastwards from D.H. 5085 for a distamce
of twomty fivec chains. The line crosses the slope contours obliquely.
Phe dip of blocks throughout this 1line is roughly .omsiant. (A"scatter®
of readinss between seventean and twentyfour degrees was obloined
with ne apparent relation between dip and contour level within this
range.) It way be gignificant thet thig line ls almost parallel to
the plcteau rim.
The mechanism of retrest which produces these hinze-blocks has
been discusged in commection with Type Area I. The two suggested
mechani sus } (i) plastic flow of underlying sedimewnts (ii) rotation
of m;nginal blocks by ice overrunning the scarp rim - may be further considered
here., A study of drill cores reveals that hhe dolerite contact occurs
much lewer in the sedimentary sequence in this area than in Type Area I.
The Cluan Formation sediments underlying the dolerite at this point
are not knoun to contain Halloysite and generaslly comtein a much lower
prepertion of clay mineral nediments than do the Tiers Forﬁation
gadimerte vhich underlie fhe g9ill in Tyre Area I. The 1i§§ihood of
plastic €low of sediments is therefore greatly reduced in this area.
Now consider the altornative (Ice Tongue) mechanism. Tooking
southward fwom the platecn margin {on section line A4.3.) tho plateau

presente a remorkslhly level surface the only serious interruption of

which are the steop sided peaks of Brady's Lookout. The view is shown
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in Photp. 11 . There ig nothing in this aspecy to conflict with
the presence of awn ice sheet iw this area during the rleistocene.
The treached major joimis belonging to the S.3.5. system and the
stepped-rin have been mentloned carlier as possibly of glacial
origin. The evidence of an ice tongue at this point, while not
gtrong, is worthy of congideration. While it is considered thut
such an ice iongue could cause ouiward rotation of marginal blocks
the obvious objsction is that such blocks would scarcely persist to
great depths in view of the horizontal joint systems. It has been
suggested eariier that Uik scarp face may have assumed a stable form
in the period oprior <o the glacial phasc. If we agsume timt ihe
dolerite gcetion of the sc:xfp face was a fairly even slope devoid
of major cliffs and frce of rock slide mderigl - simiiar in fact
to the presenmt slopes in the western corner of this area an[d ‘f._hose
on the upver part of section C.D. - the ice tongue%szffaky welliwxl;roduce ‘

-

the effect digplayed in the hinge~block arsas. Working firom the bottom
of the dolerite slope succeccive blocks need not persist greatly in
depth, The resulting surface of vndisturbed dolerite would be a
sloping plane roughly parallel to the preseni surface. A seismic
traverse carried out zlong the line of drill holes by the Bureau of
Mineral Renources suggested that tlis wasy in fact, the atiitude of
the dolerite bascuent beneath the rock slide material. Seciion B.T.
(rig. 7 ) along tids line indicaies the only known poimbs on this
basement {at the surface md in D.H. 5033). A study of joiut
directions ia core from D.IL. 5033 (Fig. & ) suggests that sbove
five hunired md thirty eight feet successive blocks tilt to a
greator and greater extent. Above three hundred amd eightiy Lfeet
(abovt R.T. 3190) ‘the prominent dircction was near-horizountal. 1Is
it only chince that the level coincides with the lowest level of
hinge-blocks in this area?

Anothor pos3ible mechanism may bs menticned. A small scale
mechanism onarating on individual joint dblocks on the cliffs today
may be termed a cumulative wedging mechanign. The joint scparating
a marginagl block from the ¢liff is opencd by frost action. On
thawing, fregmerts of rock drop imto the open joint. These frogments

wedge the joini open and successive freezing and thawing may increase
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the wedging effect. At succassively later stuges joinmi blocke
behind the morginal one may underzo similar wedg.ni. It will de
seon that the wedging effect ia cuorul dive. Zual is 1o say the
cuatermost block is rotated through an enzle c¢quel 4o the sum of the
wedge ongles on 211 joimts dehind thet bDlock. This process is

1llustrasted in the text figure halow.

T THTR

If this mechanism is anplicable on a le»ger scale (the scale of the

hinge-blocks) it would produce the rototion direction observed in
the hinge~blocks. Weathering alo'ng major joints with the production
of clay way offer a more feasible alternctive than ihe frost action
obgerved in the small acale example. The awelling c¢f this clgy
when wet or simply the increased volume on formation and the fact
that there would dbe a decreasing wentheriry offact with depth may

provide the wedge mechanism. The clay sone beotwecn four hundred
and forty and four hundred amd fifty feet in N.H. 5033 (Tig. & )
could be interpreted as such a wedre £illing. The avpenl of the
"cumuletive wed'ing" mechanism lies not only in th2 existence of a
known small ecale counterpart but in the oot that it explains
slow oitward-rotation of masses which would preserve their cohesion -
a feature observed in the hinge-~blocks. Fortier, i1 explains the
increasing smount of rotation of blocks with increusing distance
from the prescnt scarp rim. It chould da stressed that initiation
of the rotation is all tbét is required of any mechanism - once the
centre of grovity 1s moved beyond the baco of tho nase its rotation
will proceed under the effect of grovity.

The "ploughed Fields" ausociated with the hinge-blocka are

the second feature of the area worthy of noic. Iusnaction of
the ares ind cateﬁ the juxta-position of rotatod-block ciiffe and

ploug-ed fields. The exarnle chogsen for detailed description is

that shown on a larger scele in Pig. G . Photo. 24 aivas aun
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indication of the surfsce composed of lichen-free blocks. The group
of trees on the skyline sre growing on the "island® shown in ‘the plan.
Collapse of the rotated~block cliffs was accompanied by slumping of
the rock slide material over = wide area. The bulging of contours
round the down—slope tongue of the ploughed field and the dropped
level of its up~slope limits are éharacteristic of slumping in
homogengous unconsolidated materails. The igland, representing

part of the pre-slump surface stands high above the surrounding new

gurface. Photo. 25 shows the margin of the "field’'. Some lichen

is evident on blocks and exposed roots can be seen. The absence of these ove:
most of the surface is evidence of the amount of disturbance of the
mass. Photo. A7 (taken on amther ploughed field) shows the

slumped £ield in the foreground and ths unbreached portion of the

rotcied~block cliff in the background. Photo. 26 shows a large

gucalyut duried to the full depth of its trurk by a slumped sass
of dolerite blocks.

The causes of collapse of the cliffs could be mmerous. . The
cliffs, rotaining walls of gregt thickness =md sounmd structure, do
not apprear mrone o wndercutting. The presence of smaller cliffs
on the lower lecvels without associasted ploughed fields suggests that
collapse ngy be die to forces operating down-slope from behind the
cliffas. Thege forces may be associated with the extreme climatic
conditions of the upper slopes. The upper slopes on whia.ch the
ploughed fields occur are frequently snow covered during winter
while slopes lower down are free of snow accumulation.

An interesting fesbure of the lower slopes is the bench
development. The genersl slope is interrupted dby £lat benches
bordered on the down-slope side by a steep slope. These features
may be local slumps of superficial material brought about by
saturation of clays which constitute a large proportion of the
surface lagyers of the rock slide material.

The ares with the heavy timber covor is gsignificamt. To the
noxrth end south of this zone the rock slide material over-rides the Ross
Sandstone cliffs. Talus '"rivers" several thousand feet wide and

up to fifty feet deep extend to the foot of the scarp. (See Map

Square 4885). Ho doudt there is a slow migration of talus material
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down these "rivers" fod from the surface of the upper slopes.

The heavy timber marks an island between thess two "rivar.s‘i This
1slan] 1g a stable area the curface of which contributes littie to
the "flowe" of the "rivers'.

Subsurface Tnvegtiggtion:

Diagmond drilling in the locations indicated (Figs.4,7.8€9 )
yrovided subsurfece information on the rock slids material.
Unfortunately D.H. 5085 hag not yeot begen drilled. 7The information,
plotted on Section E.F. (Fig.7 ) and shown im some dotail on core
" logs (Pigs.8&9 ), indicates tho ewhont in dovth of these deposits.
Unfortunately the saction is oblique to tho slope so thet sons
volue, fram the gcademic viowpoint, is logt. The drillin; was
extremely difficult az can be imggined,; due to frequent movements
of dolevrite blocks and cavings of clay sections. Of the two

materiala penstrated in the rock zlids zons slmoat all of the dolerite
0

was racovered while almost all the clay was lost. On plotiing the
racoverics an inteorsating festure cererged. MThere is a svggestion
of zoning as indicated on Secction B.F. (Tig. 7. ). ®he upper
zone penetrated in 5033 gave a core recovery of 854 obtained
principally from long "runs" of sound rock extending down to two
hundred and thirty four feet. Thareafter a zone of crushad rock
with good recovory vas succeeded by txlus peretration with decreasing
reecovaries. From two hundred and eighty three feet to three hundred
ard twerty feet no recovery was o¥tained. Betwaen three hundred and twenty
feet ard the noxt zonc of no raecovery st four hundred snd forty one
fect the overecll recovery was 707 though the centre portion of thig
zone grve vractically full recovery. In D.H., 5032 clay layers
were penetrated et Lifty five foet gnd at one hundred and nirety omne
feet. The zone botween these layers, including some long "runs" of
good recovery, zeve an overall rocovery of 707. Between two hundred
end seven feet (bottom of clay layor) ard two hundred and ecighty nine
feet the recovery dropped to 407. In D.H. 5030 a clay layer
occurred ot thirty three feot. Delow this layer the recovery in the
rock slide zone was 407. The pattern suggeasts that recoveries £all

off with depth. Could this be intervreted as evidence of successive

rock-falls separated by a time intervel Quring which clay formed on the
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surfoce = o gurface buried and preserved by the subsecucnt f2llPp
On the gvidencs waliliable it can be no more than & suvgrostion.
Megtthos (p.106, 1930) poiuis out that excavation of talus in the
Yogemite Valley revenled four distinet layers of rock debris
goparnted by layers of earth matier containing roots avd astunps.
The flainess of the Layers indicaied on the gection U.F. could
be explained by the obliquity of the gection to the =lope.
However, the second zowe in D.H, 5033, cxhibviting steop-mgle
predominat jointing is sgainst the theory = at least as far a9
perceriage recovery zones is concerncd. It will Beo remambersd nlso
that an alternative (one of many) explenation of the elsy layer
bolow this gone has already been given.

The shape of the base of the rock-sglide meterial cnd the

distribvtion of loads suggegts that movem nt of th'e ontiire wase
could take place. The zone of Weathere§éediments with its hish
water content would provide a lubricated sole planc zlonz vhich
the overlying mass could slide. Ko def%uite evidence of such
mRovenont has come to light. Evidence against movemant, at least
on this section is scen im the zone of heavy timber. At D.7. 5031
the rock-slide zono is tweniy four feet thick. The timboer in this
vieinidy includos trees cighty fuwet high wiih a butt Aiemeter of
£ive feet. Poat pits iudicate thal the root systems of these trecs
peuetrate the underlying sediments. [doveuwent of the rock-slide nass would
cauge either tilting of the trees or banking up of boulders azainat
thedr up=-slope side. Neither of these features ,a;e'evideﬂt. Agodin,
any aspprecicble movement ghould be evident at the upper limit of the
rock-slide meterizl. Yet along this line no evidance of general
subsidence of the rock-debris mass could be found. If movemout
occurred it would curaly be cvident ai the comtact betweon slide
w-.torial end dolerite{in situ) where no cliffs and no obscuring
scrge are present .

2. Suandgtione Scerps:

4 mumber of sirong sandstones of the Permo~Triassic mequence
forn Iree foces of the saundstone unity of the muliivnle scarp.

A. Rogg Unit.

The Ross Sandstone forms porsistant cliffs on the scarp fcce
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(See Photos. 182) 1mmeds ctely below the dolerite unite. The
reguler joint system of this massive sandstone produces roughly
equidimensional dlocks up to twenty feet square. Detritus from
these cli?fs together with dolerite detritus which has over-run
the cliffs foras accumulations un to fifty feet it hick ot the bage
of these cliffs.

Underlying the Ross Sandstone are the soft micaceous shales
of the Jackey Foraagtion., Zhe erogion of these shales, et o faster
rate than the massive saundstone above them, causss failure in the
shales at the base of the cliffs and collopse of the sgmdgtone joint
blocks.

The mechaulism of retreat of dllsunmdstone units is a periodic

one in which the following gtages may be recognised @

(1) Detritus accumnlations on the slope below the
Cliff are rcmoved by wabter .erosio:;

(ii) ©he exposed shale formetion erodes to n steep
slope near the cliff with the upper part cttaining a slépe vhich
conforms with the fece of the cliff.

(1ii) Yielding of the shales slong fracture surfaces

cblique to the bedding and the collapse of joint blocks of sandstone

supported by those shales gbove the plone of fracture.
(iv) The cliff-collapse material forms dctritue
accumulations at the foot of the cliff.

The retreat of sandstone units at precent is very slow. Few
areas were seen where cliff faces of fresh rock indicated recent
collepse. Tew areas were discoverzsd where the underlying slope=-
formation was exposed ot the base of tho cliffs. The dense serud
which flourishes in ihe protected emvaromment at the foot of the cliffs
impedes the erosion of the detritus. Koons (1955) carried out
measurceneuts of slope angles on the bare slove~forming rock below
cliffg in the arid regions of the south west Unitecd S8tatesy amd
estoblished thut a reasoncble constancy of this angle (thirty four to
thiﬁy eight degress) exiets for a mumber of rock types. Because
of the limited number of sub-talus slopes exposed wo survey of this

kind could be carried out dut the available slopes did fit the

range suggested.
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Map Squure 488¢ as uepocites of “talus® surrounded by Gulden Valley
Grovs sefliments. 7The ucre casterly onc c¢an be seen as'a low
sloping pletesu iv the middle-ground ou ihe righu-had margin of
Photc. 2. Tig. 10 indicwius the gonoral Gisensions und topographical
form of the wore typrcal wesicrn one.

"alus flatironas" churacteristic of western Grund Canyon as
described by Koons (1955) are somewhat different from the Western
Tiers Yflatirong" in section but this differeunce is explained by
the much steener slopes of the Grard Cenyon scarps. Their origin
and history - reunmniie of a previocus sCarp face left behind by a
retraating scarp and protected from erosion by a detritus éover
more resigtant than the underlying rock « are similar to those of
the Festern Tievs examples aa] the term "ialus flatirom” suits the
local axomzls sdmirobly.

In vicw of their function as a record of an carlier scarp

face thay ore most significant features in eny atudy of scarp
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PART C.

SPABILITY ANALYSIS OF SCARP SIOPES.

1.  STABILITY COMPARISON WITH OFHFR SLOPE FORUS:

Yor any given relief, the scarp form, exemplified by a free-face

and detritus slope, represents the ultimate in activity. The
strongly concave profile is the hall-mork of this form just as the
c mvex profile reflects degeneracy of mechanical erosion and
concomitent stability of the form. The convex element (waxing
slope) may suffer superficial instability in the form of hill creop
but this eloment is not affected by catastrophic rock-slides.

Any stebility comparison between slopes should therefore be made,
in the first instance, on the basis of rclative developments of
convexity or concavity of the upper parts of those slopes.

I, FACTORS AFFECTING THE RETR7WAT RATE OF SCARPS:

From the discussion included in carlier parts it will be
realiged that inmmersble factors govern the rate of retrext of
scarps. Only the more important ones which are widely anplicable
are trected here.

1. Rature of the Cliff Forming Rock:

A comparison of the dolerite unit md the Ross Sandstone unit,
which are of similar thickness and underlain by similar formations
highlights the importance of this factor. Dolerite, an extremely
strong rock in its unjointed form is reduced to a form susceptible
to mechanical erosion by the strong development of jointing. The
Rogs Sandstone, by comparison, is a weak rock yet its widely spaced
Joints do not assist mechanical erosion to the scme degree.

The apprecisbly higher specific gravity of the dolerite results
in increased loading on the slope-forming formation for the same
thickness of cliff-forming formation. 1In considering loading at
the scarp face it is necessary to take into account the lateral
support availcble to the marginal blocks. The strong vertical
jointing of the dolerite reduces the lateral support to these blocks.

The ngture of the cliff-forming rock naturally dictates the
ngture of the rock slide material which, by virtue of its erosion=

susceptibility affects the retreat of the scarp.

>
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2. __Nature of the Slope-forming Rocks

The nature of the slove~forming rock is as vitel a congideration
as the nature of the cliff-forming rock. The combination of & strong
rock underlain by a weak rock is the pre-requisite of scarp
formation.

Cheracters of slope-formihg rocks which fuvour scarp formution
are low shear strengthy a capacity for rapid physical change on
chenge of enviromment end a high suscepiibility to weathering or
erogion.

The effects of the glove-forming rock on scarp behaviour has
already been noted in the case of the two Liffey Group scarps.

3. Climatic Buviromment:

The behaviour of similar scarps under different climgtic
conditions will be strikingly differemt. The type and amount of
rainfall is an important factor in determining the erosion rate of
scarps, Extremes of clim.te may imbtroduce factors such as Irost
action. Type and persistance of vegetation, a function of the
climatic envirommenis moy play an apprecisble part in determining
the rate of retreat of a scarp.

The climatic factor must be considered, not only in comparing
scarps in different arcas but also those at differeat levels of a
multiple system. The general climate on the dolerite scarp is
much more extrcme than that on lower members of the system.

In cousidering the past history of a scarp a knowledge of
the post climate is essential to a full assessment of that history.

4. Pusition in a Hultiole System:

In a muléinle scarp such as the Western ficrs the position of
a unit scaro in the system is of importance. It determincs the
amount of water available for trensport of detritus from that unit
and alco the amount of detritus inmtroduced from higher levels.
The dolerite may well present a v-ry different aspsct if it ocourred
gome distance down the face and was overlain by several sandstone units.

JII1. THE NATURL OF RETREAT MECHANISMS:

In the assessment of gstability the characters of the retrest
mechaniem are vital. What may be termed constant, small-scele

mechanisms - thosc involving the production of scree slopes at the



(51)

foot of cliffs - may move significant omounts of material. But
howcover significant thess mechanisme mzy be in the scarp retreat
their very constancy permite their evaluation in terms of slope
stebility and retreat rate.

The behsviour of the larger-scale periodic mechanisms is more
difficult to assess. A study of the retreat cycle followed dy an
asseasment of the stage of the cycle reached may allow the
prediction of o period of time before the catastrophic stage is
reached.

The possibility of large-scale congtant mechanisms cannot be
overlooked. The cumulative wedging mechanicm .éuggeeted for the
dﬁlerite hinge-blocks may represent this type. Thile ultimate
proof of such mechanisms may require stroin measurements within the
rock-slide mass the realisation of the possibility is important.

In the preseni{:%i;e realiéation that evidence exigted for
such a mechanism resulted in the relocestion of all pronosed

excavstions to points below the limits of rock-slide accumalations.
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2, STRATIGRAPHIC TABLE:

SYSTEM GROUP FORMATION ROCK TYPE . THICKNESS
Recent . Scree, Talus
to Alluvium
Pleistocene Glacial deposits
i EROSION INTERVAL
STRONG EPEIROGENY AND FAULTING
PENEPLANATION AND UNCONFORMITY .
Jurassic Dolerite 1000"+
New Town = Sandstone, Shales, Coal 43y
Tiers Siltstone, Shale 385
Triassic Cluan Sandstone, Siltstone 425’
Ross Massive Sandstones 630
Jackey Shales 140°
. DISCONFORMITY?
r Eden Mudstones piey
Blackwood Quartz Conglomerate 2
Ferntree Drys Mudstone 350°
Palmer. Sandstone 5
Springmount Mudstone 280
Risdon Sandstone 30
Weston' Bryozoan Mudstone 30
Woodbridge -Dabool Brachiopod Sandstone 40
Meander Mudstone 195
Permian 1 Creekton Wormcast Sandstone 10
- Woodside Sandstone 35’
Liff :
ey Kopanica Shale and Sandstone 15
Flattop Sandstone 30
MacRae Mudstone 115
' d 0 Billop Brachiopod Conglomerate 10
Golden Valley Brumby Fossiliferous Limestone, Morl 45’
Quamby Mudstone - 330"
Stockers Tillitic - Conglomerate 340

3. LOCALITIES 6F SPECIAL INTEREST:

Type locality of Jackey Formation; track
Weston Formation fossil “locality; road-cut
Risdon exposures in Liffey Falls

A664E. 8657N.
4683E. 8700N.
4695E. 8649N.

Triassic sequence Jackey to Newtown; Road-cuts on Lake Highway
Dolerite — sediment contact; Road Quarry 4656E. 8614N.

4. DOLERITE INTRUSION CENTRE:

Extensive dolerite outcrops in ‘the north east of the Mop Squore suggest a dolerite intrusion

centre in this vicinity.
5. SCARP FORMATION:

Stream erosion of a probable shear zone along Jackeys Cren.k has produced the opposing scarps
of Quamby Bluff and Western Tiers. No opprecxoble fault movement wins involved in the

formation of these scarps.
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2. STRATIGRAPHIC TABLE:

SYSTEM - GROUP FORMATION ROCK TYPE THICKNESS
Recent ~ Scree, Talus
to . B Alluvium
Pleistocene ‘ Glacial deposits
i EROSION INTERVAL
STRONG EPEIROGENY AND FAULTING.
PENEPLANATION AND UNCONFORMITY
Jurassic ’ : ~ Dolerite - i 1000°+
' New Town Sandsténe; Shales, Coal S 43
) Tiers Siltstone, Shale 385
Triassic Cluan i Sandstone, Siltstone i 425’
: : Ross Massive Sandstones . 630" -
Jackey Shales . LY
DISCONFORMITY?l _
( Eden . Mudstones 20
. Blackwood * Quartz Conglomerate : 2
Ferntree Drys Mudstone : 350°
Palmer Sandstone - |
l Springmount Mudstone ’ 280
Risdon Sandstone - 30
Weston . Bryozoan Mudstone 30
Woodbridge Dabool! Brachiopod Sandstone 40
Meander Mudstone 195
Permian Creekton “Wormcast Sandstone I
Liffe y Woodside Sandstone 35
Kopanica Shale and Sandstone 15
Flattop Sandstone 30’
MacRae Mudstone 115
" Billop " Brachiopod Conglomerate 10,
Golden Valley Brumby Fossiliferous Limestone, Marl 45’
\ Quamby Mudstone 330
Stockers Tillitic Conglomerate 340"+

3. LOCALITIES OF SPECIAL INTEREST:

Liffey Group exposures in Liffey Valley.
Dolerite — sediment contact exposed 4757E. 8638N.

Brumby fossil locality — on track 4743E. 8674N.

. DOLERITE INTRUSION CENTRE:
.Extensive talus deposits including large masses of dolerite in the region surroundmg E472 N868 .

suggests the presence of a centre of intrusion of the dolente

SCARP FORMATION:

The original Fault Scarp of the Cluan Fault has been transformed by stream .erosion of the fault-

zone into the opposing fault-line scarps (Retequent and Obsequent) of Drys Bluff and Cluon Tier.
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2. STRATIGRAPHIC TABLE:

VOISEY, A. H,

WELLS, A. T,
'H‘ydro-Electric

SYSTEM GROUP FORMATION ROCK TYPE THICKNESS
Recent : Scree, Talus
to Alluvium
Pleistocene Glacial deposits
- EROSION INTERVAL
- STRONG .EPEIROGENY AND FAULTING
PENEPLANATION AND UNCONFORMITY ‘
Jurassic . Dolerite 1000+
. ‘ New Town Sandstone, Shales, Cool 435
Tiers Siltstone, Shale 385
Triassic - Cluan Sandstone, Siltstone 425’
Ross Massive Sandstones 630’
. Jackey Shales 140
. ~ DISCONFORMITY?
Eden Mudstones 20
( ) Blackwood Quartz Conglomerate 2
Ferntree Drys Mudstone 350°
’ Palmer Sandstone 5
Springmount Mudstone 280
Risdon Sandstone : 30’
) Weston Bryozoan Mudstone 30
Woodbridge -4 Dabool Brachiopod Sandstone’ 40
Meander Mudstone - 165
Permian 9 Creekton Wormcast Sandstone 10
' Liffey Woodside Sandstone 35
) Kopanica Shale and Sandstone 15
Flattop Sandstone 30
MacRae “Mudstone 115
Billop Brachiopod Conglomerate 10
Golden Valley Brumby Fossilifero_us Limestone, Mar! 45°
Quamby Mudstone _ 330°
Stockers Tillitic  Conglomerate 340°

3. LOCALITIES OF SPECIAL INTEREST:

Type Section of Brumby Formation; Stee.p Slope 4817E. 8618N.
" Billop Formation fossil locality; Bench 4825E. 8628N.
"Sulphur Springs”; centre of open paddock 4837E. 8640N.

4. ' SCARP RETREAT:

The Tiers Foult produced a scarp with a relief of some 2000 feet. Subsequent retreat and
erosion of this scarp has produced the resequent fault-line of the Western Tiers and the
obsequent fault-line scarp of MacRae Hills.
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McKELLAR, J. B. A, 1955 — Geology Report of the Great Lake North area. Hydro-Electric .
i Commission report. (Unpublished).

2. STRATIGRAPHIC TABLE:

SYSTEM GROUP FORMATION ROCK TYPE THICKNESS
Recent Scree, Talus
to - Alluvium
Pleistocene Glacial deposits
. EROSION INTERVAL
STRONG EPEIROGENY AND FAULTING
. . PENEPLANATION AND UNCONFORMITY
Jurassic ' " Dolerite 1000+ .
New Town Sandstone, Shales, Coal 435
Tiers Siltstone, Shale 385
Triassic Cluan Sandstone, Siltstone 425
Ross Massive Sandstones 630
Jackey Shales ) 140°
DISCONFORMITY? .
Eden Mudstones ' 20
Blackwood Quartz Conglomerate ) 2
Ferntree Drys Mudstone 350°
‘1 Palmer Sandstone '
l Springmount Mudstone ) 280
Risdon Sandstone - 30
Weston Bryozoan Mudstone - 30
Woodbridge Dabool Brachiopod Sandstone 40
Meander Mudstone 195
Permian Creekton Wormcast Sandstone 10
Lifféy Woods.ide Sandstone 35
Kopanica Shale and Sandstone 15
Flattop Sandstone 30
MacRae Mudstone 115
lden Vol Billop Brachiopod Conglomerate 10
Golden Valley Brumby - Fossiliferous Limestone, Marl 45
\ Quamby Mudstone ' 330
Stockers

Tillitc Conglomerate = - 340+
3. LOCALITIES OF SPECIAL INTEREST: :

Type. Locality Palmer sandstone; waterfall 4816E. 8519N.

Type locality Kopanica Shales; waterfall 4803E. 8573N.

Daboo! fossil locality; creek bed 4807E. 8543N.

Brumby Formation fossil locality; creek bed' 4823E. 8546N.

Billop Formation fossil locality; bench 4875E. 8518N.

Stockers Formation exposure; creek bed 4878E. 8538N.

4. SCARP RETREAT: :
Interesting features of the retreat of the Western Tiers Scarp -are the broad, sloping, alluvium
covered pediment, the talus “rivers” on the Tiers slopes and the talus “flatirons” about the
points 4875E. 8535N. and 4825E. 8557N. Outward-hinging cliff blocks of dolerite at "4815E.
8501N. represent a significant mechanism of retreat. ’

5. DIAMOND DRILLING:

An ex’(ensive.prdgromme of diamond drilling by the ‘Hydro-Elecfric Commission over the south-
western portion of this sheet is recorded in Commission files. .
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2, STRATIGRAPHIC TABLE:

3. LOCALITIES OF SPECIAL INTEREST:
Type Locality of Weston Formation; Creek bed
Outward hinging of dolerite cliff blocks
Slip-circle collapse of dolerite cliff
Joint-plane slipping of cliff blocks

4.. PLEISTOCENE GLACIATION:

Tillitic  Conglomerate

4785E.- 8597N.
4791E. 8512N.
4796E. 8512N.
4792E. 8535N.

Hydro- Electric

SYSTEM GROUP FORMATION ROCK TYPE THICKNESS
Recent . . Scree, Talus
to Alluvium
Pleistocene Glacial deposits
’ EROSION INTERVAL
STRONG EPEIROGENY AND FAULTING
PENEPLANATION AND UNCONFORMITY .
Jurassic Dolerite 1000+
New Town Sendstone, Shales, Coal 't 435
’ ’ Tiers Siltstone, Shale 385
Triassic . Cluan Sandstone, Siltstone 425'
Ross Massive Sandstones 630
‘ Jackey - Shales ' 140’
: DISCONFORMITY?
Eden * Mudstenes 20
( Blackwood Quartz Conglomerate 2
Ferntree 1 Drys Mudstone : 350°
| Palmer - Sandstone 5
’ l Springmount Mudstone 280
Risdon Sandstone 30
[ Weston Bryozoan Mudstone 30
Woodbridge Dabool Brachiopod Sandstone 40
. . Meander Mudstone 195
Permian - Creekton’ Wormcast Sandstone 10
’ Liffey Woods.ide Sandstone 35
Kopanica Shale and Sandstone 15
Flattop Sandstone 30
MacRae Mudstone s’
d I Billop Brachiopod Conglomerate 10",
Golden Volley Brumby - Fossiliferous Limestone, Marl 45
Quamby Mudstone 330
Stockers © 340+

- The pattern of marsh deposits on the plateau surface suggests glacial over-deepening of shear

zones in the dolerite.
5. DOLERITE TRANSGRESSION: .

Field evidence suggests a transgression bf the lower surface of the dolerite mass along a line
trending N.E. from the point 477E. 850N. North-west of this line the intruded rock is the Cluan
formation while south-east of the line the intruded rock of the dolerite is the Newtown Formation.




