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Introduction

The Ulverstone Engineering Geology Project was jointly
funded by the Tasmanian Government and the Ulverstone
Municipal Council. The study was undertaken as a special
project supervised by the then Division of Mines and Mineral
Resources over a period of eighteen weeks from the end of
August to the end of December 1990.

The objective of the project was to produce an engineering
geology map of the area, with an accompanying report, for
development planning purposes. The 1:10 000 scale map
(Urban Engineering Geology Series Map 3 — Engineering
Geology Ulverstone) and the three 1:25 000 scale maps were
publishedin 1991 but further work on the report was delayed
until 1994. This report, issued in 2014, is a compilation of the
material that was prepared for publication in 1994 but not
finalised at the time.

Study area

Ulverstone is located on the North West Coast of Tasmania
(fig. 1). The 40 km? project area forms a coastal strip
extending from the 146° 08’ longitude in the west to the River
Forth in the east. The 41°1 1’3 1" latitude marks the southern
limit of the area, with Bass Strait forming the northern
boundary.

The data presented in this report were derived as part of a
regional-scale study and as such should not be used for
site-specific design purposes. The data should serve to
provide an indication of the different types of material which
occur in the Ulverstone area and some of their properties,
and give basic information for areas where development is
being considered.

Terminology and standards

The procedures for soil descriptions and classifications
(weathering, soil and rock strengths) as compiled by Moon
(1980) are used in this report.

The soils are classified according to the Unified Soils
Classification system (fig. 7).

Use of the maps
The maps associated with this project include:

I. An engineering geology map (the main map for the
project) at a scale of 1:10 000.

2. A map of the geology of the area at 1:25 000 scale (fig. 2).

A map of the physiography of the area at 1:25 000 scale
(fig. 3).

4. Aslope class map at 1:25 000 scale (fig. 4) showing zones
of 0—10° and zones of greater than 10°.

The engineering geology map shows the distribution of
various soils and rocks with the legend describing their
properties and associated potential hazards. The survey only
deals with broad-scale features and soil properties on a
regional scale to provide general information. The map
should not be used to replace site-specific investigations for
particular projects.

The geological hazards associated with the various materials
shown on the maps should alert planners and designers of
projects of possible problems that should be investigated.
For example the engineering geology map shows old
landslide areas as well as recently active landslides. Old
landslide areas are marked as discrete zones, but it should
not be assumed that it is only these zones and the active
landslide areas where problems can occur. Around the
contour from these zones are often areas with similar or
greater slope angle and underlain by the same or similar
material. Such areas should also be treated with caution.
Alteration of drainage patterns, oversteepening of slopes by
excavation and removal of trees could also alter the current
apparent stability of these areas.

The slope classification map (fig. 4) will aid in determining
zones where investigations may be warranted.

The shear strength measurements (residual factors) show
that quite low values have been measured on some of the
soil types and development on slopes of greater than 10°
where these materials are present should be treated with
extreme caution. Occasionally soils on slopes of less than
10° may also require some investigation.

Investigation method

The study of the area was undertaken using established
procedures and techniques. These included collation and
interpretation of available data, aerial photograph
interpretation, mapping, drilling and laboratory soil testing.

Field mapping was undertaken on 1:5000 scale orthophoto
maps and data points were also plotted at this scale.
Information was later transferred to a 1:10 000 scale base
map provided by the Ulverstone Municipal Council, and the
final map was drawn from this base.

Grid references provided in this report were taken from the
1:5000 scale orthophoto maps which cover the area. All grid
references are AGD66 datum and are MGA co-ordinates in
Zone 55.

A total of 54 holes were drilled for sampling purposes and to
provide an indication of overburden thickness. Drilling was
undertaken using a trailer-mounted powered auger with a
maximum practical depth capability of seven metres.
Although this was beyond the expected depth of influence
for most development activities, the drill was used to gather
as much information as possible, especially within sloping
and landslide-affected areas.

The distribution of sampling (auger hole) sites was made
with two objectives:

O to obtain representative samples of the various types of
material in the area;

O to collect more data on sloping and landslide-affected
areas by adopting a closer spacing between sites selected
for drilling.

The achievement of these objectives was governed by site
accessibility and time constraints.

Disturbed samples were bagged for laboratory soil testing at
each auger hole site . Undisturbed samples were taken with
cylindrical, thin-wall steel tubes (63 mm diameter, 450 mm

Ulverstone )



‘DaJID Apn3s Jo uonp>07 ‘| a4n3i4

NIATT

Iy

Urban Engineering Geological Mapping Project



long) and square, thin-wall steel samplers (inside dimensions
70 x 70 mm, length 300 mm) pushed hydraulically into the
ground. The undisturbed samples were trimmed and sealed
at both ends and later extruded for laboratory soil testing.
The square steel samplers were used specifically to obtain
samples for the determination of shear strength parameters
using a shear box.

Soils were logged in the field for engineering classification,
moisture content and strength. In situ strength
determinations were made using a shear vane and pocket
penetrometer. An estimate of the degree of compactness in
cohesionless material was made by the relative rate of drilling
penetration.

The classifications used for various soil properties
determined in the field are presented in Figure 7. The auger
hole logs (data points | to 54) are presented in Appendix I.
Profiles on two existing cuttings and a trench (data points 55
to 57) were also logged in a similar manner to the auger holes.
These logs are also given in Appendix |.

In areas where the groundwater table was reached during
drilling, the water level was recorded and the specific
conductance of the water measured. Specific conductance
and water level measurements were also carried out in some
of the existing boreholes, a well and seepages.

Surface grab samples (data points 58 to 65) were also
collected (Appendix |). Laboratory test results on samples
from data points | to 65 are presented in Appendix 2.

Results of investigations previously undertaken by the then
Division of Mines and Mineral Resources, Department of
Main Roads and Ulverstone Municipal Council (data points 66
to 157) have been incorporated into this report and are
presented in Appendix 3. Water bore logs (data points 159 to
200) are presented in Appendix 5.

The locations of the data points (incorporating previous
work and those undertaken for this project) are shown on
the accompanying 1:10 000 scale engineering geology map of
Ulverstone.

Laboratory soil testing

Laboratory testing of soils was undertaken for classification
purposes, under the Unified Soil Classification System, and
for providing an indication of the adverse properties of
materials in the area with regard to some development
related activities.

Atotal of 104 samples was collected for testing and reference
purposes (Appendix 2). The location of the samples are given
in the logs (Appendix 1) and on the 1:10 000 scale engineering
geology map of Ulverstone. The samples took the form of
auger bit cuttings, thin-wall tube samples and surface grab
samples. Tests performed on the samples included moisture
content, liquid limit, plastic limit, linear shrinkage, soil particle
density, particle size distribution, dispersion (Emmerson class
number), bulk wet density, X-ray diffraction, and shear
strength parameters.

X-ray diffraction analyses for mineralogical composition
determination and shear strength parameters determination
(using a shear box) were conducted according to the
standard procedures of the Division of Mines and Mineral

Resources. Results of X-ray diffraction analyses are
presented in Appendix 4.

The remainder of the tests were carried out in accordance
with AS1289 (SAA, 1977) using the following standard
procedures:

O ASI1289 BI.I: Determination of the moisture content of
a soil — oven drying method (standard method);

O ASI1289 CI.I: Determination of the liquid limit of soil —
oven drying method (standard method);

O AS1289 C2.1: Determination of the plastic limit of a soil;
O AS1289 C3.1: Calculation of the plasticity index of a soil;

O ASI1289 CA4.1: Determination of the linear shrinkage of a
soil;

O ASI1289 C5.1: Determination of the soil particle density
of a soil;

O ASI1289 Cé.1: Determination of the particle size
distribution of a soil — standard method of analysis by
sieving;

O ASI289 C8.1: Determination of the Emmerson class
number of a soil;

O ASI1289 E3.3: Determination of the field dry density of
soil — core cutter method for fine-grained soils
(modified using thin wall sample tube).

These tests were selected as they were considered to be
the most relevant for engineering classification purposes
and some of the parameters determined from the tests
could be used to derive or infer other properties. Brief
descriptions of the tests with some implications are given
below.

Moisture Content (MC)

This is the ratio of the weight of water to the dry weight of
the soil. The moisture content of a soil can vary for
considerable depths below the surface as a result of
seasonal changes (often |-2 metres and sometimes
greater). Below this zone the moisture content remains
relatively constant. The behaviour of a soil (whether it
behaves as a solid, a plastic or a liquid) is largely dependent
on its moisture (or water) content. Changes in moisture
content are particularly relevant in areas of reactive
(expansive) soil.

Liquid Limit (LL)

The liquid limit is defined as the moisture content at which
the soil just starts to become fluid under a series of standard
shocks (Bureau of Reclamation, 1974). The property is
measured using a liquid limit machine and the moisture
content at which 25 blows of the machine closes a standard
groove cut in the soil pat is arbitrarily defined as the liquid
limit.

The Liquid Limit is used with the plasticity index to classify
cohesive soils according to degree of plasticity.

Plastic Limit (PL)

This is the moisture content at which the soil ceases to be
plastic. It is determined by measuring the moisture content
at which a thread of soil rolled to a diameter of 3 mm will
just crumble.
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Plasticity Index (PI)

The plasticity index is the difference between liquid limit and
plastic limit. Chen (1975) has established the relationship
between the swelling potential of clays and plasticity index.

Table |

Relationship between the swelling potential
of clays and plasticity index

Swelling Potential Plasticity Index

Low 0-15
Medium 10-35

High 20-55

Very High 55 and above

Linear Shrinkage (LS)

This is the decrease in length expressed as a percentage of the
original length when a sample of soil is oven dried from a
moisture content of about the liquid limit (AS1726;
SAA:1975).

The linear shrinkage is generally used as an indication of the
swell potential of a soil.

Soil Particle Density (SPD)

This parameter is defined as the mass of soil particles after
drying to constant mass per unit volume of dry material
excluding voids.

Particle Size Distribution (PSD)
This test is used for classification purposes and to give an
indication of the origin of soils.

Emmerson Class Number

This test gives an indication of the dispersive potential of a soil
which is determined by classifying the reaction of soil crumbs
in water. Itis an importantindicator of the erodibility of a soil.

Bulk Density

Bulk density is defined as the weight of the material per unit
volume. The determination of the parameter was made to
provide an indication of values, as this is one of the factors
used in slope stability analysis.

Physiography

The area is dissected by the valleys of the Leven, Gawler and
Forth rivers, Masons and Buttons creeks, and Clayton
Rivulet. The rivers have well developed alluvial flats towards
their mouths whilst the creeks have narrow, discontinuous
alluvial flats along their lengths.

The drainage systems are basically dendritic, with local
drainage densities being much greater within areas underlain
by Cambrian and Precambrian basement rocks compared to
areas underlain by Tertiary basalt. Relatively higher
infiltration rates within the basalt areas, compared to areas
underlain by basement rocks, would explain the difference in
drainage densities. The presence of springs within basalt areas
is evidence of higher infiltration and storage capabilities.

The major drainage systems occur within basement rocks.
This suggests that basalt flows caused lateral displacement of
the drainage systems resulting in the formation of

post-basaltic drainage along the contacts of basalt and
basement rocks. The presence of sub-basaltic sediments
(sand and gravel) on ridges between the present drainage
valleys is evidence of lateral displacement of drainage
systems.

The sub-basaltic sediments represent deposits of major
pre-basaltic drainage systems.

The area can be divided into three main physiographic units
(fig. 3):

O coastal and alluvial plains;

O coastal escarpment and steep slopes;

O higher flat to gently sloping surface.

These units correspond to Burns’ (1964) coastal marine
platform; coastal escarpment and dissected surfaces; and
lower coastal surface respectively.

Coastal and alluvial surface

Although these two landforms have different characteristics
with respect to material composition and topographic
location, they have been combined into one unit in this
study. The two surfaces merge where the rivers enter the
coastal plain and the boundary between the two is often
difficult to determine. Similarities between the landforms
include low-lying flat to gently sloping surfaces and the
occasional presence of swampy areas. The unit includes
recent beach deposits.

The Forth and Leven rivers have well developed alluvial
plains. Burns (1964) recognised the presence of an older
alluvial surface at a higher elevation than the present system
and indicated that this older surface corresponds well with a
higher strand line representing the limit of inland coastline
migration. The surfaces (higher alluvial surfaces and
strandline) are easily identifiable on old aerial photographs
of the area.

In the study area, alluvial plain development by the creeks is
limited to narrow discontinuous stretches along their
lengths.

The coastal plain is a major landform in the area and
represents a former marine platform exposed as a result of
a relative fall in sea level and the northward migration of the
coastline. Burns (1964) suggests that the relative fall in sea
level probably occurred during the Pleistocene.

The present beach is more of a depositional site fed by
sediments from the Leven and Forth rivers. The beach
profiles are gently sloping, with wide intertidal flats
indicating low energy environments. The presence of berms
containing coarse gravel to medium-sized boulders
indicates occasional high energy environments resulting
from storm activity.

The coastal plain is continuous from east to west but
narrows towards the western limit of the study area. The
inland limit of the coastal plain generally approximates the
25 m contour. Except for parts of the eastern portion,
which is still used for grazing, the coastal plain is being
gradually covered by urban development. The Ulverstone
urban area is centred along the banks of the River Leven.
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Coastal escarpment and steep slopes

These two landforms are combined into one unit because of
similarities in slopes and topographic locations.

The coastal escarpment is an area of steep landform which is
continuous along the inland fringe of the coastal plain,
interrupted only by the valleys of the major drainage systems.
The other areas of steep slopes occur along valley sides.

The steepness of slopes within these landforms generally
reflect the composition and weathering susceptibilities of the
underlying basalt and basement rocks, or the degree of
compactness for sub-basaltic sediments, which are generally
loosely compacted. The steepest slopes occur in areas
underlain by basement rocks, while areas underlain by
sub-basaltic sediments (sand and gravel) have the lowest
slope angles.

The basalt is more susceptible to weathering and it is rare to
find anything other than highly weathered exposures along
slopes, these areas being composed mainly of transported
soils. As these soils are relatively low-strength materials they
cannot support very steep slopes, resulting in lower slope
angles compared to areas underlain by basement rocks.
Sloping areas underlain by these rocks have thinner
overburden and more rock exposure, resulting in relatively
steeper slopes.

Urban development within the coastal escarpment and steep
slopes unit is limited to areas of more gentle slopes, with
grazing being the dominant land use. The steepening of slopes
due to mass movements (landslide and soil creep) has
occurred and continues to occur in a few sites.

Higher flat to gently sloping surface

This surface is composed mainly of basalt except for small
areas in the west and to the south which are underlain by
basement rocks and sub-basaltic sediments respectively.

The thickest development of overburden as a result of
weathering occurs within this unit and this surface is
extensively cultivated, except for areas on the fringe of the
urban centre which have accommodated urban sprawl.

Burns (1964) suggested that the surface is erosional, probably
developed during the Pliocene.

General geology

The following summary of the geology of the Ulverstone area
is based on Burns (1964) and work undertaken during this
project.

The basement rocks consist of folded and regionally
metamorphosed Precambrian and Cambrian rocks. Sand and
gravel of Tertiary age overlie the basement in some areas.
Tertiary basalt flows and intra-basaltic sediments overlie the
above units. Rocks between the Cambrian and Tertiary are
not exposed in the area. Unconsolidated Quaternary
sediments cover the alluvial and coastal plains and colluvium
occurs on some of the slopes.

The geology of the area is shown in Figure 2.

Precambrian

Burns (1964) subdivided the Precambrian into two divisions
on the basis of structure and degree of metamorphism. The
Forth Metamorphics and Ulverstone Metamorphics belong
to the ‘Lower Division’ and the Rocky Cape Group to the
‘Upper Division’, with the boundary between the divisions
being a thrust fault. The Rocky Cape Group occurs west of
the thrust with the metamorphic assemblages occurring to
the east of the thrust.

The Forth Metamorphics underlie the Ulverstone
Metamorphics. The Forth Metamorphics consist of schist
and quartzite, with outcrop occurring along and east of
Buttons Creek. The Ulverstone Metamorphics consist of
quartzite with interlayered schist and subordinate
conglomerate. The boundary between the two
metamorphic units is defined by the first appearance of
garnet in the schist and the last appearance of conglomerate
in the Ulverstone Metamorphics.

The Rocky Cape Group is composed of alternations of
mudstone and sandstone.

Cambrian

The Cambrian is represented by mudstone, volcanic rocks
and serpentinite, with these rocks unconformably overlying
the Precambrian. Serpentinite occurs at Clayton Rivulet
within the Forth Metamorphics. Outcrops of the mudstone
and volcanic rocks occur at Cateena Point and on the Bass
Highway immediately west of the River Leven.

Tertiary

The Tertiary is represented by sub-basaltic sediments,
basalt flows and intra-basaltic sediments.

The sub-basaltic sediments consist of quartz-rich sand and
gravel, with silcrete occurring in some areas. The sediments
represent pre-basaltic fluvial deposits. The main areas of
outcrop are along parts of the River Leven bank (near the
town centre), on the ridge between Buttons Creek and
Clayton Rivulet, and along the northern parts of the ridge
east of Clayton Rivulet.

The basalt flows occur mainly as ridges between the major
drainage systems. Textures vary from fine grained to
amygdaloidal. The unit is at least 85 m thick (see Appendix 6
— data point |58 for borehole log) and palynology work by
Mineral Resources Tasmania indicates a middle Eocene age
(Appendix 7).

The intra-basaltic sediments consist mainly of clay and sand
with minor gravel of basement and basalt composition. The
sediments are lenticular in form and their presence
indicates that the basalt unit is composed of several flows.
The thickest layer of intra-basaltic sediments found is about
three metres.

Quaternary

The Quaternary is represented by alluvium on floodplains,
by estuarine, beach, dune and glacial deposits on the coastal
plains, and by slope deposits.

The alluvium deposits consist principally of clay and silt with
minor sand. The sediments on the coastal plains are
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composed dominantly of sand, with a low but variable
proportion of clay and gravel.

The glacial sediments consist of mainly quartzite gravel and
cobbles and occur in a thin coastal strip extending from just
east of The Fish Pond to the River Forth. Work by Colhoun
(1976) indicated that the lower Forth Valley was glaciated
during the Late Quaternary and that ice crossed the present
coastline of Bass Strait.

Slope deposits resulting from mass movement mantle most of
the valley sides, especially below basalt ridges. The deposits
consist mainly of clay and rock fragments in a clay matrix.

Soil descriptions and characteristics

In the following discussions, the soil characteristics presented
for a particular unit are taken from the auger hole logs
(Appendix I). In these logs, bedrock is defined as beginning
where relict rock textures are preserved irrespective of
strength properties. The auger hole data points are shown on
the accompanying engineering geology map.

Results of the X-ray diffraction determinations are provided
in Appendix 4.

Basement (Precambrian—-Cambrian)

Soils derived from the in situ weathering of Precambrian and
Cambrian rocks have been included into one unit because of
similarities in characteristics and depth of soil development.

Most basement rocks encountered in auger holes were
extremely to highly weathered and outcrops are generally
highly weathered. The basement rocks have very low to low
strengths when extremely weathered to highly weathered.

Rock strength in the basement unit is controlled by the rock
type and the orientation of discontinuities. Low rock
strengths would be expected if measurements were
undertaken in the same direction as discontinuities, while
higher strengths would be measured perpendicular to
discontinuities. Quartzite and conglomerate would have
higher strengths than schist and mudstone.

Soil development within the unit is relatively thin, and no soils
thicker than one metre were encountered during drilling.
The thickness of completely weathered material within some
rock types can vary by up to about three metres (see data
points 24 and 40).

The soil developed on these rocks consists of medium to high
plasticity clay with some gravel (rock fragments). The major
mineral constituents are kaolinite, illite, quartz and mica,
except in soils developed on serpentinite where
montmorillonite and serpentine are the major mineral
components.

The presence of illite and montmorillonite, and plasticity
index values of between |7 and 78, indicate medium to very
high swelling potential (see table ). The wide range in values
reflects different parent rock material and indicates the need
for site-specific investigations where development is to be
undertaken.

The dispersion potential for clay in the unit is generally low.
Anomalous areas of high dispersion potential occur (e.g. data
point 40), indicating different parent material for the soils

developed. Identification of a sample from data point 40
(4.5 m depth) by MRT mineralogist/petrologist R. Bottrill
showed that the material was an ultrabasic schist.

No landslides have been mapped within the unit, indicating
low susceptibility to mass movement. However slope failure
will occur if current regimes are altered with a resulting
increase in moisture conditions and slope angles.

Excavations through rocks types in the unit are reasonably
stable as shown by some road cuttings along the Bass
Highway.

Sub-basaltic sediments (Tertiary)

These sediments were derived from the underlying
basement rocks and are similar to basement in composition.
The main mineral constituents are quartz, kaolinite and
montmorillonite.

The sediments consist of quartz-rich sand and gravel,
silcrete and clay, with exposed areas mainly composed of
sand and gravel. The silcrete is extremely hard and has only
been located in isolated spots near the junction of River
Road and Hall Street at West Ulverstone and on the slopes
behind this junction.

The sand deposits are generally loose but in some areas are
weakly cemented. Clays are of high plasticity with high swell
and dispersion potential.

Landslides have not been mapped in the unit, although the
toes of some landslides on the lower parts of the
escarpment are believed to involve sub-basaltic sediments.
The absence of landslides wholly formed within the unit is
probably due to its occurrence on land with a low slope
angle and limited exposures of the dominantly clay material.
Shear strength measurements of a clay sample from the unit
provided values of ¢’. = 2 and ¢’, = 8. Excavations within the
clay layers of this unit should be undertaken with care, as
instability may be created by the formation of steep high
cuts.

Basalt and intra-basaltic sediments
(Tertiary)

Thick weathering profiles occur in the basalt, with areas
covered by this unit being used extensively for farming.
Where outcrop occurs the rocks are mainly extremely to
highly weathered, with fresh to slightly weathered basalt
being found only on the tops of some ridges and where the
rock has been exposed by excavations. In its extremely
weathered state the basalt has extremely low to very low
strength.

Soils developed on the basalt consist of red-brown to
orange-brown high plasticity clay. The main constituents of
the soils are montmorillonite, halloysite and goethite,
except in two samples (| | — data point 6 and 82 — data point
44) where anomalous values of quartz were detected. The
relatively high quartz content in these samples may indicate
the presence of thin layers of intra-basaltic sediments.

Laboratory soil testing indicates that the basalt soils have a
high swelling potential, with plasticity indices greater than
40. The soils have low dispersion potential, with Emmerson
class numbers of 5 and 6. The consistency of the soils vary
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from soft to very stiff, with consistency generally increasing
towards the soil-rock boundary.

The intra-basaltic sediments consist mainly of clay and sand,
with minor gravel composed of basalt and basement material.
In some exposures the sand is weakly cemented. The clay and
sandy clay are generally red-brown with grey mottling. Soft to
firm consistency is common for the clay layers, with the
sandy clay material being firm to stiff. The main mineral
constituents are montmorillonite, halloysite and quartz.

When exposed the clay and sandy clay sediments generally
develop a dry cracked crust (up to 150 mm deep), under
which high moisture conditions exist. Gullies up to one metre
deep have developed in some exposures.

Field observations and laboratory soil testing indicate that the
clay zones in the intra-basaltic sediments have high
shrink-swell and dispersion potential.

Ancient landslides occur on slopes composed of basalt and
intra-basaltic material. Areas within the unit where slope
angles are greater than 10° and where high moisture
conditions (seepages, soggy/swampy ground, green
vegetation) exist are likely to be highly susceptible to
instability. The locations of areas subject to landslides are
shown on the |:10 000 scale engineering geology map of
Ulverstone.

Quaternary

Slope deposits

These deposits contain clay and gravel (rock fragments)
derived from basement rocks, basalt and Tertiary sediments
(both sub-basalt and intra-basaltic) in a clay matrix. The clays
are mainly light to dark brown in colour and in some cases
contain light grey and/or orange mottling. The mottled clay
was mainly encountered in auger holes within landslides and
probably represents zones of lower permeability.

A shallow or perched water table is common in landslides
within the unit. Water conductivity values of between
[ 10—140 pS/cm were recorded from auger holes where the
water table was reached.

The main soil types developed on the unit are high plasticity
clays and gravel (rock fragments) in a high plasticity clay
matrix. Laboratory measurement of soil properties gave a
wide range of results for the unit, reflecting the range of
parent material from which the soils were derived. The major
mineral constituents of the soils are montmorillonite,
halloysite and quartz.

Soils derived from basalt and Tertiary sediments have higher
plasticity indices, indicating high shrink-swell potential,
compared to soils derived from basement rocks. Differences
also occur with dispersion potential. Soils derived from basalt
and basement rocks have low dispersion potential, whilst
those derived from the Tertiary sediments (sub-basaltic and
intra-basaltic clay) have very high dispersion potential.

The unit has high shrink-swell and dispersion potential and for
planning purposes, the worst characteristics should be
adopted unless site-specific investigations are undertaken.

Ancient and active landslides occur on slopes within the unit.
Their locations are shown on thel:10 000 scale engineering

geology map of Ulverstone. It should be noted that the
landslide at Frombergs (near Westella, grid reference
433500 mE 5442700 mN) is still active although it is not
shown as such on the map.

Sloping areas within the unit are highly susceptible to
landslides and a large number of unstable areas have been
mapped in the unit. Care should be exercised if
development is undertaken in areas of slope deposits, as
new landslides can be created and ancient ones re-activated
by changes that will cause an increase in moisture
conditions, steepening of slope, and loading of tops of
slopes.

Alluvium

Deposits of alluvium occur adjacent to creeks and rivers.
These deposits consist of unconsolidated sediments ranging
from clay to gravel in grain size, reflecting the varying
conditions of depositional environments. Gravel is more
common adjacent to the upper reaches of the rivers and
creeks while the finer-grained sediments predominate
downstream.

A particle distribution chart of two non-cohesive sediments
is given in Figure 5. This chart indicates the presence of well
graded sands (SW) and sand’silt (SM) or sand/clay (SC)
mixtures.

The cohesive sediments tested consisted of high plasticity
clay and silt (CH, MH) with medium to very high swelling
potential The major mineral constituents of the soils are
halloysite, quartz montmorillonite and goethite. Of the four
samples tested, three had low dispersion potential while the
fourth showed high dispersion.

Shallow water table levels were encountered in the auger
holes drilled on the alluvial plains. Depths to the water levels
ranged from 0.5-5.92 m, with water conductivity being
generally less than 500 pS/cm.

Refusal depths also varied and suggest the presence of an
uneven bedrock surface and coarse gravel layers.

Coastal plain deposits

The coastal plain is covered by mixtures of unconsolidated
clay, silt, sand and gravel, with sand being the dominant grain
size. The sand is generally poorly graded (SP) as a result of
wave and/or wind sorting. The particle size distribution

graphs for four sand samples are presented in Figures 5 and
6.

Clay was the major constituent in the samples of cohesive
material collected. Laboratory soil testing indicated the
presence of low to high plasticity clay types (CL, CH) with
medium to high swelling potential. Dispersion potential for
the cohesive soils is low to high. Quartz, montmorillonite,
halloysite and kaolinite are the major mineral components
of the soils.

Refusal depths in the coastal plain varied from 1.3 m to
greater than seven metres. This indicates the presence of
gravel layers and variable bedrock levels. Material sizes
greater than coarse gravel would have halted auger
penetration.

The variable bedrock levels are probably due to the
presence of buried channels. These channels would have
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been infilled during the last post-glacial sea level rise. The
greatest thickness of sediments would occur in areas of
buried channels and adjacent to existing channels.

The water table level on the coastal plain is shallow and
generally occurs within two metres of the ground surface.
Water conductivities of less than 1000 puS/cm were recorded
from the auger holes drilled on the coastal plain.

Geological hazards

Shrink-swell and dispersion potential

The shrink-swell and dispersion potential of the soils in the
area has been discussed in the section on soil description and
characteristics.

In general, basalt soils, cohesive layers in the Tertiary
sediments (sub and intra-basalts), some soils developed on
the slope deposits, and alluvial clay and silt are highly
susceptible to seasonal shrink-swell. Soils with high
dispersion potential include cohesive material within the
Tertiary sediments, some soils developed on the slope
deposits, and some alluvial clay and silt. These materials must
be regarded as being particularly erodible when compared to
some of the other soil types (e.g. basalt).

Landslides

Sloping areas underlain by basalt with slope angles greater
than 10°, and slopes composed of colluvium (slope deposits),
are most susceptible to landslides. Risks within the other
units can be increased by development methods which result
in the steepening of slopes, loading of the tops of slopes, and
the increase in moisture conditions.

Buried channels

The variable depth to bedrock in the alluvial and coastal plain
areas suggests the presence of buried channels. These
channels would have been filled during the last post-glacial sea
level rise.

The locations of the channels and the nature of infill material
should be investigated in areas where developments are
proposed. Channel infill can contain material susceptible to
settlement and depths to bedrock will be greater in areas of
buried channels and near existing channels.

Faults

Geological faults occur in the Ulverstone area; their locations
are shown on thel:10 000 scale engineering geology map of
Ulverstone. The degree of fracturing and weathering is
expected to be greater and bedrock strengths lower along
the faults relative to the surrounding area. There is no
evidence to suggest recent movement along the faults.

Earthquakes

Tasmania, as with the rest of Australia, is in a low earthquake
risk area compared to the major earthquake belts in the
world. Ulverstone is located within the Western Tasmanian
earthquake source zone of Michael-Leiba and Gaull (1989).
This area has a 10% probability that peak ground motion will
not exceed 0.55 m/s2 during a 50 year period. Gaull et al.

(1990) consider areas of greatest risk to be those where
peak ground acceleration of 1.0 m/s2 or greater will be
exceeded with 10% probability in a 50 year period.

Since European settlement the larger earthquakes that have
been felt have been centred off the far northwest coast of
Tasmania.

Floods

Damage due to inundation, silting and undermining of the
foundations of structures by strong currents created during
floods are the main hazards related to flooding.
Development of flood-prone areas should always be
undertaken with these factors in mind.

Coastal processes

For proper coastal management, a study of coastal
processes occurring in the area, and the expected effects of
proposed structures or developments on these processes,
should be considered. Interference to the natural coastal
processes can lead to the erosion or silting of prime areas.
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ULVERSTONE PHYSIOGRAPHY

Contour interval 10 metres

: Coastal and aliuvial plains.

1.
n Tidal rocks or ledge.

[:I Coastal escarpment and areas of steep slopes.

E Area subject to fooding.

m Swamp/wet area.

Figure 3
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Figure 5
Particle size distribution chart of a coastal plain sample and two alluvial plain samples.
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APPENDIX |
Logs for data points | to 65

Geological symbols for logs

F Fill

A Topsoil

Qa Alluvium

Qm Coastal plain deposits

Sd Slope deposit (transported soils)

Tbw Residual soil — basalt parent rock

Tsi Intra-basaltic sediments

Tbr Basalt bedrock

Ts Sub-basaltic sediments

Cw Residual soil — Cambrian parent rock
Cr Cambrian bedrock

PEw Residual soil — Precambrian parent rock
PEr Precambrian bedrock

r includes extremely weathered material (original rock fabric preserved)

Data point numbers:

| to 54 auger holes

55 trench

56 and 57  existing excavations

58 to 65 surface grab sample sites
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GIOLDAICAL $YMAOL

(see fext)

e ¢ Mnera! Cmﬁosa'ﬁb? debermined’ by XKRD

ENGINEEHING GEOLOGY
SCLCTION

fafe .

frete 9o
orown t £ WhipRy

Approved .. ...

he L M 1O 9O
Fimsped. LR T Shaet. . !
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PROJECT, VEVERSTONE  ENGINEERING GEOLOBY | | i
FEATURE AUGEC 08I o icssvisisisisesisssiesisassessirms st et st A S
LocaTion. Beside creek crossing ~side foadl fo Mc Kemnas homesfead’: €. Ulerstone. .

CASING/HOLE COMPLETION e ettt b pob e as a8 b LSS b LS

BOREHOLE LOG

OATA PonT NO 15

EYBTEM

INATES

N

REDUCED|CQ-0ORD

L~V

 ctarke drown (organics); some fine
sand (rock Fragments).

=

| DATUM
et VO SUPPOTE USCA .o | D 3 o
i OF hole 1 2:9m (TSl D, o 7| QIOUNO | 25 B |
wapieratas
= FfiD TESTS LABDRATOAT  THEIS
é’ § g d TR Micharical | inder Toety o | Shear
g 8 & « g 55»----). fs |~ LLLU L. \Dwn\? 32| R | Slrensth e
=~ opng - o
o 1f R R I I | Y R P A Iy e
& S H == &l 5| S
% CEDLOGICAL  DESCRIPTION 3 = | ok §£5. %: | P R R INEE vl P
El w =
E| ¥ : AR SENEHEE N d M E:
8 soil type:  plasticity or parlicla choracloristics. | 3 I R B ) I - R I B I RS R I AR ] g vl 5 AR
) N I * ;
B colour, sacondary and minor components, = 1 R v:?_’ a J 188 ES| ¢y 3 Slala o §18 g & ‘S \G el 2
it X metres X
3 CLA V} medram fo lu;gh p/as/.r-cﬂf’{, 1

! 3 sane a8 abo_"‘e it grey— 36* a|25 Ea” M 253 1058/ |2/ 5| 4|/ ls2 N
R orange mo#ﬁ@. 110 5 L) ]
/ ] -4
f ] -
- - — - —o PL
/| 8 I- - G CH %08 1
4 ¢ p colar change ro bive-greg 90126270 s
// ] with erange moting. Qa 5¢
/ X AR R SO
1 ! ] Sandy CLAY . mediom do high i
I L J plasticity,olive green; some 27 )
/] ] A grovel; sand-mediom 10
( 1 coarse ; qaariz, rock fragments. LL

o di b s e b s byl aaal

P N

NS R T RS N

End of hole 1 2:9m (refusal)

i||l(
MRS SIS AT AT ATET IR AP O UF ST ST ATETIT S STUN IUN O SN A T A A AVEN A SN ST U I S U MR I A I

Remasthy

crivty

MLTHGD OF ADVAKCING HDLT

AS :aquger screwmg (o': 00mm).

EXPLANATION
NMC : Metural Mersture
Content.
Bwb: Bulk Wet Density.

gep f.S‘oj//%n"/&/e Den.s‘f';j( ]
*  Mineral compositiin détermped by XRD

#2090

v

Water feve! on
dafe shown

GIDLOGICAL SYMAOL

(see rext)

ENGINECHING GEOLOGY
SECTION

Starred,

Dr."ﬂer_j‘,g,'. C'ax

Fipe L 1010290 .

togged ; £ WhIpPY.

|| Prawa i 20 TR0

Approved

Sheer. . l
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BOREHOLE LOG

PROJECT .., YLV ERSTONE ENGINEERING GEOLOGY. o eesoreeessssees e

FEATURE . _“Tuger hole

LOCATION5""!’”“’*‘“‘”’”“‘e/’"WJ#”’“”d's"“”i‘?""""ﬁf

CASINGIHOLE COMPLETION L it bos s ot es s an s e 280 50 s

Vo _sapport ases

i £00.0F B0l ;. 2801 CeGUIed, GPH) .o

DATA POINT po 16

BYSTEM

L |43
n |Seu217S

vatum |AHO(asmania)

INATES

LEVEL

COLLAR ..o oiiiinninianens

GROUND | s
ANNEAGL) &7m J

REDUCED|CO-QRD

FiELD THArS

LABORATDRY  TEITS

T
E § § ¥ Vet |~
= Sy « b Shaw | o
g |4 3 by S [swngih| X,
El § 8 20 N YES
| g (3 Slel¥| 2] =
g & CIOLDGICAL DESCRIPTION 3 ToEfe|S] Bl
Bl s NN HEE
a - n Bol 2=
§ soil ype:  plaslicily or pasticln charorteristics. E % < é Y o ¢ aB|eE
I colow, sacandary and minar components. o b h 5 :r-] W I5E|EE
111 x mefres L

Hihorical [ tndes Torn Shear
Anslprar FO R

%

EIRIEILY

(gfen”)
(grem®;

Gravel

Liguid Linif
Diasficity lndex %
Linear Shrinkege
Free Swell
water

¥
%

Emersom Clazs N2
el @A) P
(ceg)

82y

BHS
Clay
Sitf

Sithy CLAY s high plashieity, flack; Frace fsand. <PL

p Y
N

——]
1

3
3

| cLAY, mecham to high plasticify,
b olire green; some Ffue fo mediumn 33* CH
sand -

#
B

N Y
o R, O W

v

—
—~

BASALT: extremedly fo huhly st

AS )
wear‘ﬁereo’) very oW sfrengrh, fight o

browa.
Remoultts (in parfs) 7o sandy and T
gravelly CLAY; high phasticity. T

-

colbur change o dark brown

L W W L .

™" Nk, L. )
N

TS RN S s

a3

2.3/ 29| 98|24 i 46

ary

S INITITEES 35 SN AN AN 0 ST I B A

£ndlof hole : 2-Bm (requred depth)-

I N S S N ST RN I AE B ETEY A A A S AN I B A A

s Leap v Vb tg s

1.

T

N SN T N S

sa vt st gl e Ly sl

Remssby

MITHOD Of ADVAHCING HOLE EXPLANATION GIOLDGICAL SYMAOL
AS : awger screwing (O 10mm). WML : Natural Morstare (see rext)

ENGINEERING GEQLOGY
SLCTION

Content.
BWD . Bulk Wef Dea,s},_fy.
SPD : Soil Fartrele

Densi{g .

\otane ;. Troefns | brawns £ WhiERY

toggect i - WHIPPY

Srarred ;. 1240 90 Approved .

izt %o ..

Frvshed !, | Sheet. . " R A j

A 1 Mueral compositen chlepmined by XRD
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BOREHOLE LOG farh oz 0. 12
PROJECT. DAVERETONE ENGINEERING GE0LOGY o AMG
: B LI GBI s ST R Qo averens | AME
EENTUBE.. AGULIOE . spsimiommtimmminsmmeiin st anin et ey B | 430918
Stopes between Hazelweooo's MY . ' &3 L .&#2ePia
LOCATION . Sgres befween fHazelwoods Ml and! Bass H@Awag ..o | O T W | g 2098
CASING/HOLE COMPLETION et s b e %J baTuM |AHO Casmania)
w
L ga. COLLAR oo,
| nnounn
........................................................................................... :;J e £3m |
& FIELD TESTS LABORATONT  TEETH
é § § Kl Vot | Meckanial Indae Tails « Shear
§ 5 e LI O P (] o e ‘"'Fr"' Qéﬂ:\ia R | Steengt | no
z 3 = g =PRI Y & |selselse e T 3] 2 n |4 £)
i § . by i 3 'ls G @ 8 = g '§; [ EY § g‘ - NP
= 2 GEDLOGICAL  DESCRIPTION 5 = S & & X[ g 5E R EINE: SRR
2 - g Ly (8 gl |3 $|ezlsE NNEHEIREI I
g sail !}qlu: plasticily or particia characioiistics, 3 E s ) ¥ S| 2 85|58 $ EN ¥ i‘; B EEIES . ¥ %j
B colour, dary and minos comy Is. o ~ bl BE B E x| s A& § gl o5
423] % | metres k ¢ [U P& O g [S]o|w|e[S]] wi§ || 2
r” q 87 ; Argh ,oz’asr‘/c.r}_fgjbfack (orga- M b
LY hiesY. ; A A2 1
€s); frace fme gravel (basakt frags) Z
o4  amer — -
W s X
b : ] colowr change o dbrk brown i 39’* MH 25 M . 5 % .
g ) ] :;anjg ~grey motilng ; derease in | § )/ j: 5| ¢ :
[ ST ] SLAY; high plasticity colews as above. 40" en (20158 Loloed lorle|a]| los|sdas] [2]e]|/z]eal
L 3 ]
L ] BASALT . exiremely fo highly B > ]
E 7 ]
/ i szaﬂ.ler‘ea’, very lon sfrengfb, s £ " M _;; g
by Py 2 1"{3/:)‘ brown Tbr ey 100 ” > :
v 1 Remoukrs fo gravedy CLAY; 2L ]
il 4 high plasticity, grave/- fie fo :
Peli 1 medum grained (basall 74’4559 1
l’/ 1 R
q tna of Aake: 2-9m (reguired deptty). ]
! . ]
] ]
E g
p 7
| . .
] :
] :
Aarmarky |

MITHOO OF AOVANCIRG HOLE

Fube (70 % ?Omm).

EXPLANATION

AS : avger screwing (& 100mm). WML : Natural Morsivre

57 sguare cfoss section

Content-
BWp : Butk Wet Densr'fg.
SPD : Soif Fariicle

Density.
H

GIOLOGICAL SYMAQL

(see Fext)

 Mineral Com sf’/.'a'n Hetermmed -ﬁy XRD

ENGINEERING GLOLOGY

SLCTION

Plant i,

priers B.Cox |
Tefus

Approved ... ...

. ShuT....’. ol /
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DATA Pony mna 18

IYRTIM AMG

430985

N_|S¥#42025

patum |4%D (rasmania)

BOREHOLE LOG

PROJECT, . GEVERSTONE ENGINEERING GFOLOGY. | | | ieeooersrossin

FEATURE 00l e e e e
LOCATION, . Slopes, detuleen Hazelwoods Hill and Bass HGhWaY. ...,
CASING/MOLE COMPLETION oo vt i i s i i o it ek e oy e e s s E e T L s

COLLAR

O A = A

] FIELD TESTS LAAGRATDRY Teing

INATES

LEVEL

REDUCED|CO-ORD

y |8 % :
Vam Workemesl [ 1ases Larn NED
PG I IO PO X - O D O 550 = Y 0
s § 5 I B B Sl 5[5 [se]sepaefie [ 5] 8 o [fenets
s 3 ol (e slelEl el sl |1S|ETT <EE L] &l
& 2 GEOLOGICAL  RESCRIPTION s NN A E e e e SIINE g g f &
&3 RN R s34 5| €& |
3 sol Iypo: plasticily ar particta charactorislics, 3 | B2 2|55 a2 a 51Ty of & o | ¥
R colaur, sncondary and minos companents. 2 5 S| b v |85 BEIX |2 |83 e8] e §- R Y A R
123] = | mesres ' i . i i ‘{'Q’w"ﬂ Sha o |Glolw|e| ST ¢ § w(=] 3
’ i | Bisty CLAY, high prastititl, biack praanics)| A £ |>re ] T
K1 3
4 A CLAY. high plasticity, dark +* :
/ ] f’ 9 L2 e L1 M 250 iasloalas| |5 5/ :
A brown cwith grey moiliing i
4 ] < ]
K] = re — — N —
4 ] 75 J
1 1 65| 30| ;251 ]
/ s pe ke i ety = ]
/ . coker change fo lght brown " g
hd ] with orange wgrey morting ; 5¢ ]
V1 2 ] Some fine fo medium Sand sd cH o $ .
4 As : (rock fragments v vesicle infili Pl ]
r‘/ s mes)). . Vst 1
i 1. — >
/ ] . % ]
1 Same as qbove tith ierea- ) M ]
n’j % se jn morsture Contert " b
W ] -
,/ ] P ]
f E 1
/4 ] -
/ b -
/7 2. BASAL ?‘; extremely Yo Aighty wearh- vr M b
// 1 ered,very fow streng?h, fight browa. br < ]
df 1 Kemeuip's Yo sandey CLAY: fine -mediom PL

End of hole ! %3m (refusal)

[ I I W S AU A AU I A A

st g g0 by ety

W N NN W WIS I I S AT I IS SV WA e

Ramaiks .,

MITHOD OF ADVANCING HOLT EXPLANATION GIDLOGICAL S¥MADL ENGINEERING GEQLOGY
AS : ayger Screwing (o:f00mw). NMC : Natura) Moistre (see text) SECTION
Content. oritier s B Cox | iogged £ WAuERY |

Bwp : Bulk Wet Density. i L
8PD : Soil Purtrcle Plant ; TS e FWVhipRy
Depsity . Starteq ! 12 /0 DO Approved ...

o © Mueral composiiion defermined by XKD Fvistes, ;. 12 0008 .. —
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BOREHOLE LOG oAra et o 19
rrodect,  AVERSTONE  ENGINEERING GEOCLOGY . IME
L St B o B R et G S sravem | AME
col svavem | AT
sl Acg” /’D/e : sl 2 g v |#33950
LOCATION .. )ﬁcﬁfzcﬁ’ af)f/acem‘ :»lo /‘Vb/)ﬁ We.sf /’foﬂ@/ Enjmee,-wfj Sa(n?;_‘:g ('om/oound -—* 85 " 544‘3350
-0, i
CASING/HOLE COMPLETION loerstone |o— iy fif?’?@%’.’?@ﬂfﬂ
. Ve scp?porf msea’ - . gg
i of peles 2o Lot e P
]l ; 7’11 [ ﬁ > U | sumiace %, 4m
X ;.'.n.o TESTS CABDAAYDRY TEETS
g § E 2 Vanr | M--I-I-r--(-l Tindar Taane o | Shear
s f I - I HoviA e ol o T o e B
c 3 [& N b & |0l selse o x "
S I I S N - O I R S bl o I I B iy
E| 8 GLOLDGICAL OESCHIPTION 3 BERIME RS AR HNEHEIRIEN
s | 4 § 1y 05 05| 8155 es MR I A
2 . ) - & fum oyl |8 58832 N ENEEIRAE b by
§ soll type: plasticity ot particlo charocteristics, ?; ¥ < 3 y SRS EF - Q ERHERD S e & S
11 E metres calour S Rl epspinEs s G s |3 by 5" Rl ] g KO % Slaje|s$l8 % NIk e § z
| ;ﬂﬂﬁ;ffbe-mecﬁbm)a&rk Lo some organicy A D ] »
;” | SAND . fine - coarse | jight brown, 1
f i ) ;i > -
" 1 some clpy and Frace fine &7 M 19 |7t|i0 :
1 1 grave/(well rounced guerfz & %
1/ I cherd), B =
V) SR e R s RS ES e e e e e e ]
/ g ] SM L ,
:/ A 7 colour Cﬁange fo  lght grey Qnm s
/] ] - brown, sand Jominanily W :
/] ] mediuns size; trace Clay. _
f/ 2] H a
// ] ]
// ] ]
ALY ] e — e e e e e — — — i
/ { Mo return — poordy gracred gravel 7 6P ]
1 End of hole - 2.7 (Fefusal’). ]
] E
] 3
| 7 ]
| i ]
- -
f ] ]
i : e
Rarmarhy
bty D __—
METHOO OF AOVANCING HOLE EXPLANATION GIOLUGICAL SYMAOL ENGINEERING (‘l'OtOGY
AS ! puger screwing. NMC : Natural Morsture (see fext). SLCTION
Content . oriter [ 2. Cox ‘WM‘?WAWS’
BWD : Bulk et Density. | pate ;. 30 /0 90
520 Seit Bartrile Density. Draun - o Whinpy
@ wekr fevel on SRR Ry e Approves,
—  dafe shown. Fihed. o, DT S
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HOLE LOG DATA PoiNT nvo 20
PROJECT ... YEVERSTONE ENGINEERING  GEOLOGT ..o B o] svarrea | AME ]
2o
FEATURE . e o o e i s i S o S ok v S B b A A s A SRS T EE Otf . 4@,354; ____
LOCATION .. mméﬂ:‘ﬂs ........ /V(//uef.s;éz)e ,,,,,,, 8 z W | S#e30s
CREINEITOLE BOIIPLETIDRL ...... .. ool snssiainsomtiiesbsonsis s i R RS T R g S | carom |A4D(Tasmania)
W oarum TSRS
e S
I R L R YT RSP S o S
.................................................................................................................................. w=| anoune | o g,
N « FrELD TESTS LARDRATORY  TEEIS
g E S 3 P " Yar :E u;rkiunnl Tingrs Teate o | Shear
s |3 & H 7z Swom | R e oy e e R R A P
<88 S F ey 515 |sefaelec]se 33| | s
E Ny b i B &) &2 x| S )
£l E CIOLOGIAL DESCHIPHION 3 g5 ¢ § &l Tlpd |2 HINELE I e
H g I |5 <| $|E€ e e 2 Ela,
S| 8 3 g (w3 S| £182 22 o 3533 2] § 5
§ suil type: plazticity of particle chatatorislics, | S O os Blxit| TIEEIEE Q|| 2! B E 8IE| 5] 8 IR
= tolour, secondaty and minar companenls. - 3 e Ll |ES|ES 0 % Sla tg o SiElE NN ENEI R
121 E | merres o d NI V)
| SAND ; e To meaiim , dark brown, A 1
1 argansc rich. &p " %
1| BARS; fine fo meciim, Lght grey; %
A b 4 g
’/ | Serre Fine gravel. . 1
k 05 Clagey SAND: fne % medim, LM 1
/ ] haght brown with dark brown v ]
/‘ A8 B orance motton f Frace fme 5C fo ]
/ 1 gravel(well runded guarfz). Qn MD R
A 7 3 Cf?ry -med fo high }p/asf'fcr':fg. 3 .
A | 1 4
VA | 7 y I -
/;& ] 6‘ra[.ve/@/ Cﬁij 6{9»5 pl’qs//c.vr‘y} F ]
1A 1 dght brown, frace fire fo medhim CH to|>pr i
¥ 1 sand. Grave/ fine fo mediim, of .
j;:/ 15 1 wel reandeg gquariz.
! 1 End of Aele 1 f5m feﬁrsa/) ]
-* B
] 3
| ] -
i | N
i ]
4 —
Aemaiby

[XPLANATION

MITHOD Of ADVANCING HOLE GIOLGGICAL §YMAOL ENGINEERING C[DROGY
SICTION
AS . awger screwing (d':l00mm) MM : Natural Morstare {(see fext) AT
7 ¢ thin wall tube (d 63mm) Content , seiver ; 43.C0X ... taggects. I Whippy .
57 ¢ square cross section Bwp: Butk Wef Density | 3} 090 .
Febe (70570 mm). 520 : Soif Pardrcle Densiy piane ; Treefus Wf’%ﬁj
27.9.90 Srarrea. ! 301090 Agproved |
v Water fevel on o g
— daz’e Shown . Finvshed | 30 12 79 Sheet ._/_ of ,f‘ .
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BOREHOLE LOG pATA Powy, 20 B
FRBIECT i WEVERSTONE ENCINEEGING CEOLOCY. . .....oconmmmimmsn (00| erarem
@
FEATURE 1 U0 s Ol e —————————e e QE i
wocamion ... 3@pe. facing. Restn. foad = Brids property : Confpnl YlerskoeRs| | | suni7io
2 | DATUM AHDO&W’“)
Ow
g a COLVAR: [wivasiinmmsmiisiis
= | arROUND
t lpunrace] % 37m
x FirLd TESTS LABDRLTORY TN
§ E 3 3 E Vamt | > | J-l‘lr'-'-ﬂlu\ Iners Tuits o [SAear
: *f I AN NP s o i R I F T P
< § & x z A s & § 50| selse [ne ® o [Branetes
£ & MR IR S5 +|3 8 < R
= 8 GEDLDGICAL DESCHIPTION 3 & g €laid| ¥ IpE el B NI e_g _gu
s f = R RERINN RN 3EE] 8] 5| <SS | s
8 sol wype:  plasticity or parlicle charsctaeristics, 3 2 L 5 ¥ 3 L ] g‘:‘ :E | e ¥z i1 o & vl y
"E . colour, sacondary and minor componenis. = o & é v [8BlES|py % Sl ,_g 3 8 g % e ls -.,G_ \‘G\.' § g
123 mesies
|  CLAY, mediom ~ high plasiicity, black | 4 ‘f“i [ ] . L7
3 CLAY: medium - b ias el 3 2
] d 9 P 5 48 8525 769 b4 leslia| | e 27|
; b cark brown ; frace coarse ]
! ¢ 3 Sand fo fine grave! (angalar — — —
% ; faan‘z and rock ﬁagmenfts) 3
{11 ] M :
' ] st < :
2 1 50’ CH P i
| AS 1 o ] >
| g N 4
E colour change i red - ]
/ 3 E brown ]
| 1 3
| % 7
§ ]
[ B ]
N 1 £nd of hole:4-2m (refusal) R
] :
] ]
= 4
4 ] _:j
= 4
i ] ]
! | 1
BBMBIAG e Eiivieesesitasesenssgemsssssmsanssosasnsenassdneby s iiEnE b e F e p e Sy RS nnamn e s
MITHOD OF ADVANCING HOLT EXPLANATION GIDLDGICAL SYRAOL ENGINEERING GEOLOGY
: SECTION
AS - auger Screwing (7: (00mm) MMC : Matural Morsture (see fext) T
T ¢ thin watt tube (g : 63mm). Content oratrer | B.COX__ ... toggect: ST LYRPPY .
‘ . . 30./0.90
ST - sguare cross section BWD : Bulk Wet Density e P o
: ‘ y ! < Drawn
. 520 : Soif Pardrcie Densit . Plant i (r€FMS .
Febe (70)( 70mm) 4 Hireral campor)ﬂﬂngdfc‘fﬂ?’?med @ 7-2)]
27.8.90 Starreq. ;. 3010 9C L Approved
Water jeve! on
Firipes . 30 10 - 9o 7 /
—-Tm dafe 5&0””4 g T A e T T Sht!r K " A
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BOREHOLE LOG callber itk
D AME
m$ [ A2 R0 1 TRt YN
Qg 1 (4283657
6% B
0= N | S e rsB 28"
(=] .
2| parum |A#D(Rs ”‘m)
Ow
>
8'[5 COAR v womviopenons
w-{arouno | ~ 22,
< |z g w FiriD TESTS LABDRLTIORY  THSTE
g 18 % 4 4 Vi | T ckeral inges Tim Shear
£ S @ LU | [ L
% g - % i 3 = s:::}'m § N ?i pr it et e ¥ | strengs a3
gl § ¢ H =% 1T s S| 5 aefeepaeiay | Ey p [fAmnefys
s = y s % ¢l o] = = . 5 5
£ 8 GLOLDGICAL DESCRIPTION 3 g |z H § R E Z|E 3 Eé ?a' el
s 3 3 : |9 o -~ sCle s P B 5 S E
! gl < |2z 58 @ - %
8 soit Iypa: plasticity or particls chatacteristics, 3 LI S w235 %'-6 Qg |® R sl o] F Gl
g i a 32yl stESleE| el Sl S| 298] 0| © I3
5 colout, sncondaty amib minoe components. - 1o Slulwviss|eg| g = |3 5 cg o T NEIRY I Ll E 3
(11| X | merres 1 <& bl MAEIRIRIRIASN
JCLAY ; medium fo high pharicity,dack brown | A _‘ H
/: A CLAY pugh plasticity , kot brown 5 o cn bl % - - | ]
1 ' ; g 2.49 5\sel20] |2 -
f|as | ] noth orange o dgh? grey moting, Dl | 4o 00| o ¢ ary
FdN g e medium send’ fo fue st e $ 3
Pql 1 grave/ (rock fragments). - .
| 1 ]
’ i ]
AN JBASALT ; fughty wealiered, i-sheng/s, brol 72),( .

End of hole i 1-5m (Fefusal )

-
B
4
4
o
-
_|

il g by el

l|1|1|_¢-|l||||||!||!||1,l|<:r1|x|ll|1.|_I|1!tt|;1=l|1_xll||u|li¢11_

7+ tin wall fube (G 1 63mm).
5T Square (osS secton

Fee (70xTOmm)-

LETHOD OF ADVANCING KDL
AS : awper screwing (d': 100mm) NMC : Natural Morsture
Confent

BWD | Bulk Wet Density
5Pp  Soil Pardicke Densily

27.690 Mineral com’boif (Te]
v Water Jeve! on
= oafe shown.

GIOLOGICAL SYMRDL

(see fext)

determined by XRD.

ENGINLERING GEOLOGY

SLCTION
briter ; B.LOX .. toggecs, . Whippy .. .
sare ;. 3610090 L
Plant ;. JI1EMAS ... prown i - Whippy. ..
Srasreq.! 30 /2. 80 . Approved ..
. 3o0.r0- 50
Fargned c UL D Shaat -/ o ol
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BOREHOLE LOG DATA FotT. 2020
PROJECT | UEVERSTONE  ENGINEERING BL£0L0GY »
. ” E$ IYRTEM '46 ............
FEATURE .0 ax : 428590
LOCATION Sz | Sewisgo
ING/MOLE COMPLETION : E_. oarum |A#D(Tasmania)
s
"""""""""" 22 eotAR fon i,
/0}71 B—J GROUND = /6
...... i Bl of fofe | im (re T T S W Aot | & fem
R FIEED TESTS LABDRATORY  TIEIY
3 § 5 [ 3 E viai ,.\‘l Terbenzal ] nd Taiw | SAcar
g £ ° T 5 |S i & S o i T s
s | § 8 3 2w T 51 % foefaelse]et| T |3y o [Braneter
£ R R ML PN PN
5 v GEDLOGICAL  DESTRIPTION 3 %‘ T OE(aid] ¥ leE e IR B \?
£ % s S e o |3l olEstE SolE|Ew] 5= s
2 sol type: plasticily m peticls characloristics. 3 K ] 5 % E 85|58 NEIER E g E s o ¥ .| L
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Appendix 2

Summary of laboratory soil testing, data points | to 65

Data Sample Depth usc Geological LL PL Pl LS Clay Silt Sand Gravel MC EN Soil Bulk ' '
point (m) classification symbol %) (%) (%) (H) (%) (%) (%) (%) (%) (%) particle  wet  (kPa) (°)
density density
| | 1.3-1.65 CH Sd 54 1.77
2 1.3-1.65 CH Sd 4 32
3 1.65-2.6 CH Sd 80 31 49 17 44 3 2.37
2 4 0.4-1.5 SP Qm 94
3 5 1.3-1.6 CH Sd 15 29 8 24 70 16 14 47 | 2.26
6 1.3-1.6 CH Sd 44 1.80
7 1.7-1.9 CH Sd 101 30 71 21 45 | 5 15
4 8 2.6-28 CH Sd 108 32 76 24 49 6
9 4.5-4.8 CH Ts 112 33 79 18 45 | 2.36 2 8
10 6.8-7.3 CH Ts
6 I 1.5-1.8 CH Tbw 69 34 35 16 34 6 1.60
12 42-67 CH Tbw
7 14 1.6-2.8 CH Cr 59 36 23 12 24 6
15 4.3-4.6 CH Cr 24 1.60
8 16 0.4-1.3 SP Qm 6 94
17 2.8-32 CH PEw
9 18 0.7-1.6 SP Qm 4 9
19 48-70 CH PEw 30 5
10 20 0.6—1.3 CH Qm 62 17 45 16 25 5 243
I 21 1.0-2.0 CH Sd 87 36 51 20 38 6 2.57
22 5.1-5.4 CH Sd 56 1.74
12 23 0.8-1.0 CH Sd 41
24 1.4-1.7 CH Sd 50
25 1.8-2.0 CH Sd 52
26 2.0-22 CH Sd 52
27 2.2-25 CH Sd 53
28 3.84.1 CH Sd 148 43 105 29 60 6 2.50
29 5.1-5.5 CH Sd 74 1.64
13 30 2.6-2.9 CH Sd 113 41 72 22 38 6
31 3.2-34 CH Sd 105 43 62 17 39 3
32 34-3.65 CH Sd 98 30 68 21 43 3 2.68 5 21
14 33 2.3-2.8 CH Tbw 140 42 98 28 78 19 3 64 6 2.56 5 18
34 1.8-4.3 CH Tbw 66
35 6.9-7.2 CH Tbw 82 1.56
15 36 0.8-1.1 CH Qa 105 24 81 21 32 5 2.53 4 18
37 2.1-2.9 CH Qa
16 38 0.2-1.3 CH Sd 129 31 98 24 46 | 231
17 39 0.5-1.0 CH Sd 168 39 129 25 63 3
40  1.0-1.25 CH Sd 173 37 28 91 6 3 64 3 2.25 6 12
18 41 0.2-1.0 CH Sd 135 32 103 26 51 3 2.50
19 47 0.2-1.2 SP Qm 19 71 10
21 48 0.2-1.0 CH Sd 64 35 29 16 27 6 2.69
22 49 0.2-1.3 CH Sd 85 27 38 20 39 2
23 50 0.3-1.3 MH Sd 54 31 23 |4 26 6 2.71
24 51 0-0.4 CL PEw 43 26 17 9 15 6 2.65 2 15
52 0.4-2.8 PEr
25 53 0-0.2 CH TBw 76 28 48 19 15 5
26 54 0.3-1.3 CH Sd 103 34 69 18 49 5
27 55 1.0-1.3 CH Qa 93 26 21 34 2 2.54 1.84
28 56  0.75-I.1 CH Sd 49 I8 12 35 48 17 24 5 2.61
57 5.8-6.3 CH Sd 67 26 41 13 25 5
29 58 0.6—-1.5 CH Qm 136 27 109 28 43 5 2.38
59 5.5-7.0 CH Qm
30 60 0.4-1.2 SP Qm
31 6l 0.4-1.0 SP Qa
32 62 0.1-1.0 SM Qa
63 5.0-7.0 SP Qa
33 64 0.4-1.0 SM Qa 41 34 7 2 39
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Data Sample Depth usc Geological LL PL Pl LS Clay Silt Sand Gravel MC EN  Soil Bulk O
point (m) classification symbol (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) particle  wet  (kPa) (°)
density density
34 65 0.3-1.0 CH Tbw 94 38 56 19 51 6 2.44
66 0.5-0.7 CH Tbw 45 1.75
67 3.5-45 CH Tbw 108 37 71 20 57 6
35 68 0.7-1.0 CH Sd 121 39 82 23 87 10 3 56 2 2.24 1.73 3 10
69 1.4-2.4 CH Sd 68 32 36 17 62 5 4 27
36 70 0.2-1.5 CH Sd 145 41 104 28 52 6
71 4.5-5.2 CH Sd 78 45 33 13 53
37 72 0.3-1.0 CH Sd 92 35 57 21 42 6
73 1.5-3.6 CH Sd 101 37 64 2I 54 6
38 74 0.8-1.3 ML Qm 36 17 19 5 21 28 50 [ 17 [
39 75 0.8-1.7 CH Qa 63 22 41 15 26 5
40 76 0.7-1.2 CH Sd 1o 32 78 21 48 2
77 1.2-1.6 PEr 128 41 87 22 57 | 2.34 3 I
41 78 04-1.0 CH Tbw 104 39 65 I8 41 6
79 2.5-33 CH Tbw 92 43 49 19 51 6 2.62 2 31
80 7.0-7.3 CH Tbr 93 49 44 IS 35 1.64
44 8l 0.3-14 CH Tbw 98 29 69 25 46 6 4 30
82 CH Tbr 80 39 41 I8 37 6 1.76
83 CH Tbr 84 40 44 17 38 6
45 84 1.0-1.2 CH Sd
85 1.4-2.5 CH Sd 99 38 61 22 47
86 3.0-3.5 CH Sd 105 36 69 21 50 5 2.60 4 29
46 87 5.0-7.0 CH Tbw? 134 45 89 26 62 5
47 88 0.4-1.0 SP Qm | 3 95 |
89 1.0-1.6 SP Qm | 2 92 5
48 90 0.3-1.3 CH Qa 69 19 49 6 33 5 2.6l
49 91 0.2-0.8 sC
92 1.6-1.9 CH Ts 103 25 78 20 32 6 1.91
93 3437 CH Sd 104 37 67 19 41 6 2.69 1.55
50 94 0.7-1.0 CH Sd 69 20 49 17 21
95 3.2-3.6 CH Sd 129 38 91 24 47 6
51 104 43-52 CH Sd [ 4 16
55 42 0.3-09 CL-CH Qm 47 18 29 12 27 2 2.49
56 44 0-0.8 CL-ML Qa 27 20 7 4 19 2 2.51
57 45 0-2.0 CH Tbw 134 37 97 28 79 17 4 62 | 2.29 1.52
46 2.0-3.0 CH Tbw 73 19 54 17 38 I5 47 31 | 2.50 1.77
58 43 Ts 45 21 24 8 22 3
59 96 CH Sd 94 39 55 20 36 6 2.64
60 97 CH Cw 65 20 45 I3 24 6
6l 98 CH Ts 89 34 55 6 28 6
103 CH Ts 92 35 57 16 40 6 2.73
62 99 CH PEw 74 27 47 14 Dry 6 2 15
63 100 CH Sd 46 23 23 10 19 5
64 101 CH Sd 56 22 34 13 18
65 102 CH Tbw 91 40 51 19 45 6 2.37
Notes:
Data point numbers 1-54 are auger holes; 55 trench; 5657 existing excavations, 58—65 surface grab samples
c'r is residual cohesion in kilopascals, ¢' is residual angle of friction in degrees
Soil particle density and Bulk wet density are in g/lcm3
LL = liquid limit; PL = plastic limit; Pl = plasticity index; LS = linear shrinkage
Geological symbols:
Qa = Alluvium; Qm = Coastal plain deposits; Sd = Slope deposit (transported soils)
Tbw = Residual soil — basalt parent rock; Tsi = Intra-basaltic sediments; Tbr = Basalt bedrock; Ts = Sub-basaltic sediments
Cw = Residual soil — Cambrian parent rock; Cr = Cambrian bedrock
PEw = Residual soil — Precambrian parent rock; PEr = Precambrian bedrock
r includes extremely weathered material (original rock fabric preserved)
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Appendix 3
Details of data points 66 to 157

Site Location AMG  AMG Reference Depth (m) Description usC Remarks
ID (E) (N) Start End
66  Clara Street, 428970 5444340  UR74/3 0.00 1.20 red soil sandy clay
West Ulverstone 1.20 3.00 weathered basalt, plastic layers
3.00 3.40 yellow sand, wet
67  Clara Street, 429020 5444350 UR74/3 0.00 0.18 red soil
West Ulverstone 1.80 1.95 grey claying sand
1.95 3.00 red soil, sandstone
68  Clara Street, 429040 5444280 UR74/3 1.00 2.40 red soil, basalt boulders
West Ulverstone 2.40 3.00 white quartz sand
69  Clara Street, 428950 5444450  UR74/3 1.00 1.20 red soil
West Ulverstone 1.20 1.35 brown organic soil
1.35 1.50 red soil
1.50 1.65 grey plastic clay
1.65 3.30 brown clay, shear surface
70  Clara Street, 428920 5444330 UR 74/3 0.00 3.00 red soil
West Ulverstone
71 Clara Street, 428890 5444480 UR 74/3 0.00 1.80 red soil
West Ulverstone 1.80 2.10 grey plastic clay, sandy
2.10 3.00 brown plastic clay, sheared
72 Clara Street, 428830 5444460  UR74/3 0.00 1.00 brown soil
West Ulverstone 1.00 2.10 weathered basalt
73  Clara Street, 428820 5444500 UR74/3 0.00 3.00 brown soil, plastic, fissured, sheared
West Ulverstone
74  Castra Road, 432120 5441460 U 1989 0.00 0.50 grey brown soil
Ulverstone 0.50 1.40 red brown clay, fissured
1.40 2.50 red brown and grey clay, igneous texture
2.50 2.80 red brown and grey clay, basalt
75  Castra Road, 432110 5441410 U 1989 0.00 0.50 grey brown soil, fractured
Ulverstone 0.50 .10 red clay, fissured
1.10 2.80 grey brown and reddish clay, igneous texture
76  Castra Road, 432130 5441410 U 1989 0.00 0.50 grey brown soil
Ulverstone 0.50 2.00 brown clay, fractured and fissured
2.00 2.90 red brown clay, igneous texture
77  Clayton 433200 5443290 U 1989 0.00 0.30 black sandy loam
0.30 0.90 grey black sand, basalt or dolerite boulders
0.90 1.50 brown clay, basalt or dolerite rock
1.50 2.70 fawn grey clay, basalt or dolerite boulders
78  Clayton 433220 5443430 U 1990 0.00 0.30 blue grey sand
0.30 1.00 light grey sand
1.00 2.40 brown grey sand, coarse, WT |.4
79  Clayton 433340 5443440 U 1990 0.00 0.30 brown loam
0.30 1.40 brown clayey loam, basalt or dolerite boulders
1.40 basalt or dolerite layer, very hard
80 Clayton 433510 5443430 U 1990 0.00 0.40 grey sand, fine grained
0.40 1.50 brown sand, some gravel
1.50 2.00 grey, brown sand, coarser gravel
2.00 3.00 grey brown sand, gravel, wet, WT 2.0
81  Clayton 433510 5443430 U 1990 0.00 0.40 black loam, beach gravel
0.40 0.90 brown sand, beach gravel
0.90 1.30 light brown sand, beach gravel
1.30 1.90 dark grey brown sand, beach gravel
1.90 2.30 grey brown sand, beach gravel, wet, WT 2.1
82  Clayton 433810 5443460 U 1989 0.00 0.30 grey brown sand, beach gravel
0.30 0.50 black clayey sand
0.50 0.80 grey clayey sand
0.80 1.60 light grey clayey sand
1.60 2.80 grey sand
2.80 3.00 grey sand wet
3.00 3.50 grey sand, some rounded gravel, WT 2.8
83  Clayton 433970 5443430 U 1989 0.00 0.60 light grey sand
0.60 0.90 brown clayey sand
0.90 1.90 brown clay
1.90 2.50 brown and black clay, some gravel, WT 2-2.4
84  Clayton 434070 5443320 U 1989 0.00 1.00 light grey sand
1.00 2.00 brown clayey sand
2.00 2.50 black / green clay, some gravel, WT 1.8
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Site Location AMG  AMG Reference Depth (m) Description usc Remarks
ID (E) (N) Start End
85  Ulverstone, 430460 5443410 U 1979 0.00 1.20 sand and rubble
Civic Centre 1.20 2.00 gritty sand, hard pan
2.00 3.00 dark yellow sand, WT 2.0
86  Ulverstone, 430480 5443470 MR 1981 0.00 0.80 grey sand SP 6 pits
Civic Centre 0.80 2.00 dark brown sand, some cemented SP-SM
2.00 2.40 sand, WT 2.0 SP
87  Ulverstone, 430360 5442670 MR 1969 0.00 0.25 grey gravel, quartzite
High School 0.25 0.60 grey sand
0.60 sandy clay over weathered
quartzite pebbles, WT 0.6
88  Ulverstone, 430370 5442720 MR 1969 0.00 0.25 grey gravel, quartzite
High School 0.25 0.30 black sandy loam
0.30 0.60 grey sand
0.60 2.10 dark grey to black clay, some gravel
2.10 2.40 black gravel in sand WT 2.0
89  Lovett Street, 429800 5442490 DC 1990 0.00 0.25 grey topsoil
Ulverstone, 0.25 0.60 sandy loam
Fire Station 0.60 1.60 yellow grey clay, plastic
1.60 3.00 grey sand, wet
90  Lovett Street, 429790 5442520 DC 1990 0.00 0.40 grey topsoil
Ulverstone, 0.40 1.80 grey clay, firm
Fire Station 1.80 2.70 grey sand, wet
91  Lovett Street, 429820 5442550 0.00 0.45 loaming topsoil
Ulverstone, 0.45 1.60 grey!, softer with depth
Fire Station 1.60 2.80 grey sand, wet
92  Lovett Street, 429770 5442550 DC 1990 0.00 0.35 grey topsoil
Ulverstone, 0.35 1.50 grey clay, firm
Fire Station 1.50 2.70 grey wet sand
93  Lovett Street, 429770 5442480 DC 1990 0.00 0.35 topsoil
Ulverstone, 0.35 1.70 grey yellow clay, firm
Fire Station 1.70 2.80 grey yellow sand, wet
94  Short Street, 429550 5442640 MR 1982 0.00 0.43 black loaming sand SP 6 pits
Ulverstone 0.43 0.90 white sand
0.90 1.05 yellow orange sand
1.05 1.60 yellow orange sand, some iron cemented
1.60 1.90 yellow sand
95  East Ulverstone, 431990 5443520 MR 1979 0.00 0.20 grey broen sand SP 3 pits
Primary School 0.20 0.60 brown silty sand, quartzite and basalt boulders  SM
0.60 1.10 brown gravelly clay (basalt boulders) GC
1.10 1.70 orange brown highly weathered basalt (clayey)
96  South Road, 427690 5443740 MR 1976 0.00 0.40 black green clay, sandy CH 3 pits
West Ulverstone, 0.40 1.40 blue grey clay, some coarse sand CH 3 DH
Drill Hole 2 1.40 3.50 brown grey clay, some rock fragments CH
3.50 6.00 brown grey weathered
6.00 13.00 brown and grey
97  Leven River Bridge, 428830 5442680 MR 1976 0.00 1.50 water SP
Ulverstone 1.50 1450  grey sand, black grey silty sand ML
14.50 17.35  gravel with silty sand, some clay GP
97  Leven River Bridge, 428830 5442680 MR 1976 0.00 1.50 water
Ulverstone 1.50 2.50 gravel, fine grained GP
2.50 12.00  grey sand, shell and fragments SP-SC
12.00 16.65  grey black silt MH
16.65 18.95 brown silty sand, pebbles and gravel SC-GP
98  Leven River Bridge, 428830 5442680 MR 1976 0.00 1.50 water
Ulverstone 1.50 7.00 grey sand, some shells SP-SC
7.00 9.30 yellow sand, some clay seams SC
9.30 17.18  greysilt MH
17.18 19.20  river shingles with silt and sand GP
17.18 29.60 orange brown clay with gravel, some sand GP-SC
99  Leven River Bridge, 428830 5544268 0.00 3.60 water
Ulverstone (Pier 3) 3.60 9.10 sand, fine gravel, silt yellow clay bands SP-ML
9.10 17.10  greysilt ML-MH
17.10 18.55 fine grained, silty and sandy GP
18.55 22.64  river mined with sandy and clay fines
22.64 25.68  clay, friable, stiff, schist pebbles
25.68 27.40  pebbly clay
27.40 2892  coarse gravel
2892 31.50 brown quartzite, hard
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Site Location AMG  AMG Reference Depth (m) Description usC Remarks
ID (E) (N) Start End
100 Leven River Bridge, 428830 5544268 0.00 3.85 water
Ulverstone (Pier 4) 3.85 8.80 sand, fine gravel shells GP-SC
8.80 16.05  grey silt, shells MH
16.05 18.25  shingle, some schist material GP
18.25 27.10  yellow quartzite with laterite in top section
101 Leven River Bridge, 428830 5544268 0.00 3.80 water
Ulverstone (Pier 5) 3.80 10.00  gravel, (water worm), silt sand, shells GP-SC
10.00 1720 grey silt soft MH
17.20 50.00 yellow quartzite bonds laterite material
102 Leven River Bridge, 428750 5442750 0.0 6.38 brown sand, shells
Ulverstone A (W) 6.38 15.50  grey sand, some silt SP
15.50 18.20 sand, pebbles, shells SP-GP
18.20 20.18  green clayey gravel GP
20.18 21.10  green sand gravel GW
21.10 23.20  green grey clayey sand
23.20 26.20  grey sand with pebbles (volcanic, quartzite)
103 Ulverstone Bypass, 429320 5442420 MR 0.00 1.50 clayey sand (clay sparse)
Masons Creek 1.50 4.00 clayey sand
4.00 6.50 sandy clay/rock?
104 Ulverstone Bypass, 429350 5442420 MR 0.00 0.15 sand
Masons Creek 0.15 4.30 sand, some clay
4.30 6.50 sandy clay/rock?
105 Ulverstone Bypass, 429370 5442430 MR 0.00 0.30 sand
Masons Creek 0.30 3.40 sand, some clay
3.40 5.40 sandy clay
5.40 6.60 sandy clay (wet)/rock?
106 Ulverstone Bypass, 429790 5442280 MR 1976 0.00 0.80 black and orange sand SC
Preston Road 0.80 1.14 orange sandy clay CL
0.80 5.45 yellow, grey, green sand SP-SC
5.45 17.00  black, grey brown, brown clay
quartzite pebble at [0 m OL, CH
17.00 20.30  green, white black grey clay with quartzite fragments
107  Ulverstone Bypass, 429790 5442280 0.00 6.00 black grey yellow sand and clayey sand,
Preston Road some gravel SC, CH
6.00 8.40 black grey silt some gravel organic oL
8.40 12.60  green, brown black clay with pebbles quartzite,
basalt CH
12.60 13.80  grey basalt cobbles, green brown tuff at end
13.80 16.00  grey green phyllite
108 Ulverstone Bypass, 429750 5442280 0.00 12.00  without sampling
Preston Road 12.00 16.50  grey yellow phyllite with quartzite bands
109 Ulverstone Bypass 430940 5441970 0.00 0.60 brown clayey gravel (basalt) CL
0.60 0.80 grey clay CH
0.80 3.50 gravel, rounded basalt fragments
110 Ulverstone Bypass 430940 5441970 0.00 0.40 brown clayey gravel (basalt) CL
0.40 1.20 green grey clay some pebbles CH
1.20 1.50 basalt slightly weathered
Il Ulverstone Bypass 430940 5441970 0.00 0.30 brown clayey gravel (basalt) CL
0.30 0.80 yellow clay plastic CH
0.80 5.10 brownish tuff, plastic
112 Ulverstone Bypass 430940 5441970 0.00 1.00 black, yellow clay plastic CL-CH
1.00 2.20 yellow clay plastic, some basalt fragments CH
2.20 3.90 red brown grey pyroclastic rock
3.90 5.80 yellow brown pyroclastic particles absent
5.80 8.00 fragments
113 Ulverstone Bypass 430940 5441970 0.00 0.40 black clay, rock fragments CL
0.40 0.80 orange clay plastic CH
0.80 4.30 pyroclastic
114 Ulverstone Bypass 430940 5441970 0.00 0.60 grey clay plastic CL
0.60 1.20 brown clay plastic CL
1.20 5.10 basalt, less weathered with depth, rippable
115 Ulverstone Bypass 430940 5441970 0.00 1.10 black clay plastic, rock fragments CL
1.10 1.60 basalt, weathering decreases with depth, rippable
116 Ulverstone Bypass 430940 5441970 0.00 0.50 black clay plastic, some rock fragments CH
0.50 1.00 brown clay, plastic CH
1.00 2.80 basalt, weathering decreases with depth
117 Ulverstone Bypass 430940 5441970 0.00 0.50 black clay, plastic, pebbles CH
0.50 1.60 orange clay plastic, rock fragments CH
1.60 3.20 basalt variable weathering
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Site Location AMG  AMG Reference Depth (m) Description usc Remarks
ID (E) (N) Start End
118 Ulverstone Bypass 430940 5441970 0.00 0.40 black clay, plastic, rock fragments CH
0.40 0.80 orange yellow to brown clay, plastic CH
0.80 1.70 basalt/variable weathering
119 Ulverstone Bypass, 431990 5442290 MR 1977 0.00 0.45 topsoil
Castra Main Road 0.45 0.90 orange yellow silty sand CL
0.90 1.23 gravel, rounded pebbles GP
1.23 6.00 orange yellow clay (weathered basalt) CH
6.00 15.50  basalt variable weathered
15.50 17.90  pyroclastic-agglomerate, tuff with sand and clay
17.90 22.50 basalt, weathered at top
120 Ulverstone Bypass, 431990 5442290 0.00 0.30 topsoil
Castra Main Road 0.30 1.23 red brown sandy clay CL
1.23 2.50 grey brown gravel, clayey, quartz pebbles GC
2.50 15.58  grey brown clay (weathered basalt) CH
15.58 15.85  sandy clay, subangular quartz
15.85 17.30  basalt and clay
17.30 20.27  basalt, clay filled vesicles
121 Ulverstone Bypass, 431990 5442290 0.00 0.30 topsoil
Castra Main Road 0.30 1.60 brown clayey sand CH
1.60 2.00 gravel (quartz) GP
2.00 4.78 yellow clay, some gravel (basalt fragments)
weathered basalt
4.78 1420  basalt completely weathered green brown
14.20 19.13 basalt, blue grey with vesicles
122 Ulverstone Bypass, 432580 5442960 0.00 0.60 clayey gravel (basalt fragments) GC
Forth Road Underpass 0.60 2.25 dark blue to black clay organic, plastic CH
2.25 2.80 basalt deeply weathered
123 Ulverstone Bypass, 432580 5442960 0.00 1.00 clayey gravel (basalt fragments) GC
Forth Road Underpass 1.00 2.50 blue green plastic clay. quartzite fragments at base
2.50 3.70 brown grey basalt, weathered
124 Ulverstone Bypass 432580 5442960 0.00 0.90 clayey gravel (basalt fragments)
Forth Road Underpass 0.90 1.60 dark blue to black clay, organic
1.60 2.90 grey sand
2.90 3.60 brown basalt, highly weathered
125 Ulverstone Bypass 432580 5442960 0.00 1.30 clayey gravel (basalt fragments)
Forth Road Underpass 1.30 2.60 grey silty sand
2.60 3.80 brown-orange basalt, highly weathered
126 Ulverstone Bypass 432580 5442960 0.00 0.60 brown clayey gravel (basalt fragments)
Forth Road Underpass 0.60 1.00 blue grey clay, plastic CH
1.00 2.40 brown grey silty clay, some sand and pebbles,
medium plasticity OH-MH
2.40 3.20 brown basalt, highly weathered
127 Ulverstone Bypass 432580 5442960 0.00 0.60 clayey gravel (basalt fragments) GC
Forth Road Underpass 0.60 2.00 dark grey-brown clay, occasional fragments
basalt and quartzite plastic CH
2.00 3.00 grey brown basalt, moderately weathered
128 Ulverstone Bypass 432580 544PQRO 0.00 1.00 clayey gravel (basalt fragments) GC
Forth Road Underpass 1.00 2.20 silty sand, quartz boulders SP
2.20 3.60 brown basalt, highly weathered
129 Ulverstone Bypass 432580 5442960 0.00 0.70 clayey gravel (basalt fragments) GC
Forth Road Underpass 0.70 1.50 blue black clay, organic, plastic OH
1.50 2.80 grey sand SP
2.80 4.00 yellow brown basalt, highly weathered
130 Ulverstone Bypass 432580 5442960 0.00 1.60 grey topsoil, brown to grey clayey sand SC
Forth Interchange 1.60 3.20 brown green clay plastic CH
X 3.20 5.70 clayey gravel, medium plasticity,
basalt fragments (weathered basalt) GC
5.70 11.30  brown yellow-green grey basalt weathering
decreases with depth
11.30 12.70  grey blue basalt, slightly weathered
131 Ulverstone Bypass, 432580 5442960 0.00 0.15 grey sandy clay topsoil CL
Forth Interchange 0.15 2.00 orange grey silty clay, low to medium plasticity
2.00 4.40 brown grey gravelly clay (weathered basalt?)
medium plasticity GC
4.40 12.83  yellow brown to blue grey basalt
132 Ulverstone Bypass 432580 5442960 0.00 0.15 grey sandy clay topsoil SC
Forth Interchange 0.15 2.00 orange grey clayey silt medium plasticity SC-CL
2.00 2.90 grey sand, some clay SP
2.90 6.00 brown orange clayey silt medium plasticity
(weathered basalt?) SC-CL
6.00 8.50 clayey silt with basalt fragments
(highly weathered) GC
8.50 1645  brown to green grey basalt and/or pyroclastic bedded?
Ulverstone 91



Site Location AMG  AMG Reference Depth (m) Description usC Remarks
ID (E) (N) Start End
133 Ulverstone Bypass, 432580 5442960 0.00 0.20 grey sandy clay topsoil SC
Forth Interchange 432580 5442960 0.20 1.60 grey silty clay medium to low plasticity SC-CL
1.60 5.75 brown orange clay, basalt fragments increases
with depth (highly weathered basalt) CH-GC
5.75 6.90 green grey basalt/pyroclastic
6.90 10.97  blue grey basalt
134 Bass Highway, 434470 5442900 0.00 0.45 loamy topsoil SC-CL
Claytons Rivulet 0.45 1.90 red brown to brown clay (silty) friable CL-CH
1.90 2.70 yellow brown to brown green sandy clay, friable SC-CL
135 Bass Highway, 434470 5442900 0.00 0.40 loamy topsoil friable SC-CL
Claytons Rivulet, 0.40 1.75 brown clayey sand, silty, sandy clay,
friable-semi friable
1.75 2.75 blue grey sand (quartz) SC
136 Bass Highway, 434470 5442900 0.00 0.40 loamy topsoil SC-CL
Claytons Rivulet 0.40 2.90 red brown silty and sandy clay friable CL-CH
137 Bass Highway, 436700 5442570 0.00 2.80 brown sandy gravel in sand GP-GL
Forth River 2.80 7.45 greyish olive sand (quartz) some rock and
shell fragments SP
7.45 8.40 grey gravelly sand some wood SP-GP
8.40 11.45  dark olive grey sandy silt (quartz and rock
fragments), some shells increasing at base
138 Bass Highway, 436610 5442570 0.00 10.15  light to medium grey sand, some silt, shells,
Forth River wood fragments, occasional gravel fragments SM
139 Bass Highway, 436700 5442570 0.00 0.45 water
Forth River 0.45 3.20 grey sand (quartz) some pebbles W
3.20 6.87 cobbles and gravel, some clay and sand
towards base GP
6.87 7.32 grey brown clay, silty CH
140 Bass Highway, 436800 5442570 0.00 1.05 clayey gravel, silty clay
Forth River (rounded quartzite fragments) GC
1.05 1.20 light yellow sand, poorly graded SP
141  Bass Highway, 436840 5442570 MR 1983 0.00 0.80 sandy gravel (rounded quartzite fragments)
Forth Bridge in black and grey sand GW
0.80 1.90 gravel (quartzite fragments becoming lower
with depth, sand GP-GW
142 Bass Highway, 436870 5442570 0.00 1.80 sandy gravel (rounded quartzite fragments) in
Forth Bridge black light grey, orange brown sand GW
143 Bass Highway, 436910 5442570 0.00 0.05 silt, organic oL
Forth Bridge 0.05 1.10 yellow grey sand (quartz) SP
1.10 1.60 white to grey sandy gravel (quartzite fragments) GW
144 Bass Highway, 436910 5442570 0.00 0.05 dark brown silty clay, organic OM
Forth Bridge 0.05 1.70 light brown to grey yellow sand (quartz) SM-SP
145 Bass Highway, 436980 5441250 0.00 0.45 dark grey to black sand (quartz) changing to grey SP
Forth Bridge 0.45 1.90 gravel (quartzite fragments), roots to 0.9 m GW
146 Bass Highway, 436980 5442590 0.00 1.00 clayey gravel (rounded quartzite fragments)
Forth Bridge in silty clay, organic GC
147 Bass Highway, 436980 5442590 0.00 0.80 clayey gravel (rounded quartzite fragments)
Forth Bridge in silty clay, organic GC
148 Bass Highway, 437110 5442650 0.00 0.45 water
Forth River Bridge 0.45 6.23 cobbles sand gravel rounded quartzite basalt
fragments GP
6.23 9.87 brown and grey basalt, vesicular
9.87 1424 brown red grey tuff? Low specific gravity
14.24 1482  brown sand, basalt pebbles
14.82 15.27  gravel, quartzite fragments
149  Bass Highway, 437110 5442650 0.00 3.80 water
Forth River Bridge 3.80 5.80 dark green grey to white sand (quartz, rock
and shell fragments) SW-SP
5.80 8.00 gravel (quartz and schist fragments), some
rounding, shells GW-GP
8.00 8.20 sand SW
820 10.50  gravel GW-GP
10.50 12.50  sand with shingle layers (quartzite and schist
fragments SP
12.50 13.00  gravel (quartzite and schist fragments), rounded
in silty gravel
13.00 1520  yellow-brown clay some quartzite pebbles,
rounded MH
15.20 16.70  white-grey sand, some pebble layers SP
92 Urban Engineering Geological Mapping Project



Site Location AMG  AMG Reference Depth (m) Description usc Remarks
ID (E) (N) Start End
150 Bass Highway, 437110 5442650 0.00 3.50 water
Forth River Bridge 3.50 5.75 sand, quartz and rock fragments, some pebble
layers SW
5.75 7.95 gravel, subrounded quartzite, schist,
basalt fragments GW
7.95 10.50  grey brown gravelly silt quartzite and rock
fragments GM
10.50 1480  red brown clay plastic quartzite pebbles at top
but mostly weathered basalt CH
14.80 16.00  white gravel, quartzite fragments, sand GW
16.00 1645  white sand (quartz) SP
I51 Bass Highway, 437110 5442650 MR 1982 0.00 3.80 silty sand and clay MH-CL
Forth River Bridge MR 1982 3.80 5.70 brown to grey sandy clay some gravel fragments
(quartzite basalt) CL
5.70 8.00 gravel and shingle quartz and rock fragments GP
8.00 12.81 red grey-yellow clay (entirely weathered basalt) GC-CH
12.81 15.04  brown-red grey tuff?
15.04 1540  gravelly sand (quartzite fragments)
152— Bass Highway, 437110 5442680 0.00 2.00 sand, silt, river gravel
157 Forth River Bridge 3.70 12.54  gravel, silt and sandy clay
All grid references are AGD66 datum
References:
UR  Unpublished Report, Tasmania Department of Mines
U Ulverstone Municipal Council
MR Department of Main Roads
DC Department of Construction
USC Unified Soil Classification System
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Appendix 4

Summary of X-ray diffraction results

Sample No.

Clay fraction (%)
Serpentine
Talc
Stevensite
Montmorillonite
Halloysite
Kaolinite
Goethite
lllite
Quartz
Hematite
Mica
Gibbsite
Vermiculite
Lepidocrocite

Whole sample(%)
Lepidocrocite
Anatase
Stevensite
Montmorillonite
Halloysite
Kaolinite
Goethite
lllite
Quartz
Hematite
limenite
Feldspar
Magnetite
Pyroxene
Apatite
Gibbsite
Mica
Vermiculite
Talc
Serpentine
Chlorite

Geological symbol

3 5 7 8 9 11 14 19 20 21 28 30
20 35 20 5 40 10 50 80 5 15
75 60 80 65 45 50 90 80
30 55
5 5 I5 10 5 10 5 5
30 45
5
10 10
35
10
5
20 25 10 2 40 5 25 5
60 50 45 70 45 25 20 70 75 70
25 30
2 5 10 I5 10 5 5 10 10
25 25
10 25 5 10 25 45 45 55 10 5
10 10 5
5 5 5 5 5 2
5 5 2
5 5 5 10
10
5
10
20
2

Sd Sd Sd Sd Ts Tbw Cr PEw Qm Sd Sd Sd

32

20
65

10
40

15
10

Sd

33 36
45 15
45 75
10 10
35 10
40 45
5 5
2 35

5
2 5
2

10
Tbw Qa

38

85
15

65
15

Sd

Geological symbols

94

Qa  Alluvium
Qm  Coastal plain deposits

Sd Slope deposit (transported soils)

Tbw Residual soil — basalt parent rock
Tsi Intra-basaltic sediments

Tbr  Basalt bedrock

Ts Sub-basaltic sediments

Cw  Residual soil — Cambrian parent rock
Cr  Cambrian bedrock

PEw Residual soil — Precambrian parent rock
PEr  Precambrian bedrock

r includes extremely weathered material (original rock fabric preserved)
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Sample No.

Clay fraction (%)
Serpentine
Talc
Stevensite
Montmorillonite
Halloysite
Kaolinite
Goethite
lllite
Quartz
Hematite
Mica
Gibbsite
Vermiculite
Lepidocrocite

Whole sample(%)
Lepidocrocite
Anatase
Stevensite
Montmorillonite
Halloysite
Kaolinite
Goethite
lllite
Quartz
Hematite
limenite
Feldspar
Magnetite
Pyroxene
Apatite
Gibbsite
Mica
Vermiculite
Talc
Serpentine
Chlorite

Geological symbol

39

65
15

Sd

40

85
15

75
15

Sd

41

85
15

65
15

Sd

42 43

40 40
60
55

15 20
20
30

65 45

44 45

20 50
45

50

10 5

10

10

40

N
s

80

Qs Tsi

46

50
50

20
20

50

Tsi

48

75

35

[0, ]

NN U

Sd

49

55
45

40
30

20

Sd

50

70

30

35

45

51

70
10

25

55

PEw Tbw

53

90
10

65

20

54

85
15

45
10

10
20
15

Sd

55

70

20

50

10
10

25

Qa

56

55

30
10

70

Sd

Ulverstone
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Sample No. 57

Clay fraction (%)
Serpentine
Talc
Stevensite
Montmorillonite
Halloysite
Kaolinite
Goethite
lllite
Quartz
Hematite
Mica
Gibbsite
Vermiculite
Lepidocrocite

Whole sample(%)
Lepidocrocite
Anatase
Stevensite
Montmorillonite
Halloysite
Kaolinite 15
Goethite 5
lllite
Quartz 50
Hematite
limenite
Feldspar
Magnetite
Pyroxene
Apatite
Gibbsite
Mica 30
Vermiculite
Talc
Serpentine
Chlorite

Geological symbol Sd

58

60
30

50
20

25

65

60

55

25

67

80

20

65

Tbw Tbw

68

40
60

40
55

Sd

69

45
50

40
40

Sd

70 72 73

85 65 85

80 55 70

10 2

Sd Sd Sd

74

25

70

75

75

60

10
15

25

50

76

60

20

PEw

77

75

60

30

PEr

78 79 80

85 90

70 75 85

Tbw Tbw Tbr

96
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Sample No.

Clay fraction (%)
Serpentine
Talc
Stevensite
Montmorillonite
Halloysite
Kaolinite
Goethite
lllite
Quartz
Hematite
Mica
Gibbsite
Vermiculite
Lepidocrocite

Whole sample(%)
Lepidocrocite
Anatase
Stevensite
Montmorillonite
Halloysite
Kaolinite
Goethite
lllite
Quartz
Hematite
limenite
Feldspar
Magnetite
Pyroxene
Apatite
Gibbsite
Mica
Vermiculite
Talc
Serpentine
Chlorite

Geological symbol

82

75

Thi

86

85

70

Sd

87 90

35 35
60 40

30 15
60 20

Tbw Qa

92 93

90

95

10
75

60

20

Sd

96

85

60

20

Sd

97

25
10

45

Cw

98 99

10

80

10 5
95

70

50
20 45

Ts PEw

100

40

10
10
25

20

45

Sd

102

75

75

Tbw

103

55
40

45
30

20

Ulverstone
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APPENDIX 5
Details of water bores (data points 159 to 200)

Site Location AMG  AMG Date DWS SWL TD  Output Salinity Driller's logs

ID (E) (N) drilled (m) (m) (m)  (/min) (mg/l) (m)

159 Turners Beach 435420 5442070 26/06/1963 30.5 0-6.1 sand, 6.1-9.1 gravel, 9.1-12 clay
12.2-30.5 black schist

160 Turners Beach 435420 5442070 08/07/1963 1.6 13.7 7.6 13.3 0-7.6 sand, 7.6-9.8 sand and pebbles,
9.8—13.7 coarse gravel

161 Gawler 429700 5440820 21/02/1979  12.1-29 10.7 335 75.8 0-0.6 grey loam, 0.6—6.1 clay,
6.1-33.5 siltstone

162 Turners Beach 436110 5442380 17/04/1979 64 0-5.5 sand and gravel, 5.5-6.7 clay,
6.7—12.8 shingle, 12.8-51.8 sand and gravel
51.8-64 sand

163 Turners Beach 436110 5441920 27/04/1979  7.6-9.1 1.8 106.7 455 0-1.8 topsoil, 1.8-5.5 sand, 5.5-6.1 basalt,
6.1-18.3 shingle and gravel,
18.3—-106.7 sand, clay and gravel

164 Turners Beach 435360 5442390 01/07/1963 10.7 125 227 320 0-0.46 sand, 4.6—12.5 gravel

165 Ulverstone 427290 5443410 09/03/1978 10.7 4.4 34.8 22.7 0-1.2 conglomerate, 1.2-7.9 clay,
7.9-34.8 hard mudstone

166 Ulverstone 4332950 5443050 15/09/1978 12.2-21.3 6.1 244 7538 0-0.3 topsoil, 0.3-3.7 clay, 3.7-12.2 loose
basalt, 12.2-21.3 sand and gravel,
21.3-24.4 quartzite

167 Turners Beach 435260 5442390 24/09/1965 13.1 0-0.6 sandy soil, 0.6—6.1 sand,
6.1-13.1 graphitic schist

168 Turners Beach 435310 5442390 27/09/1965 5.5 13.1 45.5 325 0-0.3 soil, 0.3—4.0 sand, 4.0-8.8 sand and
rounded gravel, 8.8—13.1 graphitic schist

169 Turners Beach 435395 5442500 21/08/1979 6.1-9.8 4.6 9.8 34.1 9.8 0-6.1 sand, 6.1-9.8 gravel

170 Ulverstone 433140 5444620 14/02/1978 16.8-30.5 335 91 0-0.3 topsoil, 0.3-12.2 clay, 12.2-14.9 clay
and boulders, 14.9-32 basalt, 32-33.5 schist

171 Turners Beach 435530 5441800 10/07/1963 1.6 13.7 19 320 0-4.6 sand, 4.6-8.2 sand, clay, some pebbles
8.2-11.6 clay. I1.6—12.2 coarse gravel,
12.2-13.7 fine gravel

172 Turners Beach 435810 5441790 15/10/1982 6.1-15.7 3.1 74.7 227 0-0.3 topsoil, 0.3-3.1 clay,
3.1-45.7 gravel and sand, 45.7-74.7 schist

173 Ulverstone 433190 5442160 16/02/1979 38.1 0-0.3 topsoil, 0.3—16.8 clay, 16.8-24.4
decomposed basalt, 24.4 —38.1 slate

174 Ulverstone 433080 5441920 17/02/1979 6l 0-0.3 topsoil, 0.3—15.2 clay, 15.2-29
decomposed basalt, 29-61 slate

175 Ulverstone 428510 5443820 08/03/1978 6.1, 33.5 4.0 36.6 265 0-0.3 topsoil, 0.3-5.5 clay, 5.5-6.1 gravel,
6.1-33.5 soft quartzite, 33.5-38.1 quartzite

176 Ulverstone 430200 5442600 13/08/1979 2.1,5.5 6.1 36.4 0-6.1 sand

178 Turners Beach 435450 5442390 23/09/1965 12.2 16.3 379 260 0-0.5 sandy clay, 0.5-0.8 sand, 0.8-9.1 sand
and silt, 9.1-16.3 sand and rounded gravel

179 Ulverstone 427890 5444520 28/10/1982 13.7-27.4 12.2 6l 379 0-0.3 topsoil, 0.3—12.2 clay,
12.2-27 4 basalt, 27.4-61 schist

180 Ulverstone 433510 5442640 16/02/1983 6.1, 27.4 3.1 549  60.6 0-0.3 topsoil, 0.3—12.2 brown clay,
12.2-27.4 basalt, clay, 27.4-53.4 basalt
53.4-54.9 quartz gravel

181 Ulverstone 433400 5442650 18/03/1983 6.1, 27.4 51.9 91 0-0.3 topsoil, 0.3-12.2 clay,
12.2-27.4 decomposed basalt,
27.4-47 3 basalt, 47.3-51.9 schist

182 Ulverstone 432890 5442780 18/02/1983 15.2 0-0.3 topsoil, 0.3—15.2 loose basalt

183 Ulverstone 432510 5442500 19/02/1983 9.1 0-0.3 topsoil, 0.3-9.1 loose basalt

184 Ulverstone 432310 5442440 19/02/1983 0.3-45.7 857 227 0-0.3 topsoil, 0.3—12.2 loose basalt,
12.2-18.3 clay, 18.3-70.8 basalt,
70.8-85.4 quartz gravel

185 Ulverstone 427280 5445210 13/05/1983 18.3-274 3.7 29.3 227 0-1.2 topsoil, 1.2-9.1 clay, 9.1-12.2 clay,
shingle, 12.2-29.3 basalt
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Site Location AMG  AMG Date DWS SWL TD  Output Salinity Driller's logs

ID (E) (N) Drilled (m) (m) (m)  (I/min) (mg/l) (m)

186 West Gawler 427280 5441200 08/01/1984 71.4 0-0.3 topsoil, 0.3—1.2 clay, 1.2-36.6 basalt,
36.6—48.7 clay, 48.7-88.3 basalt,
88.3-91.4 quartzite

187 West Gawler 428700 5440860 10/04/1984  48.1 1.6 57.8 15.2 0-0.3 topsoil, 0.3—48.1 mudstone,
48.1-57.8 shale

188 Ulverstone 432610 5442640 12/11/1984 15.2,274 9.1 30.4 30.3 0-0.6 topsoil, 0.6-9.1 clay, 9.1-15.2 loose
basalt, 15.2-30.4 basalt

189 Ulverstone 432800 5442640 13/11/1984 9.1-30.4 6.1 32.9 9l 0-0.6 topsoil, 0.6—10.7 clay,
10.7-18.3 decomposed basalt,
18.3-32.9 basalt

190 Ulverstone 432500 5442600 10/12/1984 21.3-27.4 12.2 27.4 37.9 0-0.3 topsoil, 0.3-21.3 clay,
21.3-27.4 decomposed rock

191 Ulverstone 427580 5444430 12/02/1985 6l 30.5 67.1 19 0-0.3 topsoil, 0.3-6.1 clay,
6.1-67.1 mudstone

192 Ulverstone 426890 5444500 10/02/1988  25.9 9.1 304 455 0-0.3 topsoil, 0.3-7.0 soft mudstone,
7.0-30.4 mudstone

193 Ulverstone 429200 5442700 1986 72

194 West Ulverstone 427990 5444830 0.45

195 West Ulverstone 427080 5445200 12.97

196 West Ulverstone 427500 5445350 1.3 630

197 East Ulverstone 432970 5442800 0

198 West Ulverstone 428090 5443790 6.4 105

199 Castra Road 431970 5441430 01/12/1988 39.6 13.72 427 106 130 0-1.8 soil, clay, boulder, 1.8—15.2 clay
15.2-16.8 soft mudstone,
16.8-34.1 mudstone, 34.1-39.6 red and
brown clay, 34.6-42.7 bluestone

200 Castra Road 432120 5441350 03/12/1988 21 4.51 27.4 114 350 0-3.1 white sand, 3.1-27.4 sandstone

Water bore localities have not all been field checked and may be only approximate in some cases. All grid references are AGD66 datum.

DWS  Depth water struck
SWL  Standing water level
TD Total depth of hole
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APPENDIX 6

Log of diamond drill hole, Ulverstone

Hole drilled:  December 1990

Location: Von Bibras Road, AMG reference 430 400 mE, 5 441 500 mN (data point 158)

From To Recovery Description

(m)  (m) (m)

0 .1 0.98 Red brown clay (thin zone at beginning with roots).

I.1 1.7 0.56 Light brown and red mottled clay, sandy texture (igneous).

1.7 2.5 0.53 As above.

2.5 4.0 .1 Reddish brown clay, igneous texture becoming firmer.

4.0 55 0.70 As above, some remnant jointing, black lining on joints.

5.5 7.0 1.40 Light brown to pink clay, sandy texture (igneous), jointing visible.

7.0 8.5 1.57 As above except for 0.1 m of unweathered basalt at 0.43 m from start of run.

85 10.0 0.94 Pinkish clay, igneous texture, one 40 mm piece of unweathered basalt.

10.0 115 1.43 0.4 m of above (pinkish clay), 0.1 m grey clay with igneous texture, 0.35 m brown clay
with igneous texture and white speckles, followed by grey weathered basalt.

1.5 13 1.04 Grey and brown clay, igneous texture.

13 14.5 1.48 Light grey brown clayey material (weathered basalt), zones with white spots (vesicle fillings).

145 16.0 1.48 As above.

160 17.5 1.34 As above, some zones with cream-coloured seams (weathered secondary mineral?)
and networks.

175 19.0 1.46 As above with cream coloured seams and networks.

19.0 20.5 1.65 As above with some darker grey zones, large weathered vesicle fillings in centre of run.

20.5 22.0 1.5 Slightly darker grey brown weathered basalt (clay with igneous texture), 60 mm section of
unweathered basalt at 21.2 m.

220 235 1.45 Light grey-brown deeply weathered basalt, joints becoming visible (clay with igneous texture),
one 60 mm zone of unweathered basalt in the middle of run.

23.5 25.0 I.14 Dark grey very weathered basalt, weathered vesicle fillings, some unfilled vesicles.

25.0 26.5 1.42 Dark grey very weathered basalt, some zones are less weathered, white vesicle fillings.

26.5 28.0 1.42 Mid to dark grey weathered basalt zones of fine-grained greenish material at beginning of run,
possible thin sedimentary layer at 27.5 m.

280 295 1.52 First half of run mid grey and brown tuff, breccia or basalt with xenoliths. Final half is dark grey
to black weathered basalt with white vesicle fillings and occasional white seams.

29.5 31.0 1.44 Dark grey to black basalt, slightly weathered, vesicles common in some zones
(up to 10 mm across).

31.0 325 1.60 As above, less vesicles, final 0.15 m light grey green sediments (fine).

325 340 1.52 0.88 m light grey fine-grained sediments (or tuff?) followed by light grey to brown deeply
weathered basalt or tuff/breccia, zones of vesicles.

340 355 1.48 Brown to grey basalt, deeply weathered for first 0.6 m (zones with vesicles) followed by grey
basalt, little weathering, some vesicles.

35.5 37.0 .48 Dark grey to black massive basalt, little weathering, occasional vesicles, 3—4 joints, weathered
zeolite on joint surfaces.

37.0 385 1.5 As above (basalt), 4-5 joints.

38.5 40.0 1.36 As above, thick white seams on joints.

40.0 415 1.52 Dark grey vesicular basalt, more weathered than above, vesicles mainly open some filled,
0.18 m of brown weathered basalt in middle of run.

41.5 430 1.31 Dark grey vesicular basalt, weathered vesicles partially filled, brown weathered zone in middle
of run.

43.0 445 1.55 Dark grey to black basalt, slightly weathered, occasional vesicles (filled), 8—10 joints.

445 46.0 1.28 As above, less vesicles, 6—8 joints.

46.0 475 1.26 Brown and grey more weathered basalt, some vesicles (filled).

475 49.0 1.52 Brown weathered basalt, some fine-grained brown zones (sediments for weathered zeolite?) in
a deeply weathered section.
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From To Recovery Description

(m)  (m) (m)

49.0 505 1.55 Brown weathered basalt with vesicles (filled and weathered).

50.5 52.0 1.50 Dark grey, less weathered basalt (brown as above for first 50 mm at beginning), variable
concentration of vesicles.

52.0 535 1.50 Dark grey to black massive basalt, minor weathering on joints, occasional filled vesicles.

53.5 55.0 1.48 As above, 34 joints.

55.0 56.5 1.55 As above, 2-3 joints.

56.5 58.0 1.54 As above, 2-3 joints.

58.0 59.5 .46 As above, few vesicles.

595 61.0 1.63 As above, few vesicles.

61.0 62.5 1.50 As above for first part, final 0.45 m is more weathered and vesicular, a few joints.

62.5 64.0 1.50 Dark grey to black slightly weathered basalt, vesicular, zone of zeolite across core at 63.8 m.

64.0 65.5 1.50 Dark grey to black weathered basalt, vesicles becoming less common.

65.5 67.0 1.48 As above, few vesicles, slightly weathered basalt.

67.0 68.5 1.50 As above, final half has filled vesicles (white), basalt slightly to moderately weathered.

68.5 70.0 1.52 Variably weathered basalt with vesicles, less weathered at end.

70.0 71.5 1.55 Slightly weathered basalt, occasional vesicles, fractured in parts.

71.5 73.0 .55 Dark grey-black basalt, fractured, 40 mm weathered basalt at end.

73.0 745 [.45 Fractured basalt, occasional unfilled vesicle

745 76.0 1.48 As above, less fractures.

760 77.5 1.48 Fractured basalt, dark grey to black, occasional unfilled vesicles.

775 79.0 1.43 As above, less fractured.

79.0 80.5 1.49 As above for first part, final 0.66 m is vesicular, weathered and fractured basalt.

80.5 82.0 1.45 0.8 m vesicular and weathered basalt, becomes less weathered but still slight to moderate
weathering in the basalt (dark grey black, filled vesicles common at end).

82.0 835 |.4? Dark grey-black vesicular weathered basalt, white vesicle fillings.

83.5 85.0 1.45 Dark grey-black basalt, slight to moderate weathering, vesicles variable in concentration,
some filled, some unfilled.

85.0 86.5 1.40 First 20—-30 mm scoriaceous basalt, then light brown grey gravelly zone for 20—30 mm followed
by 80—100 mm of sandy material then becoming finer grained (light brown and grey
mudstone/siltstone).

86.5 88.0 1.5? Light brown-grey sediments, broken 0.55 m fine-grained followed by sandy and silty sediments.
Final material may be tuff?

88.0 END OF HOLE

Vesicle infill at 42 m was determined as chabazite (by XRD)

Palynology of clay sample at 87 m indicates a probable middle Eocene age

Whole sample XRD at 87 m gave 45% kaolinite, 30% quartz, |5% montmorillonite, 10% mica and 2% gibbsite
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APPENDIX 7

Palynology report — Ulverstone diamond drill hole.
Sample 87 m depth (Palynology Number P1045)

by S. M. Forsyth

The microflora contains several species that begin their
ranges within the Malvacipollis diversus Zone. These include
Ischyosporites gremius, Meaupreaidites elegansiformis,
Proteacidites pachypolus, Kuylisporites waterbolkii and
Foveotriletes balteus. According to Partridge (1973) the last
three species first appear in the Bass Basin in the Upper
Malvacipollis diversus Zone. Santalumidites cainozoicus appears
first within the Upper M. diversus Zone and Nothofagidites
asperus within the overlying Proteacidites asperopolus Zone.

Species which appear first in the Nothofagidites asperus Zone
are not common but include Polycingulatisporites simplex or
Quintinia-type pollen, Foveotriletes palaequetrus,
Rugulatisporites trophus and probably Matonisporites
ornamentalis. Nothofagidites falcatus may be present.

An upper age limit is suggested by the common occurrence of
Stereisporites (Tripunctisporis) sp., which in the Bass Basin
ceased to be common above the Middle Nothofagidites asperus
Zone but extends into the Proteacidites tuberculatus Zone.
Ischyosporites gremius and Proteacidites pachypolus do not range
above the Nothofagidites asperus Zone and Santalumidites
cainozoicus does not range into the Upper N. asperus Zone.
Within the Bass Basin Rugulatisporites trophus similarly does
not range into the Upper N. asperus Zone and
Polycingulatisporites esobalteus terminates within the Middle N.
asperus Zone.

No quantitative work has been carried out but qualitatively
the microflora appear to post-date the reversal of the
Haloragacidites harrisii/Nothofagidites spp. ratio, which occurs
at or below the boundary between Proteacidites asperopolus
Zone and the Nothofagidites asperus Zone.

Assuming no facies effects, the microflora appear to be of
younger aspect than those of the Tamar region.

In the Tamar the undifferentiated Upper M. diversus Zone—
Proteacidites asperopolus Zone contains abundant
dinoflagellates, more common to abundant Proteacidites
pachypolus occurrences and probably lacks Santalumidites
cainozoicus. The Ulverstone microflora is of older aspect than
Nothofagidites asperus Zone occurrences reported from the
Longford Basin (Matthews, 1983), which lack P. pachypolus
and probable Upper N. asperus Zone microfloras from the
lower part of the largely volcanic sequence of the Hellyer
region (Brown and Forsyth, 1984; Baillie, 19874, b, c; Baillie
and Green, 1988, 1990) and Corinna—Lower Pieman area
(Morgan, 1987). Proteacidites pachypolus is a component of
Nothofagidites asperus Zone microfloras west of Ross
(Forsyth, 1989a) and near Avoca.

Overall the microflora can best be correlated with an interval
close to the Proteacidites asperopolus Zone/Nothofagidites
asperus Zone boundary. An interval within the N. asperus
Zone is indicated but the rarity of N. asperus Zone indicators
and absence of others suggest that the interval is very

certainly older than Upper N. asperus Zone. Following
Partridge (1976), the microflora is of Eocene, most probably
Middle Eocene age.

The strata at 87 m depth in the Ulverstone bore are
significantly older than sub-basalt strata near Sheffield
(Forsyth, 1989b), the Wesley Vale Sand (Cromer, 1980) and
some strata interbedded? with basalt along the line of the
new Howth—Penguin highway. Morgan (letter 23 February
1987) noted that lower N. asperus Zone strata underlay the
Thirlstane Basalt in Olivers bore. Strata underlying basalt
near Selbourne is probably older than that at Ulverstone.
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APPENDIX 8
The petrology of some basalt samples, Ulverstone diamond drill hole

by R. S. Bottrill

Two rock samples from the Ulverstone diamond-drill hole were submitted by W. L. Matthews for mineralogical examination.

Sample — 21.3 m

In hand specimen this sample is rather massive, dark grey and fine grained, a typical basalt. Some amygdular-type patches of clay
minerals are present, and fine white spots probably represent feldspars.

In thin section the sample is basaltic in composition, with a hypocrystalline (i.e. semi-glassy) texture. The coarsest phase is
olivine (~15%), as euhedral to subhedral phenocrysts to 0.5 mm, partly altered to ‘iddingsite’. The groundmass is largely fine
plagioclase (~25%; ~Anyo_so), as non-orientated laths. Interstitial to these minerals are very fine grained pyroxenes (titaniferous
augite; euhedral-anhedral; ~25%), olivine (anhedral; ~5%), glass (dark brown; ~25%) and opaque minerals (magnetite?;
dendritic; ~5%) in an intersertal to intergranular texture.

A few vesicles are present, now filled with clay minerals. Alteration is abundant, ~5—-10%, mostly of olivine, but also of the
groundmass (excluding plagioclase).

Sample — 74.5m

In hand specimen this sample is rather massive, black and fine grained, another typical basalt. It appears relatively fresh but some
patches of clay minerals are present, and olivine phenocrysts to a few millimetres are also present.

In thin section the sample is basaltic in composition, with a holocrystalline (i.e. fully crystalline) texture. The coarsest phase is
olivine (~10%), as euhedral to subhedral phenocrysts to ~2 mm, partly altered to ‘iddingsite’. The groundmass is largely
composed of fine plagioclase (~65%; ~Anyg_5q), as flow-lineated laths. Interstitial to these minerals are very fine grained
pyroxenes (titaniferous augite; euhedral-anhedral; ~20%), olivine (anhedral; ~3%), and opaques (magnetite?; dendritic, ~5%) in
an intergranular texture.

No vesicles were observed. Alteration is abundant, ~5-10%, mostly of olivine, but also of the groundmass (excluding
plagioclase).
Discussion

The two basalt samples are probably similar in bulk composition and co-genetic, but differ in texture. The sample from 21.3 m
probably formed nearer the top of a flow, cooling rather rapidly, while the sample from 74.5 m appears to have cooled more
slowly, crystallising fully.
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