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I PURPOSE: 

THE STABILITY OF SCARP SLOPES. 

TUTRODUCTION. 

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—electric 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 interpretations of these facts. 

II THP PROBLEM: The proposed construction of hydro-electric 

installations on the face of the Western Tiers of Tasmania 

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 study 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. 

III INVESTIGATION METHOLS: 
The investigations were carried out 

in two phases: 

Phase 1: The compilation of a detailed geological map with appro-

priate contour information over an area broad enough to include all 

the salient features of the Western 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 nbotos, a rough contour map was prepared. 

(NOTE: After the field work was completed the Mapping Branch of 

the Tasmanian Lands and Survey Department produced a contour map 

of the southern portion of the area chosen. These contours have 
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been substituted forth° Author's in maps included in this thesis.) 

The stratigraphic succesion was established from field mapping 

and core logging of diamond drilling carried out by the Hydro-

Electric Commission. 

Phase 2:  A close examination of structures, superficial deposits 

and vegetation which provides evidenCe of recent and imminent scarp 

retreat. 

Plane-Table mapping of selected areas with the recording of the 

physical characters and disposition of scree blocks, joint 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 PRESENTATION: The thesis is presented in three parts: 

PART A: GENERAL 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 

scarp slopes. 
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PART A: 

GENERAL DESCRIPTION OF THE AREA. 

I. LOCATION AND 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 

south—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—mile State Map No. 3 of 

Tasmania. These grid linos also represent the boundaries of Map 

Squares used in the geological mapping of the area. 

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

the western portion of the area and via various second class roads 

from the Midland Highway which lies some tarty road-miles east of 

the area. Within the area a system of secondary roads 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 inverartigations 

have entailed journeys on foot from the lower levels. 

II. TOPOGRAPHIC DIVISIONS: 

The area studied comprises three distinct topographic division 

each characterised by distinctive climatic conditions and vegetation. 

1. Plateau Division: 

The Plateau division extends from the depression occupied by 

Great Lake (Top water level 3381.8) in the south—west of the area 

to the edge of the scarp. The general terrain is that of a 

dissected plateau. Flat floored, marshy valleys separate 

boulder—strewn rocky ridges some of which have precipitous aides. 

Examination of the geological maps indicates that the disposition of 

the marshy valleys is controlled by structures, shear zones 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 stunted eucalypts. 

The restricted vegetation is probably a reflection of the extreme 

winter climate of the plateau. The precipitation is about thirty 

five inches per annum, part of tthich is in the foam of snow. 

Because of the low sinter temperatures 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 Division: 

The Escarpment Division may be defined as the area between the 

margin of the plateau and the one thousand feet contour. The profile 

of this escarpment is typically concave (photo 3), the cliffs and 

scree fields of the upper levels giving way to timbered slopes 

decreasing in grade at lower levels. Major streams incise the scarp 

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

effected in shallow migratory channels in the deep talus deposits 

on the slopes. 

The climate is less extreme than on the plateau and the rainfall 

somewhat higher. (The limited records suggest a figure in excess of 

forty inches per annum.) Snowfalls occur on these slopes but the 

snow melts rapidly producing high run-offs and local flooding in the 

water-courses. The less extreme climate is reflect ed in the veget- 

ation which is dense with good atands of milling timber up to 'USD—three 

thousand feet contour. Above the three thousand feet contour the 

vegetation is still thick but is somewhat stunted partly because of 

movements of the scree end talus and partly because of the inability 

of this material to support bush vegetation. 

3. Lowlands Divisions 

The Lowlands Division occupies the north-eastern portion of 

the area. It includes the pediment of the scarp and the low 

dolerite hills north-east of the 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 and snowfalls are very rare. Lightly 

timbered grasslands and shallow migratory streams characterise the 

division though some degree of permanence in the stream courses 

existS beyond the line of the scarp forming fault where the channels 

are cut into the dolerite bedrock. Storms on the escarpment cause 

periodic flooding of the gently sloping pediment ae that the agricultural 

use of this area is restricted to grazing. 

III. GE=XAL GEOLOGY: 

1 Outlines 

A gently dipping sequence of Triassic and Permian sediments 
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CO 
with an overall thickness in excess of thirty eight thousand feet 

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

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

ice action and the region subjected to Tertiary block-faulting. 

2 St TECtiagia.  

The stratigraphic sequence is shown in the table below. 

System 

Stratigraphic Table. 

Rook Type Thickness Group Formation 
Recent 

to 
Pleistocene 

Scree, Talus 
Alluvium 
Glacial Deposits 

Jurassic Wellington Dolerite 1000'+ 

Triassic 
(2015') 

Newtown S andErt ones ,Silt - 
st ones 	Shales 435' 

Knockloft y Tiers Thinly bedded 
silt st ones 'Shales 

385' 1580' 

Cluan Sandstones and 425' 
Siltstones 

ROSS Massive Sandstones 630' 
Jockey Shales 140' 

Permian Ferntree Men Mudstones 20' 	687' 
(1870'4-) Blackwood Conglomerate 2' 

Drys Mudstones 350' 
Palmer Sandstones 5 1  
Springmount Mudstones 280' 
Risdon Sandstone 30' 

Woodbridge Weston Mud stones 30' 	265' 
Debool Sandstones 40' 
Meander Mudstones 195' 

Liffey Creekton Vormcast sand- 
atones 

10' 	90' 

Woodside Sandstones 35' 
Kopanica Shales and sand- 

stones 
15' 

Flat Top Sandstones 30 ,  

Golden Macrae Mud at ones 115 • 	170' 
Valley BiLlop Sandstone 10' 

Brumby Marls 45' 

Quamby Mudstones 250' - 
330' 

Stockers Tillitic 340 1 + 
Conglomerate 

3. LitholoRY• 

A. Quaternary System: 

Rocks of this system include superficial deposits of both 

Recent and Pleistocene as follows: 

(1) Scree 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 drilling to depths in excess of three hundred feet. The 

scree slopes approximate the angle of repose of the scree material. 

(2) Talus Deposita:  Below the scree line on the Tiers and on the 

plateau surface delerite talus covers much of the surface. This 

material results from the decomposition of the dolerite and consits 

of residual boulders of dolerite in a heavy clay matrix. 

(3) iAlluvium:  The alluvial fan at the base of the escarpment results 

from the transport of material by sheet and rill erosion from the scarp 

face. As 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 this material is 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 abundant evidence 

of glacial action has been noted. Glacial over-deepening in zones of 

less resistant bedrock has produced a pattern of depressions through-

out the plateau. The glacial deposits which occupy these depressions 

are obscured by later sediments of the lakes and marshes which have 

formed in the depressions. There is little doubt that Great Lake 

was formed in this manner by the glacial erosion of basalts and other 

volcanic deposits which previously occupied a depression in an older 

topography. The marshes adjacent to Great Lake in this area are of 

similar origin but the eroded material 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 disposition 

of known shatter zones and major joint trends in the dolerite. 

B. Jurassic System: 
S Th iipc is represented by dolerite which occurs as thick sills 

intruded at the close of an earlier period of sedimentation which is 

considered to have extended through the Triassic and probably into the 

Jurassic period. The dolerite consists essentially of plagioclase 

and pyroxenes. Olivine is present in small quantities and micro-

graphic intergrovrths of quartz and alkali felspar occur in small 

amounts. The occasions]. 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 

contacts with sediments to coarse in the central 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 

structure 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 

developed joint system provides ready access and considerable storage 

for ground water in the superficial levels of the dolerite mass. Only 

in shatter zones does ground water persist to greater depths. 

C. Triassic System: 

Overlying the Permian formations disconformably and apparently 

terminated by the intrusion of dolerite, the Triassic sediments were 

laid down in predominantly laeustrine and swamp conditions. The gently 

dipping sequence of Triassic formctions 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 lensing out of beds makes correlation difficult, 

only general correlation being possible over distances 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 ani sediments is a welded contact 

characterised by fine grained dolerite (chilled margin) and a variety of 

effects depending on the nature of the sediment at the contact. Thus 

sandstones show very little alteration while shales have abaked zone 

up to ten feet in thickness. On exposure the shales and siltstones are 

prone to slaking and disintegration. 

(2) Knocklofty Group: Underlying the Newtown Coal Measures conformably 

is the Knocklofty 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 sandstones. 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 sandstones, predominantly quartzose, constitute 

the Cluan Formation. The maximum measured thickness of this formation 

is four hundred and twenty five feet. More resistant than the generally 

finer-grained Tiers Formation, it is characterised by fairly extensive 

sandstone outcrops. 

(c) Ross Formation: Underlying the Cluan Formation conformably, 

the Ross Formation is a predominantly massive, medium-grained quartz 

sandstone 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 

fossiliferous shales and minor sandstones constitute the Jackey Formation. 

Very few outcrops of this formation occur. Its thickness is estimated 

to be one hundred End forty feet. 

D. Permian System: 

A gently dipping sequence of Permian formations disconformably 

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. 

(1) Ferntree Group: Underlying the Triassic sediments disconformably 

is a highly siliceous group consisting of alternations of conglomeratic 
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sandstone and muds-tone with occasional errs-tics and 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 distinguished 

as follows: 

(a)Eden Mudstone: The topmost formation is a grey to black 

micaceous muds-tone almost devoid of errs-tics and marine fossils. It is 

extremely fine-grained, massive and of medium hardness, and consists 

essentially of quartz, felspar and mica. The thickness of this formation 

is approximately twenty feet. 

(b) Blackwood Conglomerate: This conglomerate consists of well 

rounded white quartz petioles up to sone inch in diameter, but largely 

of Quarter inch diameter; in a matrix of poorly sorted sandstone consisting 

essentially of quartz and felspar. It is an extremely resistant formation 

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

formation is from two to five feat. Because of its limited thickness 

and persistiAnt outcrop it constitutes an excellent marker formation. 

(c)Drys Mudstone: This formation consists essentially of grey 

micaceous muds-tone. Though predominantly fine-grained, occasional bands 

of coarser material, in which angular grains of clear quartz are evident, 

occur towards the base of the formation. Erratics of slate, mica-schist 

and quartzite occur sporadically throughout the formation. The thick- 

ness of the formation is approximately three hundred and fifty feet. 

(d)Palmer Sandstone: A poorly sorted sandstone consisting of 

quartz and felspar. Errs-tics of slate, mica-schist and 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 muds-tones immediately 

above and below this formation show an increase in grain-size towards 

this formation, but the boundaries of the sandstone are well marked. 

Because of its limited thickness and persistence of outcrop the formation 

is an excellent marker for mapping. 

(e)Springmount Mudstone: A banded muds-tone in which the banding 

results from alternation of grey micaceous muds-tone and light grey 

quartz muds-tone and the bands vary from fractions of an inch to several. 

feet in thickness. The quartz muds-tone 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 the formErtion but no fossils have been found. The thick-

ness of the formation is approximately two hundred and eighty feet. 

(f) Risdon Sandstone: The basal formation of the Fern-tree Group 

Is the Risdon Sandstone. 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 

horizons. Essentially similar to the other Forntree 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 generally 

wider than the other Ferntree benches and are normally covered with a 

nibble Of Risdon material from the superficial weathering of the bench. 

Thickness of this formation is approximately thirty feet. 

.1.2)  Woodbridge Groups  Conformably beneath the Risdon Sandstone and 

underlain by the Liffey Group the Woodbridge Group consists of approx-

imately two hundred and sixty five feet of raudstones and sandstones. 

Erratics occur sporadically throughout the group and marine fossils are 

common, two of the formations having very rich faunas. The group includes 

three formations - 

(a) Vloston Uudstone: The uppermost formation consists of n.dark 

grey micaceous mudstone with a rich bryozoan fauna. Several thin members 

of quartz mudstone with macroscopic angular quartz grains occur within 

the formation. The approximate thickness of this formation is thirty 

feet. 

(b) Dabool Sandstone: The Dsbool Sandstone consists of meduim 

quartz and felspar grains in a mudstone matrix. Erratics occur in this 

formation which is characterised by a rich brachiopod fauna. Like 

other Permian Sandstones it forms benches on the Tiers slope though 

these are not as extensive because of the generally higher resistance to 

erosion of -the Woodbridge Group muds-tones. The formation has an average 

thickness of forty feet. 

(c) Meander tludstones The Meander Mudstone is the basal formation 

of the Woodbridge Group lying conformably between the Babool Sandstone 

and the Liffey Group. Like the Springmount Mudstone of the Perntree 

Group, it is a banded mudstone with alternatiag lajers of dark grey 

micaceous mudstone and light grey qUartz muds-tone, the latter predominating. 
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Occasional erratics and minor beds of marine fossils occur throughout 

the formation. The average thickness is one hundred and ninety five feet. 

lja_Iiffey_graut The Liffey Group which underlies the Woodbridge 

Group conformably consists predominantly of well sorted quartz sandstones 

with minor interbedded shales. Fragmented plant fossils hsve been found 

in the shape and worm casts are numercyas in one formztion. nrratics 

are Chsent/n this group. The average thickness of the group is ninety 

feet and thicknesses of the four formations which constitute the group 

are extremely variable. 

(a) Creekton Sandstone: The Creekton Sandstone is a medium grained 

quartz sandstone characterised by an abundance of vorm casts. The 

characteristic worm-cast structure and the limited thickness of the 

formation (eight to ten feet) make it an excellent mapping formation. 

(b) Woodside Sandstone: The Woodside Sandstone is aLmassive well-

sorted white to cream quartz sandstone with occasional lenses of con-

glomerate,particularly near the top of the formation. The massive 

sandstone forms near-vertical cliffs along stream coursd4 and with other 

members of the Liffey Group forms a fairly persistent scarp on the lower 

level° of the Tiers face. The average thickness of this formation is 

thirty five feet. 

(c) Kopanica Shales: The Sopanica Formation consists essentially of 

grey shales with thin bands of white sandstone. The grey shales contain 

plant fragments and carbonaceous bands. The thickness of this formation 

is variOble ranging from fifteen to thirty feet over short distances. 

(d) Flat Top Sandstone: The basal formation of the Liffey Group 

is a massive, barren, well-sorted quartz sandstone very similar to the 

Woodside Sandstone except that conglomeratic horizons appear to be absent. 

The thickness of this formation is variable, ranging from fifteen to 

thirty foot. 

IA) 	Oolden Va.1.31: The Golden Valley Group underlies the Liffey 

Group conformably; richly fossiliferous in part it also contains nemerous 

erratics in certain horizons and generally represents a diversity of 

lithological types. The average thickness of this group is ono hundred 

and seventy feet. 

(a) flaw Uudstone: These mudstones, the upper part of which are 

predominantly micaceous mudstones while the lower part are quartz mudatones, 
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underlie the Liffey Group conformably. Few 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 containing numerous 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 within the formation. 

Thickness of the Billop Sandstone is ten feet. 

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

is a marl with rich marine fauna. Bryozoana predominate at the top of 
a 

the formation but towards the base brachiopods (particularly Stropholosia) 

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 feat. 

(5) Quamby Formation:  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 

formation, but these bands become more widely spaced in the sequence as the 

lower limit of the formation is approached. The thickness of this 

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

hundred and thirty feet. 

(6) Stockers Tillites This probably represents the basal formation of 

the Permian sequence, being underlaid conformably by rocks of Pre—Cambrian 

age a few miles to the east of this area. In the area under discussion 

the basement rocks are not exposed and have not been encountered\ l.il 

drilling which has proved the thickness of the Stockers formation.to ,  
1 

three hundred and forty feet. The tillite is characterised by faceted 

erratics, 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 represent a 

considerable proportion of the rock mass. While the erratics represent 

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

predominatei. 
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a benched or tiered slope, the coarse-grained sediments of higher 

erosion-resistance forming benches while the finer sediments occupy 

the steep 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 sandstones of the Triassic sequence produce 

effects similar to the Permian "benching". The sedimentation pattern 

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 sediments. Thus in those formations 

of the Triassic where sandstones predominate dolerite injection conforms 

with the sedimentary bedding while in those formations where shales 

predominate the form of the intrusion is irregular and discordant 

intrusive boundaries are common. 

D. Dolerite Intrusion: 

The dolerite has been injected into the sediments as a vast 

sill-like intrusion, frequently transgressing across the bedding in a 

shelving form. The tuver surface of the intrusion has been exposed 

and eroded throughout this area. The lower surface of the sill-like 

intrusion may occur in the sedimentary sequence anywhere above the 

Ross formation. Thus its tranggressions through the sedimentary 

sequence total approximatly twelve hundred and fifty feet. The maxi- 

mum measured thickness of the dolerite sill is in access of one thousand 

feet though great variations of thickness result from the transgressive 

nature 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 Drys 

Bluff (Map Square 4786) southward to the Palmer Track (Map Square 4785) 

and in the area east of tha Tiers fault no transgressions froul,a similar 

1  horizon have been noted. Where the lower surface of .the intrusion 

occurs in the Tiers or Newtown formations (both predomin:Antly shale 
7r 
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deposition), the contact is irregular and frequent shelving of the 

contact across the sedimentary sequence occurs. The dolorite-sediment 

contact may cut across the stratification at any angle but there appears 

to be some preference for a slope of five to fifteen degrees. 

At only two known points in the area is there evidence of dolerite 

intrusion into sediments strotigraphieally lover than the Cluan formation. 
In the north—vest of Map Square 4686 a steep transgression of dolerite 

through the Permian sequence was mapped. In the north-west of Map 

Square 4766 an area of dolerite talus suggests the presence of a dolorite 

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. separating tilted blocks. There is some tendency towards a 

general south-vest dip or, the sediments in this area, However, 
divergence in the direction and amount of the dip indicates th - t the 

various blocks were tilted independAntly during the epeirogeny. d. 0 

accommodate this tilt-variation the faults between blocks are often 

complex, a number of sub-parallel faults ate crush zoncs representing 

the overall displacement between contiguous blocks. Further adjustment 

between blocks has been attain& in wide zones of shearing which show 

little evidence of any associated vertical movement of either boarding 

block. 

Becaura of the closeness and complexity of faulting a given fault is 

rarely constant in throw or direction. The trow of one fault of a system 

may be transferred via a transverse fault to another member of the aystein. 

An examy,le of this mow be seen in the Tiers Fault near the northeast 

corner of Map Square 4885. Here the throw on a north-northest trending 

fault is transferred along a transverse fault trending west-north-west to 

another member of the north-north-west system. The tendency is also 

reflected in the marsh depositsas in Map Square 4785. 

As far as can be ascertained all faults are normal and near-vertical. 

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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Tasmania. 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. 

(ii) A system trending east-north-east are the most numerous and 
;- 

also the most persistiant laterally though the throws rarely exceed two 

hundred feet. There is a tendency, if only alight, to a radial arrange-

ment about a centre 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 consists of members 

of small throw and restricted lateral persistance. An interesting 

development in the shear patterns is evident on Map Square 4785 where a 

combination of shears trending north-north east and those trending 

east-north-east produce a resultant lineation north-north-west. As this 

direction coincides with Trend (i) it suggests that th_re may be a 

structural weakness in the basement rocks in this direction. 

(iv) A fourth system, not well represented numerically in this 

area but including a major fault between Cluan Tier and Drys Bluff 

(Map Square 4786), trends west-north-west. This system is best developed 

in the north of this area. 

From a regional view-point the fault evidence suggests that the 

area is perhaps marginal to the Pte-Cambrian "core" of Tasmania and that 

it lies east-north-east of this core. In support of this theory we 

have the north-north-west trend less strongly developed than in other 

areas to the south and south-west, the tendency to 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 WESTRRN TIERS. 

I. ORIGIN MID RETREAT CIP SCANS: 

1. Formation of Scarps: 

Based on their formation mechanism three major types of scarp 

may be recognised within the area. 

A. Fault Scarps. 

B. Fault-Line Scarps. 

C. Stream-Cut Scarps. 

A. Fault Scarps: 

The north-north-west trending scarp extending from the 

southern boundary of the area to Drys Bluff is a typical Fault Scarp. 

During the Tertiary epeirogeny the Central. Plateau area was upfaulted 

some three thousand five hundred feet relative to the lowest blocks of 

the midlands east of the area under discussion. Movement took place 

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

of this system, with a throw in excess of two thousand feet, is the 

Tiers Fault indicated on Map 1. As no other persistent fault of 

similar 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 scarp. The retreat suffered by the scarp gerrarated 

by the Tiers Fault and the subsequent erosion of the area across which 

retreat has taken place has produced the present scarp with a relief 

in excess of three thousand feet. The presence of remnants of the 

dolerite cap on the dovreaulted block east of the Tiers Fault indicates 

that other fault-scarps to the east did not retreat to and amalgamate 

with the Tiers Fault Scarp. Thus the formation of the present 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 

adjacent Central Plateau Blocks. This scarp has been accentuated in 

the region of Drys Bluff by the down-cutting of the Liffey River along 

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

Bluff is now in excess of three thousand feet. 
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Fault Scarps formed on faults of smaller throw have been 

obliterated in most areas though remnants of these scars may be 

found on the areas of dolerite. 

B. Fault-Line Scarps: 

When, through prolonged action of erosive forces, the down-

faulted block stands at a higher level than the complimentary up-

faulted block the scarp separating the two levels is termed a Fault - 

Line Scarp. The western slopes of the Dolerite hills east of the 

Tiers Fault constitute such a scarp.. The dolerite capping of the 

downfaulted block has proved more resistant than the Permian 

sediments exposed by the retreat of the Tiers Fault Scarp and a 

Fault-Lino Scarp uith a relief of up to five hundred feet hae recruited. 

Erosion of the fault zone of the Cluan Fault by the Liffey River 

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

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

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

C. Stream-Cut ScarPat 

A lineation parallel to the Cluan Fault (trend west-north-west) 

follows Jackey Creek and a "reach" of the Liffey River. Although no 

faulting has been detected along this line it obviously pepresents a 

zone prone to erosion and is probably akin to the shear zones mapped 

elsewhere in the area. Stream incision to depths in excess of two 

thousand feet along this zone has produced similar scarps on either 

side of the incision. Although these scarps may be related to tho 

116c:tonic 2attern (the Jackey Linoation) they were not formed at the 

time of, nor as a result of, faulting. They were formed as a result 

of stream incision and may be termed Stream-Cut Scarps. 

2. Age of Scarps. 

A. Fault Scarps. 

Since the faulting displaces the dolerite and older rocks of 

the area it may be assigned to what is generally accepted as the 

Tertiary Faulting of Tasmania. The most recent contribution to the 

doting of this faulting is that of Gill and Banks (1956, p.12.) 

The presence of Trisaicites (presumably pre -Yallournian) in Launceston 

Group Sediments which poet-date the initiation of Tertiary faulting 

suggests to these authors that the main scarp-forming faulting is 

probably Eocene in age. 
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B. Fault-Line Scarps and Stresm-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 Fault Scarps in 

this area.. 

3. Climatic and Erosional History. 

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

A. Faulting. 

B. Sedimentation in fault troughs. 

C. Basalt ffusion. 

D. Lateritisation. 

E. Glaciation. 

These events will be used as a basis for discussion of the 

climatic and erosional history of the area. 

A. Faulting. 

The duration of faulting is not known with any certainty. 

While the main scarp-forming faulting is probably Eocene in age it is 

probable that it continued 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 formad scarps. The presence of coarse 

boulder beds, considered by Carey (1947, p. 37) to be redistributed 

earthquake debris very near the base of the section, suggests severe 

erosional conditions. 

B. Sedimentation: 

The sediments of the Launceston Group show evidence of a 

number of climatic cycles. Carey (1947, P. 40.) points out that 

seams of lignite characteristic of the early p2rt of the lake sequence 

and horizons of laterite and ferruginous sandstone which occur particularly 

in the later phases of the s:quence, probably represent definite phases 

in the climatic oscillations. The abundant fossil plants of the 

sediments belong to genera which, today, are ch aracteristic of warmer 

and more humid climates. 

The available evidence for the upper limit of sedimentation 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 end 

of the Miocene. These sediments, therefore, probably fall within 

the range Lower Miocene to 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 

basin persisted at least until the Miocene. 

Oscillations in the climate will hove produced a variety of 

erosional conditions. However the presence of over a thousand feet 

of seditents with evidence of rapid accumulation suggests generally 

severe erosional conditions during deposition. 

C. Basalt Effusion: 

Sedimentation in Lake Launceston 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 Launceston 

Group sediments have been bauxitised. 	(Edwards. 1955, p. 20). Further, 

quite extensive deposits of laterite underlain by "grey billy" have been 

noted on the margins of the Launceston basin at levels comparable with 

that of the uppermost Launceston Group sediments. The thickness of 

laterite and "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 lateritisation occurred. 

Whitehouse (1951) suggests that lateritic processes oparatid in Australia 

during an interval that covers parts of both the Miocene and Pliocene 

periods. 
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If we assume that a p-rticular laterite-forming cliutztic zone was involved 

and that the southern limit of this zone migrated northwarfis during the 

Miocene - Pliocene time interval it is aarent -'411zi; the aemanian 

lateritioation occurred in the earlier part of this mace. 

.72.e1on (197.1) oumearisc6. the current ViCW3 an the climatic aril 

tolog. -nehlc coalition: favourable for late -itisation. The most 

evitable climate ia n warm one erith a variable incidence of rainfall 

not sufficient to s.port dense perennial veget .ion. A topoqraphy 

nil-Touching por.c*,rAticn with mechanical erosion at a minimum is 

most suitable. 

E. Glwiation: 

Overlyirg tbe laterites and beuxitieed b. units are the 

post-basaltic gAmelly oLnkle known as the Brickendon 3anda. Stephens, 

Baldwin and fioekins,  (1942, p.11.) consider these represent gravel 

tervacee of .1,i;e Pleistocene glaciation. Near the foot of the '2 lora 

a small olateau (4erBasi4) vata a sloping surface, no doubt repreeents 

• remf:Int e2. an  earlier face of4 zetrerridng aearT?.This1?lateau 

("tnluo flu'ziron - ) to colved 171-th verz• large ansulcr blocks of dolerite 

underlain by lAriolitic ltiterite. 2he size (up to ten foot in diametor) 

ardettreme an;;u1_.riti of the dolorite ic suggestive of glacial 

deposition. 

Tne presence of preeumcbly glacial doeoeits underlain by lwerite 

• cats that erosion :ra not seveze in this area beteeau the period of 

lateriti etion aM tho °mot of gleeiation. 1....he only evidence so for 

produces or tho dating of the onset of glaciation in Tasmania is a 

radio-ccerbon dating by Gill (pero. e31)3. 1;_-6) of a oemple from varves 

of the Linde Talley in eestern ‘1.%aelMania, 	 his gives an aga of te;enty 

• thoosand je ro for these depeeit.e. 

ho degree of gluniation is a matter of importa7ce in asseing the 

prevailing c.,,rosionol comlitions. 2he plateau surf,lee in the area 

otudied beare iivie resembl..nce to the mozo ty leal,L ;" elacial terrain 

to the weet of this area. lievertheleee, CQI-GLial olires sugest the 

presence of e.n ice sheet ii 	e area etudied. T he brosd, marshy 

depressions, tho reed 	 a euggeetion of plucked faces 

and the accumulations of ateular dolt:rite boulders suggest the presence 

of an ice sheet. Certain features of the scarp margin, notably the 
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major joint "trenches" and the"benched" scarp rim (Fig. 6 , Phcrtos.4a5) 

suggest ice action. It Beans probable, therefore, that glacial 

conditions or, at the very least, periglacial conditions, persisted 

in this area. 

On the evidence in other parts of S.E. Australia it seems that 

the Quaternary included, in addition to frigid phases, certainly one 

arid phase and possibly three or four such phases. Crocker (1941)9 

Browne(1945), Crocker and wood (1947) and Gill (1955) support the 

presence of at least one arid phase during the Quaternary. 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 "Pararials 

sheets on the Riverina Plain, 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, a the 

Quaternary and indicated possible ages for glacial and interglacial 

phases bL:sed on the Milankovitch Astronomical Theory. It will be 

noted that the evidence of interglacial high shore lines supports the presence 

of three interglacial phases aid a post-glacial phase as suggested by 

Butler. 

The evidence so far noted of Quaternary 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. 

If we accept the Quaternary record as suggested by Butler (1956) 

for Victoria as equally applicable to Tasmania it is evident that 

the Qua-ternary has been a period of repeated wide climatic variations. 

The erosion conditions were severe during glacial phases and the 

fluctuations from humid to arid conditions would materially accelerate 

the scarp retreat. 

An interpretation by Gill (19559 p. 205) of climatic conditions 

in S.E. Australia following the Post-Glacial Thermal Maximum suggests 

that a wetter period corresponding to the "Little 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 end of the Post-Glacial Thermal Maximum is 

four thousand years before the present. 

4. Summary of Brosiorial Phases During_aau  Retreat. 

Phase I. 
During the period of faulting rapid erosion of the newly 

formed soarps resulted in accumulations of earthquake debris. 

Initial rapid retreat of the scarps occurred with a decreasing rate 

of retreat as the scarp faces assumed a more stable form. 

'Phase IT  • 
During the period of deposition of the Launceston Group the 

general prevailing pluvial conditions promoted fairly rapid erosion 

of the scarp as instanced by the huge quantities of sediments 

(thicknesses in excess of a thousand feat have been measured) deposited 

In a comparatively short time interval. 

Phase  III.  

Following the baealt effusions which narked the close of 

deposition of the Launceston Group a prolonged period of lateritisation 

and beuxitisation occurred. During this period mechanical erosion 

vas apparently' at minimum and scarp 1-etreat would have been slow. 

It is even possible that the scarp reached a stable state for the 

conditions then prevailing. 

Phase IV. 

The onset of glaciation and subsequent climatic oscillations 

raeging from frigid periods to interglacial arid periods must have 

promoted rapid erosion end retreat of the scarp face. This phase 

includes the Post-Glacial Thermal Maximum. 

Phase V. 

A climatic phase wetter than at present succeeded by a trend 

towards a w%rmer and drier climate was probably reflected by a 

slowing down of the retreat of the scarp. 

Rates  Of Retreacc. 

The history of retreat of the various scarpe which constitute 

the Western Tiers will be considered in an effort to determine the 

rates of retreat under the differorrt climatic and erosional conditions 

outlined in the preceding section. 
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(theses feet in diameter) of "grey billy" in the bed of Palmer 

nivulet one thousand feet downstream of the six hundred feet contour 

suggests that strong lateritisation occurred in this vicinity. The 

pisolitic laterite overlying Permian Mudstone and underlying dolerite 

blocks on the talus flatiron (eseli40E) suggest that the lower slopes 

of the scam n itself were lateritised. This occurrence supports the 

view that mechanical erosion Of the scarp during this phase was 
slight. It should be noted that since the overlying dolerite blocks 

rolled from the top of the ecarp the talus flatiron was incorporated 

in the scarp face when these blocks were deposited. It follows that 

the "talus fletiron" did not exist as such, offering a protected 

environment for the formation of the laterite, during Phase III. 

The large angular dolerite blocks which cap the talus flatiron 

mentioned above and a similar talus nation to the north 6mcliaa) 

have been assigned to Phase IV. Their size and angularity completely 

unlike any dolerite blocks found - on the present scarp face at similar 

levels, suggest an origin during conditions of extreme mechanical 

erosion. Their similority to dolerite boulder aocumul-tions found 

on the Central Plateau and generally attributed to ice or frost action 

suggests that their empltcement occurred during the period of gleciation. 

Since these dolorite blocks immediately overlie laterite they may be 

assigned to the first stages of extreme mechanical erosion. The 

retreat of .!'he scarp face from its position when these blocks were 

deposited to its present position may be calculated. If parallel 

retreat is assumed (constanca of slope of the scarp face is maintained 

in parallel retreat) the °mount of retreat is the distance between 

similar levels on the "talus flatiron': and the scarp face proper 

(See Fig.va) This distance is of the order of three thousand feet. 

The incegtion of Phaee IV may have been as recent as the only radio 

carbon deted glaciation of Tasmania, namely twenty six thousand years Ago. 

:Wen if the beginning of the Ileistocene (aahundeed t'acusaed years ago) 

is taken as the beginning of Phase IV the rate of retreat of the scarp 

for phase IV and V is of the order of one foot per two hundred years. 

Compare this rate of retreat with the rate calculated for Phases I and 

(one foot per two thousand, three hundred years), or for the average 

retreat from formation of the scarp (at least sixty million years ago) 
to the present — an average rate of the order of one foot per two 
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thousand years. These comparisons indicate that retreat during • 

Phaee IV and V is far more significaat than auy previouc retreat. 

'nue no division between 2hase IV and Phase V is possible en present 

evidence the generally milder climate during Phase V mid the much 

shorter duration of this Phase lefour thousand years (Gill 1955, p.205) - 

suggests that Phase IV is the dominant Phase of scarp retreat. 

B. Scarp formed by the Cluan Fault& 

In the case of the Cluan Fault the scarp produced had a 

relief of about on thousand feet, only about half theelief of the 

scarp formed by the Tiers Fault. The down-faulted block (Cluan Tier) 

remained at a level some thousand feet ahoy() the lowland eurface to 

the north and eaut. The effect of this elevated block at the foot of 

the newly formed scarp was probably reflected in a slower retreat since 

it would affect drainage frem the scarp face. 

More effective in retarding the retreat in comparison aith that 

from tie Tiers rault was the physical n:sture of the scarp formed. 

The Tiers Fault exposed dolarite cad underlain sediments. Removal of 

the more easily eroded seditents would cause collapse of the dolerite 

and retreat rate would be governed by the rae of erosion of the 

sediments. The Cluan Fault, on the other hand, exposed only dolerite - 

the underlying sedimenLs were at a lower level than the surface og -the 

down-faulted block. In this case retreat could be governed be the 

rate of erosion of the doleeite, a ouch more resistant rock than the 

sediments which controlled the Tiers Scarp. These factors, then, 

explain the small reteeet (less than nine thoueatd feet) frem the 

Cluan Fault to Drys Bluff. 

The physical nature of the sca p face .nd the dreinage control on 

the loaer slopes, ehile paramount in the case of water erosions, would be 

less effective in the else of erosion by ice tend frost. These agents 

acted predominantly on the rim of the scarp during Phase IV. No 

evidence of glacial topography could be found on the scarp face and it seems 

possible that while an ice cap may have exieted on the pleteau.surface 

the tongues of ice which aver-ran the plateau mergin melted on the upper 

slopes of the scarp face. If such tongues of Lee over-ran the rim of 

the plateau they would be most effective in plucking the well-jointed 

dolerite from the plateau edge. There is evidence to swim* this 

theory. 
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is some nine thousand feet. This is a similar amount of retreat 

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 favourable in the period 

common to both scarps, nmely, tl'a later period embracing Phase IV. 

The prospect of ice tongues operating on the northern scarp is remote 

since it is an isolated fragment of the plateau the total area of 

which is no more than five times the area of that portion shoun on 

Map Square 4686. 

The retreat of the southern scarp, measured normal to the lineation)  

to the promontory just west of the lake highway is eight thousand feet. 

This promontory has 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 scarps suggests that the effect of t he differect 
relative 

dips of strata selective to the scarp face is of little significance. 

If the retreat of the southern scarp is measured where ice tongue 

action could have operated, namely in the south west corner of Map 

Square 4686, a figure of nineteen thousand feet is obtained. 

However the possibility of a similar, though weaker, lineation along 

Worners Creek nullifies this evidence. 

A striking feature of this area ist he limited catchment atea 

and the low stream flows of Jackeys Creek. Under the present climatic 

conditions- the catchment area, even with the additten of the headwaters 

of the Liffey which may have been captured from the Jackey drainage 

system, would not provide sufficient water to erode the valley to its 

present depth. In an earlier section it has been suggested that climates 

up to the beginning of Phase III 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 stream flows than the present. It 

seeps, therefore, that much of the stream-incision occurred during 

Phase IV. A similar argument could be applied to the stream-incision 

of the Cluan Fault Zone. The comparatively late elposure of the 

sediments on the up-faulted block has produced a scarp similar in relief 

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

Tiers Fault. The difference in mount of retreat of the now similar 
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scarps suggests that they have assumed that similarity comparatively 

recently,. This is in accordance with the earlier suggestion that their m ark-

ed nhysical differences at the time of origin explain the difference in 

• their rate of retreat up to the beginning of Phase IV. 

D. Fault-Line Scares: 

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

Fault reaches its maximum developement in Macrae Hills (Centre-ground 

right-hand margin of photo.l. and Map 1.). Even though it is thought to 

have existed at least since Phase III, since laterite depcbsits occur.' 

on the western flanks of the southern extension of this scarp (east of 

the area under dieaussion), there has been very little retreat of this 

scarp. The sediments underlying the dolerite are not exposed along 

the fault-line so that retreat depends on dolerite erosion. It has 

been suggested in the case of the Malan Scarp that dole:rite erosion is 

best effected. by ice and frost action. The paucity of dolerite 

erosion in this area which was almost certainly free of ice or 

prolonged frosts throughout its history could be taken as support 

for the effectiveness of ice and frost erosion. 

II. NATURE OF SCARP IN Trim OF SLOPE ELEMENTS: 

Raving studied the origin and retreat of the various scarps 

which constitute the Western Tiers it is now intended to discuss 

'Moo warps in tome of their elope elemente and onbinatione of 
these elements which constitute what may be termed "unit scarps". 

I. slope Elements. 

In his paper on landscape evolution King (1953) describes four 

elements which may occur in hillside slope. These he terms waxing slope, free 

face, detrital slope and waning slope (including the pediment). 

These elements are illustrated in the text figure below. 

--------_____ 	 ----------... .IfsiEtx I .t79 Slope. 
--...., ---...„ 

F-zte.e... 
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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 most active 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 meet the waning slope. 

The resulting conoavo-oonvex slope is a degenerate form. 

2. Scarp Moments. 

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 

by a less resistant material. 

3. The Tiers - a "Multiple Scarp": 

A.Constituents: 

The combination of critical elope elements, suitable 

relief 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 nnd mudstones of appreciably less resistance to erosion. 

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

degree the thinner Permian sandstones represent laterally persist tant 

free faces on the Western Tiers slope. The Western Tiers is therefore 

a "multiple scarp" the units of which vary markedly in character 

and magnitude. 

B. Profile and Drainage: 

The slope elements (free face, talus slope and waning . 

slope) which produce the smoothly concave profile of the unit scarp 

are repeated for each unit of the multiple scarp. The result is a 

"scallflped" profile with a series of benches on the multiple scarp 

face - hence the name "Tiers." (See Pig. 10 ). 

The repetition of free-faces modifies the drainage 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. No 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 

unit scarps has a restricting influence on the drainage form. 

Water gaps form in these outcrops which restrict the lateral 

migration of superficial drainage channels. The result is a 

syctem 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 

Plateau drainage is carried on the face of the Tiers.) 

Buttress-like interfluves extending from the top of the face to 

points on the pediment wall beyond the general line of the base of 
:V 

the Tiers indicate the pexmanance of the drainage form. 

C. Interaction of Unit Scarps: 

In spite of the variations in magnitude and character 

of the unit scarps invdkvod their rate of retreat is sensibly the 

same since the Tiers scarp, as a whole, has retreated. It is 

reasonable to suppose that thdretreat of any unit is governed to 

some extent by the retreat of adjacent members. For instance, 

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 introduces greater loading, in the form of blocks 

from the cliff collapse, on the unit immediately below precipitating 

failure in that unit. 

The effect of this contemporaneous collapse of a number of units 

is to maintain uniform retreat over the whole scarp face. 

III. COMPOSITION AID RETREAT MECHANISMS OF MITT SCARPS. 

I. Dolerite Scarps: 

The dolerito nail" which caps the Permo-Triassic sedimentary 

sequence and forms the surface of the plateau in this area provides 

the free-face of a scarp which dominates the Western Tiers. The 

dominance of this unit is duo not only to the thicknese of the 

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

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

A. Waxing Slopes. 

The waxing slope is not well developed in areaowhere a 

free-face is present. The high resistance to erosion and 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 cross 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& G and 

Photos.4&5 ). These trenches may persist well beyond the limits 

of the waxing slope. 

Associated with the joint trenches and restricted to the same 

areas are features which constitute a stepped margin to the plateau. 

These features are illustrated in Fig. 6 . Each "step" is level, 

bounded by major joints and backed by dolerite cliffs. (Photo. 

Originally it was thought that these steps had 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 erosion processes. They may well be 

connected with tongues of ice which, it has been suggested, overran 

the plateau margin. Preferential erosion of the joint zones 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 existing 

fractures in the rock, dislodges joint blocks, particularly those 
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with one face unsupported, as in a cliff face. In this manner 

the joint blocks above a well developed horizontal joint plane 

(now representing the ntreadn of the step) could be dislodged 

and carried some diattree down the face of the Tiers. The complete 

absence of trenched joints and stepped margins at points where the 

plateau has a raised rim (as at Drys Bluff) suggests that the 

"trenches" and "steps" are duo to an erosion process rather than a 

structural relation between dolerite and underlying sediments. 

The /structure relations are apparently constant over long distances 

of the rim while the erosion processes may well have varied widely 

over the saw distances. 

B. Free-Faces:  

The free-faces of dolerite fonn a wall of varying heights 

up to nine hundred feet (Drys Bluff) along much of the scarp rim. 

The slope of these cliffs varies considertbly and of those measured 

no relation between hieght and slope could be established. A series 

of near-vertical joint faces separated by ledges of varying uidth make up thew 

slopes aid 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 better examples of that 

structure. The effect of this pronounced jointing is to make the 

rock particularly prone to frost action during the winter months. 

(How much more prone to ice plucking) 	The thaw of frost-filled 

joints loosens End precipitates many individual joint blocks on to 

the scree slopes below the cliffs. 

As well as the vertical system (evident in Photos.6.erz) several 

other joint systems are apparent. A fairly well developed 

near-horizontal system may be discerned in Photos. G.sr while in 

Photos.IGma a few strongly developed oblique joint planes may be 

seen. All these joint systems play an important part in the retreat 

of the dolerite scarp and any retreat mechanism proposed must be 

reconcilable with such systems. 



0;
) 

 
 

 
 

 
 

(se  _Lic  _1)2  

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

-
 

 
 



( 34) 

C. Detrital Slopes: 

The features of the detrital slopes and of the vast 

accumulitions of rook slide material which constitute those slopes 

are the key to the retreat mechanism of the dolerite scarp. The 

months of field Observation, of plane tabltng under difficult 

topographical conditions and trying weather conditions have produced 
TKA0,1 
n;euch valuable data on the surface features. Plane tabling of a 

large area of the detrital slopes and plateau margin 5ere carried 

out by the author 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 (Pig. 4 ) only fifty foot contours were plotted so 

that geological features were not obscured by contour detail. 

Only in the enlargement of one portion of the area (Fig. G ) have 

the ten foot contours been retained. In other areas (Pigs. I & 3. ) 

fifty foot contours only were plotted. The areas chosen for 

plane tabling were so chosen because they included detrital—slope 

features common to many areas of the Western Tiers. There has 

been no attempt 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 and an interpretation 

of their features attempted. Their general location is shown on 

Map I. 

Type Area I (Pig.1  ) 

Dolerite cliffs some two hundred feet high extend from the 

eastern margin of the area to within five chains of the western 

margin. A gap in the dolerite cliffs is occupied by a scree—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 repose of that material (25deg.) 

The gap in the cliffs and -the scree slopes are shown in photo a . 

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 
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in a matrix of clay derived from the weathering boulders.) A small 

proportion of the area is occupied by ploughed fields - accumulations 

of angular boulders without a clay matrix and therefore devoid of 

vegetation. A number of depressions, steep-sided and up to ten 

feet in depth and elongated parallel to the °carp, 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 rest of the area and there was a suggestion of a preferred 

orientation 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 font contour 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. 50191, 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. 24 . 

Features of the core indicated on this log are 

(i) The alternations of sound and broken rock both 

showing little signs of weathering. 

(ii) The overwhelming majority of joints dipping at 

or near sixty degrees. 

(iii) 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 fragments in which the bedding 

direction indicates a displacement of some thirty degrees from their 

original position. 

(v) The sound, fresh and undisturbed condition of 

sedimonts 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, is also coincident. 
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It apoears, therefore that a large mass of dolerite has hinged outward 

from the cliff face about an axis parallel to the cliff face and near 

the base of the hinged mass. The shattered zones which alternate 

with zones of sound rock in the drill hole are interpreted as zones 

of movement (crush breccias) between contiguous blocks which constitute 

the hinged mass. (A simple parallel is obtained when a bookend is 

removed from a row of books so that the books tilt away from the 

remaining bookend.) Some of the sediments underlying the . dolerite 

may have adhered to the dolerite mass since the measured angle of 

dip of beds in the zone three hundred and eighty four to three hundred 

and ninety six feet is the complement of the angle of prominent 

jointing in the tilted blodk„just as the angle of dip of the undisturbed 

sediments (two to three degrees) is approximately the complement of 

the angle of pronounced jointing (near—vertical) in the dolerite cliffs. 

The zone of poor recovery may result from crushing of the less competent 

of those sediments during movement. 

Several explanations as to the cause of the movement of a large 

mass of dolerite in this manner may be offeredt 
\ 

(i) The Triassic sediments which underly the dolerite 

are notably weak and prone to slaking on exposure. Furthermore, 

certain layers contain Halloysite. Grim (p.18, 1950) points out 

that any change of moisture content of material containing this clay 

mineral would cause a great change in properties of the material 

an unplastic material may well become plastic. It seems feasible, 

therefore, that a radical change in properties of the underlying 

sediments, brought about by their change in environment as the scarp 

face retreats to them, may cause plastic flow in these sediments. 

The great bed of dolerite may squeeze out certain layers of the 

sedimentary 'pile ° supporting it and precipitate failure in the 

dolerite mass. Such a squeezing—out, at a maximum at the scarp face 

and diminishing inward s,would produce a wedge down which the over-

lying mass may slide. The zone of poor recovery may occur in 

sediments disrupted init ally by plastic flow of supporting layers and 

subsequently by the over—riding, sliding mass. 

Against 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 balloysitc would not constitute one per cent of the 

Upper Triassic sediments. Nevertheless, failure of a limited 

number of layers may introduce stresses in the sediment pile sufficient 

to precipitate feilure in other layers. Clay minerals other than 

halloysite constitute a considerable portion of these sediments which 

are nototious for their disintegration behaviour on exposure (or on 

drastic change of environment.) The fresh undisturbed character of 

sediments below three hundred and ninety six feet precludes the 

existance of deep-seated planes of movement causing cliff collapse. 

(ii) A second explanation involves the movement of 

ice over the scarp rim. The broad shallow depression on the plateau 

drained by the creek on the western margin of this area may well owe 

its origin to ice action. An ice-tongue slowly oven-running the 

scarp may well initiate outward rotation on marginal masses of 

dolerite. Once the movement is initiated gravity will complete the 

operation. Against this hypothesis is the overall depth of the mass. 

It seems that the mass would have to be unusually free of horizontal 

and oblique joint systems for a force applied at the plateau level 

to rotate a block of such depth. 

The smaller 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 depressions could be interpreted as tension zones in the talus 
1 
'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 contact 

between the talus deposits and the underlying sediments. Photo.te shows 

water emerging from this zone where it is intersected in a cutting. 

, Such underground flows may well remove sufficient material from the 

talus sole 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 fields may represent zones of movement in the talus. 

As in the case of the depressions 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 



38) 

be included in the interpretaUon of 	areas where more evidence 

is available as to their origin. 

Tyne  Areall ) 

This area includes Mt. Blackwood, the cliffs, up to four hundred 

feet in height, bordering this eminence and a debris slope displaying 

two now feateres of particuler interest. 

A smell round hill located on the section line is composed of 

dolerite blocks in which the prominent joint-dip direction is normal 

to and away from the cliffs. This jointing is shown in Photo. 13 in 

which the seated figure gives an indication of the size of the blocks. 

Photo. 14 illustrates the relation of the hill and neighbouring scree 

slope. It is apparent that this hill represents a coherent mass which 

has moved from its original position en-masse. It is not an 

accumulation of blocks which have fallen at different times. The 

rotation of this mass, as instanced by the disposition of prominent 

jointing, is in the opposite sense to that of the hinge-block 

described from Type Area T. 

An interesting intereretetion b sed solely on the direction of 

rotation is that a "slip-circle" is involved. Movement along a 

slip-circle would have to be appreciable to produce the observed 

amount of rotntien. rhile it is conceivable that a 81in-circle may 

form in weathered rock-elide materiel containing an aperecieble 

proportion of cl&y it seems unlikely that a slie-circle would develop 

in the heterogeneous sediment pile underlying the dolerite sill. 

Movement acme ',Alch a surface would involve the shearine, of quite 

competent sandstone horizone (see core log - D.U. 5019) as well as 

the dolerite. (Igo slip-circle movement could be accomplished along 

a surface coinciding with joint planz,s in the dolorite over the full 

thicknesa of the dolorite since considerable curvature of the sliding 

surface is demanded if rotation is to be effected.) 

Perhaps a more feasible interpretation is a movement along a 

plane surface represented by a member of the oblique joints sestem 

in the doleriee. Photos. 12 & 16 show the strong development of 

such a system in the cliffs at this point and eliding mae well 

occur along such a plane. Photo. 18 illustrates sliding along such 

a slane of a considerable mass of dolerite. Crushing in the vicinity of 
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the plane is evident. A ranarkable feature is that the disposition 

of the joint planes indicates that no rotational movement has 

occurred. (Location of featuee: 4795B. 8553N.) 	Another example 

of sliding on a plane within the dolerite is shown in Photo. 17 

(Location 401911;. 0496W.) In this case there is some backward 

tiltine of the blocks above the pleee. The fact that backward 

tilting occurs suggeete thet the movement is rapid. It will be 

noted that the plane of failure is steep so that rapid movement 

would be expected- 

Considor now the entenave plOughed field of Type Area 11 

(rhete. 15). Thie broad area has a vcry low general grade and an 

extremely irregular surface-a "choppy sea" curface in ehich the 

WAVGS heve an emplitede of two to five feet. Dolorite blocks of 

sizes up to ten feet are oheoticalle distributed. ?arts of the 

surface are sufficiently mature to [support stunted trees. In other 

parts the boulders aro lichen-covered while yet other areas are 

occupied by brown, lichee-free boulders which would indicate 

comparatively recent redietribution. A number of trenches 

paralleling the scarp line are eresent. 

The whole aspect of this eurface is one of movement - a rock 

glacier of complev intetnal stresses providing zones of tension 

(trenches) and of compression (mounds). Yet this area is completely 

surrounded by timbered alopee devoid of evidenee of recent movement. 

Possibly the oscillations wh-ch disrupt this surface are caused by 

groundwater. This fiat area may provide a tree for groundwater. 

The only permanent streem in this area, apart from two which have 

a plateau catchment of eeverel square miles, emerges on the slope 

at the three thoueend Tout contour below this ploughed field. 

Drilliee results in ether areas indicate that while considerable 

groundwater flows occur at the base of the rock-slide accumulations 

groundwater doee not occur in any quantity above this level. If 

local conditions here cause the groundwater table to fluctuate 

within the rock-slide mass the associated swelling and contraction of 

clays in the zone of fluctuation mey well cause disruption of the surface. 

In considering the origin of this broad, gently Sloping mass of 

rock debris ljing at the foot of a four hundred foot cliff it is 
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intsresting to cemr many of the emeller rock-fslls deacribed 

and )hotlgralM Ir HOW (1909) in the an Juan Muuntaite 	!Iowa 

auggocto -tat the trieGerino mccharlem for the catastrophic collapse 

reoired to preducz the broaf?. ;  gently slord.r4 macs of rock-elide 

materiel is provided by earthquake rwee. 

It should be noted that :!oirain3 in the three mounds hejoEd 

the 1WIto ethz 710110d field illSoctes "hinje-block" 

sioftler to that Aoscribcd for 13;i 2e J',.rea 1 ;  for r3ose fostu:7cs. 

This suggests tht the two principal features in this areas the 

outward-dippirz block and the ,sently-sloping plow3hod field are 
c,= 

not rslated to persis,4nt mcchaniame of xotrost. 

The small "plou2hed field" to the north-west of the main field 

bee little in common with tho latter. It /9 a ateuiy 	evenly 

siontra neon of ilchen-groo blooke produced by slope ar.ljastiaeM on the 

fL . nks of the hinge-bloc%a immetliately to the south. Such slope-

reac%ustment uith the production of minor olouLhed fieLla is a common 

feature on thn larger "hio cle-blecks-  of Typo Ares III. 

This area (braces the f1.211 width of the dttritua alopo from 

the compsratively small cliffs bordering the plceau to the too of 

the rock elle° accumuletiene r,-ntinr,  on outcrop° of the bedrock 

sedimonto. Section A.B. (Pig. 9 ) shore the raative ma=vniV,Ado 

of the cliffa and the detritus ale,:os mil the irreuaar preille of 

the slope. The outstanding sur&:sc features of this slo)o aro the 

"hin,7e-b1eck" (or nrctsted-bloek") cliffs end he associated ploughed 

fields. 

The 0111n-block" cliffa c . nnist of hikse maces of 'lac:rite in 

uhich tho prominent joint :.)laus ail towards the cliffs. As shown 

in Sections A.n. 	C.D. ;  tt.r.: angle -.1f. lip for any given section' 

docreasee as distance from the cliff increases. Since this angle of 

dip is a measure of the rotation suffered br the block it follows that 

the blocks furthest from the cliff line hsvo suffered the greatest 

rotation for any part -eular section normal to the slope. Photos. 19 to 23 

shou fe-turos -  of those cliffs. The cliff face is formed by Whet 

may bo termed the bo-1 pianos of dolerite prisms ohich constituted 

the sill. 2ven though thu messes have rotated through as much as 
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ninety degrees there is still a strong coherence between constituent 

blocks. Aere can to no doubt that the mass- moved as a whole. 

It ehoul6 be neted that these hinge-blocks have suffered far less 

shattering than the outward-dipping block in Type Arca II. The 

inference in that case was that the movement wee; catastrophic. - It 

may be inferred here that the coherence of these "hinge-blocks" points 

to a more sedate rotation. A significant feature of hinge-blocks 

in this area and in all other cases studied is that they do not exist 

at levels below the base of the sill. The lowest hinge-block (GectionCD.) 

noted is on the three ±ho ,2cand one hundred foot contour 	The dolerite 

e sediment or contact datablished in drilling D.H. 5033 is at R.L.3920 

feet. Thie could be taken to indicate thet there is very little 

downelopo-sliding of the block during rotation. 

There is a tendency towards alinealparrangement of hinge-blocks. 

A lino of hinge.block cliffs extends eastwards from DA 50B5 for a distaree 

of twenty five chains. The line crosses the slope contours obliquely. 

The dip of blocks throughout this line is roughly ,onsant. (A"scatter" 

of readinjs between seventeen and twentyfour degrees was obteined 

with no apparent relation between dip and contour level within this 

range.) It mey be significant that this line is almost parallel to 

the plateau rim. 

The mechanism of retreat which produces these hinge-blocks has 

been discussed in connection with Type Area I. The two suggested 

mechanisms (i) plastic flow of underlying sediments (ii) rotation 

of morginal blocks by ice overrunning the scarp rim - maybe further considered 

here. A study of drill cores reveals that the dolerite contact occurs 

math lower in the sedimentary sequence in this area than in Type Area I. 

The Cluan Formation eediments underlying the dolerite at this point 

are not knout, to contain Halloysite and generally contain a much lower 

proportion of clay mineral eediments than do the Tiers Formation 

oe 
sedimerts which underlie. the sill in Tyre Area I. The liklihood of 

k. 
plastic flow of sediments is therefore greatly reduced in this area. 

Now consider the alternative (Ice Tongue) mechanism. Looking 

southward from the plate cu margin (on section line A.B.) the plateau 

presents a remarkahly level surface the only serious interruption of 

which are the steep sided peaks of Brady's lookout. The view is shown 
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in Photo. 11 • There i s nothing in this aspect to conflict with 

the presence of an ice sheet in this area during the "ileistocene. 

The trenched major joints belonging to the S.S.. system and the 

stepped-rim have been mentioned earlier as -possibly of glacial 

otigin. The evidence of an ice tongue at this point , while not 

strong, is worthy of consideration. While it is considered that 

such nn ice tongue could cause outward rotation of marginal blocks 

the obvioue objection is that such blocks would scarcely persist to 

great depths in view of the horizontal joint systems. It has been 

suggested earlier that thc scarp face may hays assumed a stable form 

in the period xior to the glacial phase. If we assume that the 

dolerite ecction of the scorp face was a fairly even slope devoid 

of major cliffs and free of rock slide material - similar in fact 

to the present slopes in the western corner of this area and those 

on the upper part of section C.D. - the ice tongue may well produce 

the eVect diepleyed in the hinge-block areas. 'Uorking from the bottom 

of ±hc 	lope succeuive blocks noed not :persist greatly in 
depth. The resulting uurface of undisturbed dolerite wou4d be a 

sloping plane roughly parallel -to the present surface. A seismic 

traverse carried out along the lino of drill holes by the Bureau of 

Mineral Reeources suggested that this was, in fact, the attitude of 

the dolerito basement beneath the rock slide material. Section &F. 

(Fig. 7 ) along this line indicates the only known points on this 

basement (at the surface and in P.R. 5033). A study of joint 

directions in core from D.rT. 5033 (Fig. 	) suggests that above 

five hundred and thirty eight feet successive blocks tilt to a 

greater and greater extent. Above three hundred ard eighty feet 

(about R.I. 3100) the prominent direction was near-horizontal. Is 

it only chence that the level coincides with the lowest level of 

hinge-blocks in this area? 

Another possible mechanism may be mentioned. A small scale 

mechanism operating on individual joint blocks on the cliffs today 

may be termed a cumulative wedging mechanism. The joint separating 

a marginal block from the cliff is opened by frost action. On 

thawing) fragments of rock drop into the open joint. These fraginents 

wedge the joint open and successive freezing and thawing may increase 
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the wedging effect. At succeseively latee utages joint blocks 

behind the merginal onn may ureergo 	irtrwedaene. It will be 

aeon that the wedging effect is cumuletive 	r.:1-elt is to say the 

outermost block is rotated through an sn'71e equal tu the sun of the 

wedge angles on all joints behird thnt bleck. This process is 

illustrated in the text figure below. 

If this mechanism is applicable on a larger ecale (the scale of the 

hinge-blocks) it would produce the rotation direction observed in 

the hinge-blocks. Weathering along major joints with the production 

of cloy may offer aura feasible nItcroctivs tPun 	frost action 
observed in the small scale example. The eeellinie of this cl tee 

when wet Or simply the increased -volume on formation and the fact 

that there would be a decreasing weatheriea effect with depth may 

provide the wedge mechanism. The clay zone between four hundred 

and forty and four hundred and fifty feet in 1.H. 5033 (rig. 8 ) 

could be interpreted as such a wedee filling. The appeal of the 

"cumulative wedeing" mechanism lies not only in the existence of a 

known small scale counterpart but in the feet that it explains 

slow oetward-rotation of masses which would preserve -noir cohesion - 

a feature observed in the hinge-blocks. Furner, it explains the 

increasing amount of rotation of blocks with increasing distance 

from the present scarp rim. It should bt stressed that initiation 

of the rotation is all that is required of any mechanism - once the 

centre of gravity is moved beyond the btico of the asts it rotation 

will proceed under the effect of grevite. 

The "ploughed fields" aesociated with the hiree-blocke are 

the aecond feature of the area worthy of noi;e. Inaeection of 

the area ind cates the juxta-position of rotted-block cliffs and 

plougeed fields. The •xamele chosen for detailed description is 

that shown on a larger scale in Pig. G . Photo. 24 3tves an 
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indication of the surface composed of lichen-free blocks. The group 

of trees on the Skyline are growing on the "island" shown in the plan. 

Collapse of the rotated-block cliffs was accompanied by slumping of 

the rock Slide material over a wide area. The bulging of contours 

round the down-elope tongue of the ploughed field and the dropped 

level of its up-slope limits are characteristic of slumping in 

homogeneous unconsolidated materails. The island, representing 

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

surface. Photo. a5 shows the margin of the "field. Some lichen 

is evident on blocks and exposed roots can be seen. The absence of these owe] 

most of the surface is evidence of the amount of disturbance of the 

mass. Photo. a7 (taken on another ploughed field) shows the 

slumped field in the foreground and the unbreached portion of the 

rotsted-block cliff in the background. Photo. 2s shows a large 

eucalypt buried to the full depth of its trunk by a slumped mass 
of dolerite blocks. 

The causes of collapse of the cliffs could be numerous. The 

cliffs, retaining walls of great thickness End sound structure, do 

not apprear prone to undercutting. The presence of smaller cliffs 

on the lower levels without associated ploughed fields suggests that 

collapse may be due to forces operating down-slope from behind the 

cliffs. These forces may be associated with the extreme climatic 

conditions of the upper slopes. The upper slopes on which the 

ploughed fields occur are frequently snow covered during winter 

while slopes lower down are free of snow accumulation. 

An interesting feahlare of the lower slopes is the bench 

development. The general slope is interrupted by flat benches 

bordered on the down-elope 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 leqers of the rock slide material. 

Tho area with the heavy timber cover is significant. To the 

north mad 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 4385). No doubt there is a slow migration of talus material 
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down these "rivers" fed from -the surface of the upper slopes. 

The heavy timbor EIIaTk an island between theeo "two 'tivardi This 

isiara is a steble area the surface of which contributes little to 

the nflow" of the nrivere". 

Subsurface inveotipation: 

Vismona drilling in the locatiens indicated (Vige.4,7,8cee9 ) 

provided subsurfe.ce information on the rock slide material. 

Unfortunately DJ!. 5085 has not yet been drilled. The irrformationf 

-"lotted on section U.F. (rig. 7 ) and shown im some detail on core 

logs (Fige.8es ) 1  indicates the ertoet in depth of these deposits. 

Unfortunately the section is oblique to the slope so that some 

value, from the academic viewpoint, is lost. The drilling wee 

ortremely difficult 9 es can be imagined, due to frequent movements 

of dolerito blocice and cavings of clay sections. Of the two 

materials penetrated in the rock slide zone almost all of the dolerite 

woe recovered 	almost all the clay was lost. On TAottinis the 

recoveries an itrtoreetine feature emerged. There is a feeggestion 

of zoning al indicated on Section 3.F. (7ig. 7.  ). The upper 

zone penetrated in 5033 gave a core recovery of 85% obtained 

principally from long ' ,runs" of sound rock extending down to two 

hundred and thirty four feet. Thereafter a zone of crushed rock 

with good. recovery was succeeded. by talus eelotration with decreasing 

recoveries. From two hundred and eighty three feet to three hundred 

aril twenty feet no recovery was ottained. Between three hundred and twenty 

feet and the next zone of no recovery et four hundred and forty one 

feet the overell recovery was 70',:f though the centre portion of this 

zone grve practically full recovery. In D.H. 5032 clay layers 

were penetrated at fifty five feet and at one hundred and ninety one 

feet. The zone between these le.yers-, including some long "runs" of 

good recovery, gave an overall recovery of 70. Between two hundred 

end seven feet (bottom of clay leper) ani two hundred and eighty nine 

feet the recovery dropped to 401.:. In D.H. 5030 a clay layer 

occurred at thirty three feet. Below this layer the recovery in the 

rook slide zone was 40!. The oat-tern suggests that recoveries fall 

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

rock-falls separated by a time interval during which clay formed on the 
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surface - a serface baried and preserved by the subsequent 111111° 

On the evidence available it can be no more than a sugeartion. 

tletthee (p.106, 1930) points out that excavation of talus in the 

Yosemite Valley revealed four distinct layers of rock debris 

separated by leuers of earth matter containing roots aril etumps. 

The flatness of the layers indicated on the eectionteR. could 

be explained by the obliquity of the section to the siopo. 

However, the 8eCon1 zone in D.11, 5033, exhibiting steep.apeo 

prodomina:It jointing le egnioat the theory — at least ne far as 

percentage recovery zones is concerned. It will be remembered elzo 

that an alternative (one of many) explenation of the cleq layer 

below this zone has already been given. 

The shape of the base of the rock-slide meterial end the 

distribution of load outgoes that movem -nt of the (.112iire aano 

could take place. The zone of weAhere4bedimente with Ito hirrl 

water content would provide a lubricated sole plane along ehich 

the overlying mass could slide. No definite evidence of such 

movement has come to light. BVidenco egainst movement, at least 

on this section is seen in the zone of heavy timber. At 1:1 . 13 5 031 

the reek-slide zone is twenty four feet thick. The timber in -this 

vicinity includes trees eighty feet high with a butt di emeter of 

five feet. Test pits indicate that the root systems of thee° trees 

penetrate tho underlying sediments. Movement of the rock-elide mass would 

cause either tilting of the trees or banking up of boulders againat 

their up-slope side. Neither of these features Are- evident. Again, 

any appreciable movement should be evident at the upper limit of the 

rock-slide material. Yet along this line no aeidence of general 

subeidenee of the rock-debris MaGE3 could be found. If movement 

occurred it would surly be evident at the contact between slide 

metorial and dolerite(in situ) where no cliffs and no obecuring 

scree are present. 

2• Sandstone ScFirls: 

A number of strong sandstones of the Permo-Triaseic eesuence 

form f.ree faces of the sandstone unite of the multiple scarp. 

A. Ross Unit. 

The Ross Sandstone forms persistent cliffs on the scarp fees 
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(See Photos. lA2) immedietely below the dolerite unite.. The 

regular joint system of this massive sandstone produces roughly 

equidimeneional blocks up to twenty feet square. Detritus from 

these cliffs together with dolerite detritus which has ever-run 

the cliffs forms accumulations we to fifty feet thick at the base 

of these cliffs. 

Underlying the Ross Sandstone are the soft micacsoue shales 

of the Jokey Formation. The erosion of the shales, vt 0 faster 

rate than the massive sandstone above tbem, causes failure in the 

shales at the base of the cliffs and collapse of the eandstone joint 

blocks. 

The mechanism of retreat of alsandstone units is a periodic 

one in which the following stages may be recognised : 

(i) Detritus 9.e-cumulations on the slope 'below the 

cliff are removed by water erosion 

(ii) The exposed shale formation erodes to n steep 

slope near the cliff with the upper part ettaining a slope which 

conforms with the face of the cliff. 

(iii) Yielding of the shales along fractare surfaces 

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

supported by those shales above the plane a fracture. 

(iv) The cliff-collapse material forms detritus 

accumulations at the foot of the cliff. 

The retreat of sandstone units at pro cent is very nlow. Few 

areas were seen where cliff faces of fresh rock indicated recent 

collapse. Few areas were discovered where the underlying slope-

formation was exposed at the base of tho cliffs. The dense scrub 

which flourishes in the protected environment at the foot of the cliffs 

impedes the erosion of the detritus. Koons (1955) carried out 

measurements of slope angles on the bare slope-forming rock below 

cliffs in the arid regions of the south west United States,. nod 

established thet a reasonable constancy of this angle (thirty tour to 

thirty eight degrees) exists for a number of rock typen. Because 

of the limited number of sub-talus slopes exposed no eurvoy of this 

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

range suggested. 
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Map Sciutire 4885 no deposits of "Gallas' ervounded by Gulden Valley 

Groo:p sedimento. The more easterly one can be seen as a low 

sloping plateau in the middle—ground on the righ. —hand margin of 

Photo. 2. rig. 10 1ndiciie3 the goneral dimensions via topographical 
form of the more typical western ane. 

"Talus flatirons" characteristlo of western Grand Canyon as 

described by Koons (1955) are somewhat different from the Western 

Tiers "flatirons" in section but this difference is explained by 

the much steeper slopes of the Grad Canyon neaps. Their origin 

and history - re6;narcts of a preVious scarp face left behind by a 

retreating scarp and .protected from erosion by a detritus cover 

more resistant than the underlying rock — are similar to those of 

te Western Tiers examples sal the term "talus flatiron" suits the 

loco' c):Tr)nvslo admirnb1j. 

In view of their function as a record of an earlier scarp 

face they are most significant features in any study of scarp 

rGtreri;. 
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TAM C. 

STABILITY AU/MIS OF SCARP SLOPES. 

I. STABILITY COMPARISON WITH OTHPR SLOPE FOR1S: 

For any given relief, the scarp form, exemplified by a free—face 

and detritus slope, represents the ultimata in activity. The 

strongly concave profile is the hall—mark of this form lust as the 

convex profile reflects degeneracy of mechanical erosion and 

concomitant stability of the form. The convex element (waxing 

slope) may suffer superficial instability in the form of hill creep 

but this element is not affected by catastrophic rock—slides. 

Any stability comparison between slopes should therefore be made, 

in the first instance, on the basis of relative developments of 

convexity or concavity of the upper parts of those slopes. 

II. PAC-AS AFFECTING THE R12R7AT RATS OF SCARPS: 

From the discussion included in earlier parts it will be 

realised that innumerable factors govern the rate of retreat of 

scarps. Only the more important ones which are widely applicable 

are treated here. 

1. Nature of the Cliff Forming Rock: 

A comparison of the dolerite unit mid 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 

Ross Sandstone, by comparison, is a weak rock yet its widely spaced 

joints do not assist mechanical erosion to the acme degree. 

The appreciably higher specifià gravity of the dolerite results 

in incremed loading on the slope—forming formation for the SSAS 

thickness of cliff—forming formation. In considering loading at 

the scarp face it is necessary to take into account the lateral 

support availdble to the merginal blocks. The strong vertical 

jointing of the dolerite reduces the lateral support to these blocks. 

The nature of the cliff—forming rook naturally dictates the 

nature of the rock slide material which, by virtue of its erosion—

susceptibility affects the retreat of the scarp. 

\ 
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2.1_31111EtaLltatIkaa- h_kattim_112s: 
The nature of the slope-forming rock is as vital a consideration 

as the nature of the cliff-forming rock. The coMbination of a strong 

rock underlain by a weak rock is the pre-requisite of scarp 

formation. 

Characters of elope-forming rocks which favour scarp formation 

are low shear strength, a capacity for rapid physical change on 

change of environment and a high susceptibility to weathering or 

erosion. 

The effects of the elope-forming rock on scarp behaviour has 

already been noted in the case of the two Liffey Group scarps. 

25. Climatic  Environment: 

The behaviour of similar scarps under different climatic 

conditions will be strikingly different. The type and amount of 

rainfall is an important factor in determining the erosion rate of 

scarps. Extremes of elim-te may introduce factors such as frost 

action. Type and persistence of vegetation, a function of the 

climatic environment, may play an appreciable part in determining 

the rate of retreat of a scarp. 

The climatic factor must be considered, not only in comparing 

scarps in different areas but also those at different levels of a 

multiple system. The general climate on the dolerite scarp is 

much more extreme than that on lower members of the system. 

In considering the past history of a scarp a knowledge of 

the past climate is essential to a full assessment of that history. 

4. Position in a Uultinie System: 

In a multisle scarp such as the Western Tiers the position of 

a unit scaro in the system is of importance. It determines the 

amount of water available for transport of detritus from that unit 

and also the amount of detritus introduced from higher levels. 

The dolerite may well present a vTry different aspect if it occurred 

some distance down the face and was overlain by several sandstone units. 

TIM NATURE OF 	REAT MECHANISMS: 

In the assessment of stability the characters of the retreat 

mechaniam are vital. What may be termed constant, small-scele 

mechanisms - those involving the production of scree slopes at the 
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foot of cliffs - may move significant amounts of material. But 

howcver significant these mechanisms maybe in the scarp retreat 

their very constancy permits their evaluation in terms of slope 

stability and retreat rate. 

he behaviour of the larger-scale periodic mechanisms is more 

difficult to assess. A study of the retreat cycle followed by an 

assessment of the stage of the cycle reached may allow the 

prediction of a period of time before the catastrophic stage is 

reached. 

The possibility of large-scale constant mechanisms cannot be 

overlooked. The cumulative wedging mechanism suggested for the 

dolerite hinge-blocks may represent this type. While ultimate 

proof of such mechanisms may require strain measurements within the 

rock-slide mass the realisation of the possibility is important. 
cato 

In the present Athe realisation that evidence existed for 

such a mechanism resulted in the relocation of all pronosed 

excavations to points below the limits of rock-slide accumulations. 

ACKNOWLEDGMEAVS  

Much of the material used in the composition of this thesis 

was collected in the course of geological duties for the 

Hydro-Electric Commission and the author wishes to express his 

gratitude to th!II organisation for permission to use the 

materiel for this purpose. 



REFERE1033.  

ALDEN, William C., Landslide and flood at Gros Ventre, Wyoming. 

A.I.M.E. Tech. Publ. 140, 14p., 1928. 

ANDKSIS p B.C. 	An excursion to the Yosemite (California), or 

studies in the formrition of alpine cirques, "steps", 

and valley "treads": Roy. Soc. New South Wales 

Jour. and Proc., vol 44, P.262 - 315, 1910. 

BANKS, N.R. $ 	Permian, Triassic and (brassie rocks in Tasmania. 

Extrait du volume Symposium sur lee series de 

Gondwana public par le X1X Congres Geologique 

International, Alger 1952. 

BENSON, W.N., 	Landslides and their relation to engineering in the 

Dunedin District New Zealand. Econ. Geol., v.41, 

.328 - 347, 1946. 

BINGER , 	, 	Analytical studies of Panama Canal slides. Int. Conf. 

Soil Mech. and Found. Eng . , Second, Proc . v .2 

p.54 - 60, 1948. 

BROWNE, W.R. 	Proc. Linn. Soc. 	70, 1945. Pleistocene 

glaciation in the Kosciusko Region. Sir Douglas 

Masson Anniversary Volume, Univ. Adelaide, 25, 1952. 

BUZLER, B.E., 	Perna - An Aeolian Clay. Aust. Journ. Sol, 18 (5), 

p.145 - 151, 1956. 

CAREY, S.W., 	Geology of the Launceston District, Tasmania. Rec. 

Queen Victoria Mus. 2(1), P.31 - 46, 1947. 

COTTON, C.A. , 	 A review of tectonic relief in Auatraliu. Journ. Geol. 

57 (3), p.280- 296, 1949. 

CROONER, R.L., 	Trans. Roy. Soc. S. Aust., 65, p.103, 1941. 

	 and WOOD, J.G. , Trans. Roy. Soc. S. Aust 71, P.91. 1947. 
DALY, R.A., MILLER, 7,1 .G., and RICE, G.S. Report of the commission 

appointed to investigate Turtle Mountain, Frank, 

Alberta, Canada G.S., Mem 27, 34P., 1912. 

DAVID, T.W.E. , and BROWNE ,w.R. , The geology of the Commonwealth of 

Australia. 3 vols. London, 1950. 



REFERENCES CO/VI 

EDWARDS, 	, 	The Age and Physiographical Relationships of some 

Cainozoic basalts in Central and Eastern Tasmania. 

Pap. Proc. Roy. Soc. Tas. 1938.   

The North West Coast of Tasmania. Proc. Roy. Soc. Viet. 

53 (2), p.233 - 267, 1941. 

01.1.1111.10.110••••■•••••• 	 Differentiation of the dolerite of Tasmania. 

Journ. Geol., 50, p.581, 1942. 

____--_--- 	The petrology of the bauxites of Tasmania. 

Minerwgraphic Investigations, 0.5.I.R.O.,AUST., 1955 

(unpubl.) 

FAIRBRIDGE, R.W. g The geology of the country around Waddamana, Central 

Tasmania. Proc. Roy. Soc. Tas. p.111 - 149• 1949. 

GILL, E.D., 	Range in time of the Australian Tertiary flora. 

AMA. Journ. Sc., 15 (2) ,p.47 —491 1952. 

---__-- 	The Australian "Arid Period". Aust.journ.Sci. 17 (6) 

p.204 - 206, 1955. 

• 	Radiocarbon dates for Australian archaeological and 

geological samples. Ibid. 18 (2), p.49 - 52, 1955. 

------- and BALKS, LR. , Cainozoic History of Mowbray Swamp and 

other areas of North-Western Tasmania. Rec. Queen 

Victoria Mug., New Sates No.6., 1956. 

GRIM R .E. 	Application of Mineralogy to soil mechanics. Int. Con.f .  

Soil Mech. ond Found. Eng., Second, Proc., v.3 1950. 

HANLON, F.N. 	Laterite. Paper precented to A.N.Z.A.A.S., Brisbane, 

1951. (unpubl). 

HILLS, B.S., 	The lunette - a new land form of aeolian origin. 

Aust. Gift., 3 (7) P.151 1940. 

HOVE, E., 	Landslides in the San Juan Mountains, Colorado. 

U.S. G.S . Prof. Paper 67. 1940. 

ilhavINGS, 1.13. , 	Geology of Portion of the Middle Derwent Area, Tasmania. 

Proc . Roy. Soo Tas. v.89, 1955.   

JOHNSON , W.D. 	The profile of maturity of alpine glacial erosion. 

Jour. Geol., v.12, p.569 - 578, 1904. 

KESSELI J.E. 9 	Disintegrating soil slips of the coast ranges of central 

California. Jour. Geol., v.51, p.342 - 3521 1943. 

KOONS , D., 	Cliff retreat in the south-west United States. A.J.S., 



RETIG-ZEG C2N7INUED. 

v.255, P.44- 52,-1955. 

LADD, G. 'J., 	Lvndelides, subsidences aid roft-fLals. A.R.D.A., 

Proc., v.36, p.1091 - 1162, 1935. 

2ATTIES, 	Geologic history *f the Yosemite Valle. 

Prof. Poper 160, 1930. 

Nyn,P.n., and BLATS,F., The geology and mineral deposits ofaamania. 

Geol. tlurv. was., Mull .44, 1938. 

PR2SCITT, J.A., 	The soils of Australia in relation to vegetation and 

climate. C.3.I.R.0. (bust). Bul1.52, p.16 20, 1931. 

Parm, 	Geology of the country around Tarralcah, Tasmania. 

Proc. Roy. Soc. Tao., p.127 - 150, 1943. 

PU2N1, T.C., and SHARD, 1.2., Landslides and earth flows near Ventura, 

southern California, Oeog. Rev., v.30, 13.591.4001 1940. 

ROSENQU/ST, I., 	Considerations on the sensitivity of Norwegian quick- 

clays. Geotechnique, v.3, p.195 - 200, 1953. 

SHARP, 0.2.3., 	Landslides and related phenomena. 136P., N.Y., 

Columbia Univ. Press, 1938. 

3ICTLY20N, P.A., 	The Tertiary geology of Australia. Proc. !by. Ooc. Viet., 

51 (ri.n.) It.2. 297P, 1941. 

11.i741, and TIMMY, N.D., The sensitivity of clays. 

Geotechnique, v.5, 9.30 - 53, 1952. 

SIRIGG, n.c., 	The geology of the South rant Province, South Austrelia. 

Bull, Geol, SUM. S.A. 29.1952. 

f_72` -171'73 C.G. g BAL1T1111, J. G., and riosla r , J.S • , The soils of the 

Parishes of Longford, Cressy and Lawrence, County 

17estmor1and,Tasmcnia. 	Bull. 150, 1942. 

TPRIAG9I, 	Mechtmism of landslides. Aprlication of Geology 

to Engineering Practice, p.83 - 123, G.O.A. DerkeY 

volume, 1930. 

9  and ,77m, R•D., Soil mechanics in engineering practice. 

566 p., N.Y., John Uilej & Sons. 1948. 

WHITDROUSE,P.T., Some aspects of the distribution of laterites in 

Australia. Paper presented to  

Brisbane, 1951. (unpdbl.) 



GEOLOGY  OF TASMANIA 
	 J AC KEY 	 4686 

ONE INCN SERIES  -  UNIVERS/TY OF TASMANIA GEOLOGY DEPARTMENT 

742 

. 	_ 	. • . 
MIINIti , :r/N I 

Jen 

Qrt 

o 

_—:_—__ 

/ _,..-'1,—.  
/,-- ., 

i 
/i 

../ 	( 

0 
N 

t/ 

 

' 	
I 

11 	
1 	

i 

110  
\
  
,
 	

1  

i
 

o 

--1- 	
X 

	

/ 	1 

	

/ 	/ 
**.• 

\ 
X 
1 _..... 

,giott_ ki 
,— 

\ 
, 	

. 

, 

( 
i t 

,--- 

\.\\ 
\ 	 - 

\ 
aiL_ 

. 

Qra 3 	4 	
t

! 

11,1  
/

1  
, 

. 

Ora 

, _ 
_ 

• %.,„4 
\ 	, 

i 
/r--  

/ 

	

. 	• 
•:\ 

	

a im°) 	 • 

Pf " 	,-  ---____ 
. 

r 
\ 

1 --; \  1 
 \ 

Alai 

%,
' \ 

/- 

1 \ 
1 	) 

-- 

. 

Ora 

i 

i 	---- 

NW 
o 

Ort 

r"-• 

417
,1/4

,  

1 
i 

o 

Will \\ \ 
\ 

• 1.11 (-7  o 11 1 Or t 

/--T,  
e  - 
\ 

PI 	\ 
- 

\ 
e 

I riltidi pvi 
,,0,,,,rwominli  

irM  

6  iA 
MINIM ' ol 

t.  
 

    

Rk 	 Ric 

FAULT 

UNEAR —521, LE- 	
Z Zeltr5 

/ 	2 	 1 5.000 
	

/0.000 

Quaternary System 

oral ALLUVIUM 

I  art  I TALUS 

l ap  I MARSH DEPOSITS 

Jurassic System 

Id i I DOLERITE 

Triassic System 

I  Bk  I KNOCKLOPTY SANOSIONES AND SHALES 

Permlan System 
FERNTA  EE GROUP 

)'•••:1 WOODBRIDGE GROUP 

Pt 	L/PFEY GROUP 

gig  GOLDEN VALLEY GROUP 

tIOUNDARI ES 

550111,  

— 	PEANUT!. 

FAULT  BLOCK  TILT 
Compilation from Aerial Photographs. 

Trigonometric Station Control by 	 V  ENICULAR TRACK 

courtesy Forestry Dept.   TRACK 

Origin  of  co-ordinates 400,000 yds 

West and 1,800,000 yds South of 

True Origin of Zore 7. 

MAPPED AND COMPILED BY 

J  ELA AIWELLAR 	 /021 



E 

GEOLOGY OF JACKEYS CREEK AREA 
MAP SQUARE 4686 

L BIBLIOGRAPHY: 
CAREY, S. W., 1947 — Geology of the Launceston District. Rec. Queen Vic. Mus., Launceston, 

pp. 31-46. 
VOISEY, A. H., 1949. — Geology of the country around the Great Lake, Tasmania. Pop. Proc. 

Roy. Soc. Tas., 1948, pp. 95-103. 
	 , 1949 — Geology of the country between Arthurs Lakes and the Lake River. 

Pap. Proc. Roy. Soc. Tas., 1948, pp. 105-110. 
WELLS, A. T., 1954 — Geology of the Deloraine-Golden Valley area. Hons. .Thesis, Uni. of 

Tas. (Unpublished). 
McKELLAR, J. B. A., 1955 — Geology Report of the Great Lake North area Hydro-Electric 

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 

Triassic 

New Town 	Sandstone, Shales, Cool 
Tiers 	Siltstone, 	Shale 
Cluan 	Sandstone, 	Siltstone 
Ross 	 Massive Sandstones 
Jockey 	Shales 

DISCONFORMITY? 
Mudstones 

Blackwood 	Quartz Conglomerate 

435' 
385' 
425' 
630' 
140' 

20' 
2' 

Fern tree 	Drys Mudstone 350' 

{Eden 

Palmer. Sandstone 5' 
Springmount Mudstone 280' 
Risdon Sandstone 30' 

(Weston Bryozoan Mudstone 30' 
Woodbridge 	•Dabool Brachiopod Sandstone 40' 

Meander Mudstone 195' 
Permian Creekton Wormcast Sandstone 10' 

Liffey Woodside 
{ 

Sandstone 35' 
Kopanica Shale and Sandstone 15' 
Flattop 

(MacRae 
Sandstone 
Mudstone 

30' 
115' 

Billop Brachiopod Conglomerate 10' 
Golden Valley Brumby Fossiliferous Limestone, Marl 45' 

, Qua mby Mudstone 330' 
Stockers Tillitic • Conglomerate 310'-1- 

.3. LOCALITIES OF SPECIAL INTEREST: 
•Type locality of Jockey Formation; track 	4664E. 8657N. 
Weston Formation fossil 'locality; road-cut 	4683E. 8700N. 
Risdon exposures in Liffey Falls 	 4695E. 8649N. 
Triassic sequence Jockey 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 Map Square suggest 
centre in this vicinity. 

5. SCARP FORMATION: 
Stream erosion of a probable shear zone along Jockeys Creek has produced the 
of Quamby Bluff and Western Tiers. No appreciable fault movement VJOS 

formation of these scarps. 

intrusion 

opposing scarps 
involved in the 

a dolerite 
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TABLE: 
GROUP 	FORMAT ION 	ROCK TYPE 

Scree, Talus 
Alluvium 

Glacial deposits 
EROSION INTERVAL 

STRONG EPEIROGENY AND FAULTING 
PENEPLANATION AND UNCONFORMITY 

Jurassic Dolerite .1000'4- 
New Town 	Sandstone, Shales, Coal 435' 
Tiers 	Siltstone, 	Shale 385' 

Triassic Cluan 	Sandstone, 	Siltstone 425' 
Ross 	 Massive Sandstones 630' 
Jackey 	Shales 140' 

DISCONFORMITY? 
. 	Mudstones 20' i Eden 

Blockwood ' Quartz Conglomerate 2' 
' Ferntree 	Drys 	 Mudstone 350' 

Sandstone 5' 

"

Palmer 
Springmount Mudstone 280' 
Risdon 	Sandstone 30' 

(Weston 	. Bryozoan Mudstone 30' 
Woodbridge Dabool 	Brachiopod Sandstone 40' 

Meander 	Mudstone 195' 
Permian • Wormcast Sandstone 10' 

Liffey 

{

Creekton 
Woodside Sandstone 35' 
Kopanica 	Shale and Sandstone 15' 
Flattop 	Sandstone 30' 
MocRae 	Mudstone 115' 
Billop 	Brachiopod 	Conglomerate 10' 

Golden Valley 

{ 

Brumby 	Fossiliferous Limestone, Marl 45' 
Qua mby 	Mudstone 330' 
Stockers 	Tillitic 	Conglomerate 340'd- 

3. LOCALITIES OF SPECIAL INTEREST: 
Liffey Group exposures in Liffey Valley. 
Dolerite — sediment contact exposed 4757E. 8638N. 
Brumby fossil locality — on track 4743E. 8674N. 

4. DOLERITE INTRUSION CENTRE: 
Extensive talus deposits including large masses of dolerite in the region sigraun. dirig -E472 :  N868 
suggest the presence of a centre of intrusion of the dolerite. 

5. SCARP FORMATION: 
The original Fault Scarp of the Cluon Fault has been transformed by stream erosion of the fault- 
zone-  into the opposing fault-line scarps (Resequent and Obsequent) of Drys Bluff and Cluan Tier. 

Pap. Proc. 

2. STRATIGRAPHIC 
SYSTEM 

Recent 
to 

Pleistocene 

Hons. 

the Lake River. 

Thesis, Uni. of 

Hydro-Electric 
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2. STRATIGRAPH IC TABLE: 

	

SYSTEM 	 GROUP 	FORMATION 	ROCK TYPE 	 THICKNESS 
Recent 	 Scree, Talus 

	

to 	 Alluvium 
Glacial 	deposits 

EROSION INTERVAL 
• STRONG EPEIROGENY AND FAULTING 
PENEPLANATION AND UNCONFORMITY 

Dolerite 
New Town 	Sandstone, Shales, Cool 
Tiers 	Siltstone, 	Shale 
Cluon 	Sandstone, 	Siltstone 
Ross 	• 	Massive Sandstones 
Jockey 	Shales 

1000'+ 
435' 
385' 
425' , 
630'-
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 	. 	Dabool { Brachiopod Sandstone 40' 
Meander Mudstone 195' 
Creekton. Wormcast Sandstone 10' 

Liffey • 	Woodside 
{Koponica 

Sandstone 35' 
Shale and Sandstone 15' 

' 	Flattop Sandstone 30' 
MacRae Muds tone 115'  

i Billop Brachiopod Conglomerate 10' 
Golden Volley 	1 Brumby Fossiliferous Limestone, Marl 45' 

1 ,  Quamby Mudstone 330' 
Stockers Tillitic 	Conglomerate 340'+ 

Pleistocene 

Jurassic 

Triassic 

	1 

Permion 

. 

GEOLOGY OF 'MACRAE HILLS AREA 
MAP SQUARE 4886 

3. LOCALITIES OF SPECIAL INTEREST: 

Type Section of Brumby Formation; Steep Slope 4817E. 8618N. 
• Billop Formation 	fossil 	locality; 	Bench 	, 4825E. 8628N. 

"Sulphur Springs"; centre of open paddock 4837E. 8640N. 

4. SCARP RETREAT: 
The Tiers Fault 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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TABLE: 2. STRATIGRAPH IC 

ROCK TYPE 
	

THICKNESS SYSTEM 	 GROUP 	FORMATION 
Scree, Talus Recent 

Alluvium to 
Glacial deposits Pleistocene 

Jurassic 

EROSION INTERVAL 
STRONG EPEIROGENY AND FAULTING 

PENEPLANATION AND UNCONFORMITY 
Dolerite 1000'+ 

New Town 
Tiers 

Triassic 	 Gluon 
Ross 
Jockey 

Sandstone, Shales, Coal 
Siltstone, 	Shale 
Sandstone, 	Siltstone 
Massive Sandstones 
Shales 

435' 
385' 
425' 
630' 
140' 

DISCONFORMITY? 
Edon Mudstones 20' 
Blackwood 

f 
Quartz Conglomerate 2' 

Ferntree 	Drys Mudstone 350' 

-(

Palmer 
Springmount 

Sandstone 
Mudstone 

5' 
280' 

Risdon Sandstone 30' 
Weston Bryozoan Mudstone 30' 

Woodbridge 	{Dabool Brachiopod Sandstone 40' 
Meander Mudstone 195' 

Permian Creekton Wormcast Sandstone 10' 

Liffey Woodside Sandstone 35' 
Kopanico Shale and 	Sandstone 15' 
Flattop Sandstone 30' 
MacRae Mudstone 115' 
Billop Brachiopod Conglomerate 10' 

Golden Valley Brumby Fossiliferous Limestone, Marl 45' 
Quomby Mudstone 330' 
Stockers Tillitic 	Conglomerate 390'+ 

3. LOCALITIES OF SPECIAL INTEREST: 
Type. Locality Palmer sandstone; waterfall 4816E. 8519N. 
Type locality Kopanica Shales; waterfall 4803E. 8573N. 
Dabool 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 brood, 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 extensive .programme of diamond drilling by the Hydro-Electric Commission over the south-
western portion of this sheet is recorded in Commission files. 
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. 
2. STRATIGRAPH IC 
SYSTEM 

Recent 
to 

Pleistocene 

Jurassic 

Triassic 	1 
1 

DISCONFORMITY? • 

Permian • 

Ferntree 	.1 

Woodbridge 	' 

Liffe y  

Golden Volley 

Eden 
Blackwood 
Drys 

i Palmer 
Springmount 
Risdon 

(Weston 
Dabool 
Meander 
Creekton• 
Woodside 
Kopanico 
Flattop 
MacRae 
Billop 	. 
Brumby 
Quomby 
Stockers 

Mudstanes 
Quartz Conglomerate 
Mudstone 
Sandstone , 
Mudstone 
Sandstone 
Bryozoan Mudstone 
Brachiopod Sandstone 
Mudstone 
Wormcast Sandstone 
Sandstone 
Shale and Sandstone 
Sandstone 
Mudstone 
Brachiopod Conglomerate 
Fossiliferous Limestone., Marl 
Muds tone 
Tillitic 	Conglomerate 

20' 
2' 

350' 
5' 

280' 
30' 
30' 

' 40' 
195' 

10' 
35' 
15' 
30' 

115' 
10'. 
45' 

330' 
390'-1- 

3. LOCALITIES OF SPECIAL INTEREST: 
Type Locality of Weston Formation; Creek bed 	4785E.. 8597N. 
Outward hinging of dolerite cliff blocks 	 4791E. 8512N. _ 
Slip-circle collapse of dolerite cliff 	 4796E. 8512N. 
Joint-plane slipping of cliff blocks 	 4792E. 8535N. 

4. PLEISTOCENE GLACIATION: 	• 
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 moss along a line 
trending N.E. from the point 477E. 850N. North-west of this line the intruded rock is the Cluon 
formation while south-east of the line the intruded rock of the dolerite is the Newtown Formation. 

Commission 	report. 	(Unpublished). 
TABLE: 
GROUP 	FORMATION 	ROCK TYPE 	 THICKNESS 

Scree, Talus 
Alluvium 

Glacial 	deposits 
EROSION INTERVAL 

STRONG EPEIROGENY AND FAULTING 
PENEPLANATION AND UNCONFORMITY 

Dolerite 	 1000'-f- 
New Town Sandstone, Shales, Coal 

Siltstone, 	Shale 	 385' Tiers 
Sandstone, 	Siltstone 	

' 	435' 

Cluon  
Ross 

- 	
Massive Sandstones 
Shales 	

630' 
Jockey  

425' 

140' 


