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22. Investigation of a landslip at St Leonards. 

C.J. Knights 

W.L. Matthews 

A slow-moving, elongate landslip has occurred in Tertiary sediments on 
the slopes above the St Leonards township and about 1.5 km north- east of the 
North Esk River {EQ173107). The heel of the slip is just below two reservoirs 
that supply water to the St Leonards Municipality and the East Tamar. This 
report describes the aims and results of a programme of investigation which 
was undertaken during the winter of 1973. 

GENERAL GEOLOGY 

The geology of the Launceston area has been mapped by Longman et a1., 
(1964) and during a survey of unstable land in the Tamar region more detailed 

mapping was undertaken by the writers and S. Elmer . The distribution of the 
various rock types is shown on Figure 53. 

The ridge above the slip is capped with basalt which is probably a rem­
nant of a lava flow filling a valley which had a gradient towards Launceston 
from the north-east . Underlying the basalt is a quartz-sand and gravel dep­
osit which is probably a pre- basalt stream bed or terrace material around the 
vall ey . This material is exposed in a quarry on the north end of the ridge, 
and is also seen on the south end of the ridge, but its presence is not ob­
vious around much of the slope above the slip except for float downslope. 
Clay, sand and silty clay of the Tertiary Launceston Beds underlie the sand 
and gravel. These beds were deposited on an uneven surface of older rocks, 
the main exposures of which in the surrounding area, are of Jurassic dolerite 
although a small area of Permian sediments was mapped by Longman between St 
Leonards township and the North Esk River . Bauxite and laterite often occur 
around the contacts of the dolerite and the Tertiary sediments. 

Flood plains up to one kilometre wide arounc. the North Esk River are 
underlain by alluvium . At least two levels of terrace gravels occur above 
the flood plain, the lower one being almost certainly Quaternary in age where­
as the upper may be Tertiary or Quaternary. When the drainage of the pre­
basalt valley was disrupted by the extrusion of the basalt which filled the 
valley, gravel beds could be expected to be deposited near the margins of the 
filled valley. Rounded dolerite gravel to the north of the slip may also be 
a r esult of this stream diversion . 

GENERAL STABILITY 

Signs of old landslips abound in the area around the reservoirs. The 
approximate positions of the heels of these slips are shown on Figures 53 and 
54. The presence of ZOnes of internal drainage suggest that some of the move­
ments were rotational, but their age is unknown . In the case of two Slips , 
one north of the slip investigated, the other south of the entrance gate to 
the reservoir area the positions of their toes are clearly shown. These slips 
a re relatively recent and may have occurred about twenty years ago. During 
the last four years, three new s lips north of the one threatening the reser­
voirs, have commenced movement. The slips are of the earthflow type but ex­
cept f or the one most distant from the reservoirs, little movement has occ­
urred. 

The situation of basalt capping a hill underlain by Tertiary sediments 
is often associated with unstable conditions. Springs from~ear the base of 
t he basalt add to the effects of r ainwater and can cause s lips at the edge 
of the basalt and slip movement often includes the rotation of large blocks 
of basalt. As at St Leonards, basalt talus on the slopes below the basalt is 

174 



.... 
~ 

U> 

OF 
ST LEONARDS 

W.l.MATTHEWS 
QUATERNARY 

~ Alluvium 

~~;ii~~fl So .. 11 1.1 .. 

I: :oit::1 Dolerit. talus 

T tno,. grav.1 

lattrit. 

~ • .fT9," Grovel (dolerit. b..lde,,) 

[' <Tb::j So .. h 

~ !Tg(: I Granl and quartz SGnd 

Td Clay etc (loulluston Beds) 

Dolerit. 

PERMIAN 

[~'l;~l Sediments 

Gtologicol bounda~ 
- approxima. position 

/\ Old slip "" R~.ntly activi d,p 
" Slip-like breaks in topography I , 

Figure 53. 

Ikm 

5cm 



GEOLOGICAL MAP OF SLIP AREA ST LEONARDS 
5cm GEOLOGIST: W.L.MA TIHEWS 

QUATERNARY 

~ Basalt talus 

TERTIARY 

EB Basalt 

I OoT9S~1 Sand and grovel 

O Cloys etc 
Tel 

(Lounceston Beds) 

• 

Loterit. 
I (with some bauxite) 

Contour interval of 20m 

1"\ Adive slip heel 

(\ Old slip heel 

r" 
I \ Slip-lik. breaks 

A • B . 
• Sect.on lin • 

~ Seismic spread 

BH29. Borehole 

P2. Resistivity probe 

0 100 200 
I I I 

in topography 

and number 

300 400m 
I I 

SECTION THROUGH LANDS LIP AREA 
USING DRILLING RESULTS 

(Surface cover of basalt talus not shown) 

t,:, ~,"'l Tertiary basalt 

W@mmj Tertiary grovel 

IIIIIIll Blue-grey cloy 

• Sandy silty cloy 

300m l 300m 

t~~~~~~B~H~3;O~~~~~~~~ 200m 200m 
Hili of slip 

? 100m 100m 
? 
. Old.. rocks - dolerite and possibly Permian 

AL---------------------------~B 

TASMANIA DEPARTMENT OF MINES 

FIGURE 54 

1 P3-} 

ENLARGEMENT OF ST lEONARDS SLIP 

0; 

'" 

T.<?DlO - /74 _ .;)/'8 

0 
0 

Q; 

" 

) 
') 

-4189-39 

Tech.Rep.Dep.Mines Tasm. 20. 



60 ElEVATION (m) 

150 

• 

140 

130 

/ 
I 
I 
\ 
I 
I 
I 
I 
\ 
\ 
\ 
\ 

16 
. .......... 

\ 
\ 

\ 
26 \ 

. . \ 
\ 
\ 
\ , , 
I 
I 
I 
I 
I 
I 
I 

TASMANIA DEPARTMENT OF MINES JANUARY 1975 

FIGURE 55 

15 

14 

-------,--

22 

· · · · · · · · · · · · · · · · · · · · · · · 23 
· • · · · · · · · · · · · · · · · · · • · · • • - " ~-\ 24 

,. ,-
· · · • · · · · , 

· 

ST LEONARDS 

3 10 

..... 

LANDSLIP SIMPLIFIED DRILL LOGS 

. . . . . 
27 

GEOLOGIST C.J .KNIGHTS 

• 

2 

.... ... 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

," .... . 

·>.:· ... 0. 
.. 1) .. : 

:.6:: 
':~ :(:)," 

. ~:: 

.. 

• 

· . 

9 ... :. .. 
:~/:O.> 
.... ~ ..... (:; .. 

.:~:/~'~. 

• . . . 

10m 

19 

• 

.. .. 

· · -· Ii 

\ 
\ 
\ 
I 
I 
I 
I · . · · · · · · · · · · · · • · 

25 
· • · 

~ · · · · · ; _1 .. ~, · · · · · · · . · · 
~~ 
~' , , 

SUPERIMPOSED EDGE OF SLIP - -

I ~:::<J:· .. :·.I Bc.JSalt clay or fill, 
.·.·.0 . '; .. ' WIth boulders 

Blue-grey clay 

~ Yellow-brown clay 

ffiIIIJ Red-brown clay 

~ Soft material 

1= ! .::;.q Fissured clay 

I'::: :1 Sandy . . .. 
Water entry 

· . 
5 

0'L------c5~--...,I:-!Om 

Scm 

38504-39 

Tech.Rep.Dep.Mines Tasm. 20. 



in a continual process of disintegration by weathering so that water which 
runs freely through patches of boulders will be trapped by zones of clay. 
In this way pore pressures build up, the clays become softened and the weath­
ered talus is no longer stable. Water trapped by the talus can also be forced 
into weaknesses in the underlying sediments so that these sediments are also 
more likely to become unstable. At St Leonards there are no known seepages 
directly underneath the basalt but some do occur further downslope. All the 
other effects are probably operative. 

The Tertiary clay beds of the Launceston area are overconsolidat ed 
and have suffered weakening due to rebound. The highly plastic clays are 
most susceptible to this process which when combined with weathering processes 
can locally reduce the strength to the fully softened (cohesion = 0) condit­
ion. 

HISTORY OF MOVEMENT AND PREVIOUS REPORTS 

The reservoirs have been in position for about 20 years and their in­
stallation required some excavation into the slope, which has an angle of 
about 12-15°, so that a flat area could be formed. About 13 years ago a slip 
occurred that was thought by Rivers and Water Supply Commission workmen to be 
only in the spoil dump material from the excavation. The slip involved a 
considerable volume of material and was situatea on the southern shoulder of 
the area at present slipping. 

The first movement of the present slip occurred in 1968 and took place 
about the same time as a leakage in a concrete drainage pipe from the reser­
voirs and it was thought' likely that this leakage initiated the slip. The 
concrete pipe was replaced by a steel pipe. 

The slip was first examined by P.C. Stevenson of the Department of Mines 
in October 1968, and in 1970 some remedial measures were taken which included 
the digging of french drains through the slip, surface drainage of slip frac­
tures and planting of trees on the slip material. These measures were sugg­
ested by P.C. Stevenson. The intrusion of stock into the slip area prevented 
the trees from becoming established. Later, a small slip occurred uphill 
from the main discharge and drain pipes about 15 m north of the northern res­
ervoir. 

In February 1972, a short heavy downpour of rain (~20 mm) after an ex­
tended dry period caused further movement in the slip and seriously disrupted 
the french drains. The movement extended about 40 m further down the slope. 
Later that year, the surface of the slip was remoulded and flattenecl. by the 
use of a bulldozer, a diversionary pipeline was installed uphill from the 
reservoirs and one reservoir was emptied. 

During June and July 1973 after heavy rains and observed rises in the 
piezometric surface, movement recommenced and the dimensions of the slip at 
that stage were approximately 160 m x 75 m and the heel of the main slip was 
within 14 m of the northern reservoir. 

In early 1974, lined drains were installed above the heel of the slip 
and above the reservoirs to intercept runoff coming from uphill areas. Mon­
itoring instruments were installed by the Rivers and Water Supply Commission 
near and on the reservoirs for early detection of movements that would affect 
the water supply. The slip surface was again smoothed off and movement took 
place again during the winter of 1974. 

¥revious reports concerning the slip were written in 1972 for the 
Rivers and Water Supply Commission by Matthews (1974) and a little later by 
Stevenson (1972). 
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AIMS OF THE DETAILED INVESTIGATION 

The aims of the detailed investigation were: 

(1) To obtain a general idea of the stratigraphy of the slip area 
and classify the material by visual description and Atter­
berg limits . 

(2) The location of subsurface water- bearing horizons and the de­
termi nation of their extent, depth and origin; the monitor­
ing of water pressure and estimation of the transmissivity 
of the material . 

(3) The determination of values of cohesion (c~) and angle of in­
ternal friction ( ~ ~) from strength tests, and the location 
of soft zones. 

(4) To undertake a topographic survey of the slip area to aid in 
str atigr aphic corre l ation of bore holes, correlation of 
groundwater , piezometric surfaces, location of slip and fiss ­
ures and the monitoring of changes in the shape of the land 
sur face. 

(5) The subsurface monitoring of slip movement to obtain inform­
ation on the depth of unstable material. 

(6) The observation of the slip and surrounding areas especially 
in wet periods noting drainage patterns, opening of cracks 
and surface movement . 

(7) The determination of the clay mineralogy and its relation to 
other soil properties. 

(8) To i nvestigate the groundwater chemistry and also the possible 
effects of the groundwater on the exchangeable ions in the 
clays with which it comes into contact. 

(9) To recommend remedial measures for the protection of the res­
ervoirs and obtain information which may be applied to other 
unstable areas. 

(10) To determine whether geophysical methods are of value in land­
slip investigation. 

RESULTS OF DRILLI NG 

Twenty-seven auger holes about 100 rom in diameter , totalling about 200 
m were drilled on and around the slip the establish the geological sequence 
and a l so for the i nstallat i on of various measuring devices. Detailed bore 
l ogs are given in Appendix 1 and a simplified version of twenty holes is 
shown on Figure 55. During the drilling undisturbed and disturbed samples 
were collected at var ious l evel s for the tests described later,. 

Four main strata have been recognised. 

Description 

Basalt talus. 
Upper blue-grey clay. 
Red- brown fragmental clay , often very sandy and silty. 
Lower blue-grey clay . 

Bas al t tal us 

Thickness (m) 

0-3 . 25 
0- 6 . 5 

10 

Basalt talus and quartz pebbles from the gravel underlying the basalt 
form a cover of up to about 3 m thick overlying the Launceston Beds . In is ­
olated areas , the cover is very thin or absent. Landslips have p r obably been 
mai nly responsible for the distribution of these deposits on the slopes . The 
talus deposits consist of brown basalt soil, brown plastic clay and basalt 
boulders . 
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Blue-grey clay 

The upper and lower blue-grey clay units are similar in lithology and 
range from stiff plastic clay to silty clay with a slightly fragmental nature. 
The upper unit is more often heavily stained with iron oxides than the lower 
clay beds. I n zones where these clay beds are soft, there are often silty 
yellow bands and irregular patches. These clay beds are commonly fissured 
and have numerous shiny slip surfaces which are probably related to compact­
ion rather than to landslip movement. The fissures may be several centimetres 
long or small fish-scale liYe structures . Towards the surface these fissures 
are able to open and allow percolation of water (e.g. Holes 3 , 7, 15). Fiss­
ures are also significant in that they provide zones of low cohesion. 

Both the upper and lower blue-grey clays almost invariably have 65-75\ 
of clay size material while the silt size content ranges from 17-27\. The 
sand size content ranges more widely from 1-14% (fig. 56-61). One sample of 
blue-grey clay at 2.9 m in Hole 7 is anomalous and is more like the sandy 
silty clay horizon (fig. 56- 60) . 

Red- brown sandy clay 

Between the upper and lower blue-grey clay beds is a sandy silty clay 
bed which is probably about 9 m thick and dips downslope at an angle of 7-8 0 

(fig.62 ) . It may vary in thickness laterally. It was postulated from the 
dip of this bed that if it was persistent over a considerable distance, it 
should come close to the surface under the flat area uphill from the reser­
voirs . A hole (30) was subsequently drilled (fig. 54) in this area and the 
top of the bed was struck at about 8 m from the surface . It couin thus come 
into con tact with the gravel underlying the basalt. The projection of this 
bed is shown in the section on Figure 54. The dis~urbed ~amples of this hori­
zon are very fragmentary and undisturbed samples are friable. The sand size 
particles consist of weathered feldspar and quartz. Some magnetite is pres­
ent and kaolin and a trace of montmorillonite have heen recognised under the 
microscope (G.B. Everard, pers. comm.). 

The sizing of the material indicates a range in clay size content from 
36-56\, silt size from 19- 34%, and sand size from 18-45\ (fig. 56- 60). 

At various levels throughout the upper blue-grey clay and sandy silty 
clay there are variable amounts of iron oxide staining, limonite and hematite 
concretions, and in Holes 8 and 17 further drilling was prevented by hard 
limonite horizons. Concretions of travertine and thin layers of crystalline 
calcite also occur in these two upper strata and travertine is occasionally 
present in the lower blue-grey clay. OOlites of limonite about one milli­
metre in diameter occur in the lower blue-grey clay in several of the holes. 

ATTERBERG LIMITS 

upper and lower blue- grey clay 

A p l ot of Atterberg limits versus per cent clay is shown in Figure 63 
The blue- grey clays plot in a restricted area for both plasticity index and 
liquid limit. This is particularly striking when compared with other Tamar 
clay (see also Appendix 3). 

Red- brown sandy clay 

This material shows scatter on a plot of Atterberg limits versus per 
cent c~ay but generally has less than 50% clay and a low plasticity index 
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and liquid limit. Remoulded residual strength tests show these clays to 
have a ~; of 23° compared with the blue-grey clay samples tested which have 
a $; of 15-16°. 

Basalt- derived clay 

Atterberg limits show normal to high plasticity. 

Results of soil classification 

The blue-grey clays and red-brown sandy clays plot in distinctive areas 
on the graphs of plasticity index (PI) versus per cent clay and liquid limit 
(LL) versus per cent clay (fig. 63) and these differences are reflected in 
their residual strength. However when plotted on a Casagrande diagram (fig. 
64) the difference between the two materials is not so well marked. 

All the clays tested plot in the soil classification zone CH, i.e . in­
organic clays of high plasticity, but only the blue-grey clays have liquid 
limits above 95\. When compared with Atterberg limits for clays from other 
areas (fig. 64) some of the blue-grey St Leonards clays have noticeably high 
LL and PI. This indicates that they are 'fat clays' with very high plastic­
ity, high dry strength, high compressibility and very low permeability (ex­
cept through fissures). Such clays are highly susceptible to progressive 
failure and have zero effective cohesion. 

Classification results are given in Appendices 1 and 2. 

STRENGTH OF MATERIALS 

The following methods have been used for testing the strength of mat­
erials at St Leonards: field vane, triaxial quick undrained, triaxial con­
solidated undrained and shearbox drained tests . 

Fi eld vane tes ts 

The instrument consists of a four-bladed vane, fastened to the bottom 
of a vertical rod. The vane and rod can be pushed into the clay and a torque 
applied through a calibrated spring until the clay shears along a cylindrical 
surface . Strength values can be read directly from the indicator on the cal­
ibrated spring. If the vane is rotated rapidly through several revolutions 
the soil becomes remoulded and residual strength values can be obtained. 

Vane strengths are theoretically equivalent to ccu, from a consolidated 
undrained triaxial test . Sensitivity (St) is equivalent to splsr. The field 
vane test enables the rapid measurement of field strength and sensitivity, 
which is especially useful for samples which are likely to become remoulded 
during sampling and transport. However, remoulding of a sample by vane , and 
remoulding in a laboratory are different, and the sensitivity values are not 
strictly comparable . Vane test results are recorded with the drill logs 
(Appendix I). 

The sensitivity of the blue-grey clay was generally between 2 and 4 
i.e . the clay was moderately sensitive. 

Triaxial quick undrained tests 

In this test the clay is sheared rapidly and no drainage is allowed. 
Because there is no drainage any increase in confining pressure on a fully 
saturated sample is matched by an equal increase in pore pressure, so that 
strength does not increase with an increase in confining pressure and is 
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partly controlled by the moisture content of the sample. Strength values 
obt ained from these tests are suitable for the analysis of conditions of rapid 
loading , i.e. ~ = 0 conditions, but are not really suitable for analysing long 
ter m landslip conditions . Results are recorded in Appendix 1. 

Consolidated, undrained triaxial test with pore pressure measurement 

This test gives effective stress and strength values (c~ and ~~) which 
can be used to evaluate drained conditions. Only one series of these tests 
has been done for the St Leonards clays. 

The material was a grey silty clay with dendritic fissures. Test re­
sults were: c~ = 15; ~= 18° . Failure followed the natural fissures (fig . 
65) . 

Fi gure 65. Failure followed natural fissures . 

Drained shear box tests 

This method 
peak, residual and 
residual strength . 
suIts of this test 
obtained. 

of testing provides effective stress parameters for the 
fully softened state . Four samples have been tested for 

One sample was also tested for peak strength, but the re­
are not considered to be reliable and cp and ~p were not 

An undisturbed or remoulded sample is placed in the shear box under an 
approximately normal load and allowed to consolidate in conditions of free 
drainage, for at least 16 houts. 

If peak shear strength values are required, the sample is slowly shearec 
until peak strength is passed. The fully softened strength is considered to 
occur when sample volume, and therefore moisture content becomes constant. 
Residual strengths were obtained using the method of Cullen and Donald (1971), 
In this method the sample is rapidly pre-sheared under normal load, then all­
owed to consolidate for 16 hours before testing. The rate of travel is 9.75 
~m/min or less. Any greater rate was found to affect the values obtained. 

Test results 

Sample 1. Hole 16, depth 2 .7 m. Grey, plastic, silty fissured clay . 
Sample condition: natural . 

The results of this test series are shown in Figure 6&a: 
27° at normal loads of less than 60 kPa; at greater loads, C 
14°. 
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Sample 2. Hole 16, depth 4.6 m. Grey, plastic, silty fissured clay 
with rounded ironstone gravel. Sample condition: natural. 

The results of this test series are shown in Figure 66, b. The values 
are scattered, but a line can be drawn from which c; = 9 kPa, ~;= 12°. The 
one anomalously high value is attributed to the effect of ironstone becoming 
jammed between the box halves. 

Sample J . Hole 16, depth 8.2 m. Grey and yellow plastic, silty fiss­
ured clay. Sample condition: air dried and remoulded. 

The results of this test are shown in Figure 66,c: c; 
Stress paths and volume change are shown in Figure 67. 

0, ¢' 

Sample 4. Hole 27, depth 3 m. Red, brown sandy clay. Sample condit­
ion: air dried and remoulded . 

The results of this test are shown in Figure 66.: c; = B kPa., ¢I ; = 22.5°. 
Alternatively, the results can be interpreted as: c; O,~; = 26° at normal 
loads of less than 97 kPa. Stress paths and volume change are shown in Fig­
ure 67. 

Discussion. Three tests on the blue- grey clays to determine fully soft­
ened strength all gave ~; values of between 13° and 15°. A triaxial test on 
a sample of blue-grey clay gave peak strength values of c; = 15 kPa and ~; 
= 18° . Although these two test methods are not strictly comparable , there 
appears to be a frictional loss of 3_5° from peak strength to fully softened 
strength . 

Samples 1 and 4 both show residual c; values. Generally a failed clay 
is taken to be in the c; = 0 condition, but some workers have made reference 
to significant values for residual c; (Bishop et al., 1971; Cullen and Donald, 
1971) . Alternatively it can be taken that c; = 0 and that some soils have a 
higher angle of internal friction at low normal pressures . Residual c; values 
are probably due to incomplete saturation and hence localised suction press­
ures on the failure plane. On a natural slip plane bubbles of air may cause 
localised suction and some cohesion which maintains a marginal stability, 
until the air bubbles become dissipated. 

The clays of the St Leonards hillside are highly plastic and often 
fissured : both conditions that favour progressive slope failure. Also . there 
are topographic humps and hollows which suggest that much of this hillside 
has already failed. For these reasons the fully softened strength values are 
considered to be the most suitable for analysis. 

SLOPE ANALYSIS 

Slope analysis was used to see if it is possible for the slip to be 
moving on the lower aquifpr at the base of the sandy clay in softened blue­
grey clay, and not just near the surface. Analysis followed the method of 
Bishop (1955). This method employs an effective stress failure criterion and 
allows for normal horizontal forces but ignores the shear forces , between 
slices. These shear forces can be ignored with a loss in accuracy of <1%. 

The formula which Bishop derived for each slice, is tayen on the basis 
that the slip plane is a circular arc. An arc may be fitted along the anti­
cipated slip plane of St Leonards, but only by putting much of it through the 
st:~cnger red clays. Hence the calculated safety factor will be higher than 
it should be. 
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The parameters used in the calculation were: 

Radius of arc: 78 . 4 m 
Pore pressure: Standing water level taken 

of the lower aquifer. 
Strength of blue-grey clay: c~ 9, $~ 

Strength of red- brown clay: c~ 

calculated safety factor: 

8, V 
1.4 

GROUNDWATER 

as 4 m above the base 

0, V 
0, $~ 

1. 00 

Two thin aquifers were encountered during drilling. In the upper aqui­
fer, 2.5-3.5 m below the surface, the water occupied fissures near the top 
of the upper blue-grey clay or in the basalt-derived c lay. The lower aquifer 
was near, or at the base of, the red-brown sandy clay at depths of about 8-
9 m. 

Piezometers were installed in Holes 3, 7, 11 and 13 to measure pore 
pressure. Pump tests were undertaken to measure recharge rate and radius of 
influence. 

Piezometric readings 

Upper aquifer. Stand pipes were installed in the upper aquifer during 
early July 1973. Peak water pressure was recorned on 8 August 1973 with 1.75-
2 m of overpressure. This coincides approximately with the time that shallow 
slip movement recommenced. Readings taken after the following summer, in 
May 1974, show overpressure to be very low but by June-July it was as high 
as in the previous winter (fig. 68). 

Although water was met at different cepths during drilling, water lev­
els in Holes 3, 7, 11 ancl 13 remain practically identical with each other and 
must be part of an interconnected water system. 

In all the shallow holes, water pressure responded within a oay to 
heavy rainfall. 

Lower aquifer. Piezometric surface contours have been drawn (fig. 69) 
from the standing water level measurements. The surface has a downhill slope, 
thus indicating a downhill flow direction. Holes drilled into the lower aqui­
fer in the slip itself, closed within a few days of being drilled. 

Later, Hole 30 was drilled and Hole 1 re-drilled. Hole 30 is situated 
at the back of a large flat area 450 m uphill from the presen't slip and inter­
sected the aquifer at about 8.8 m. 80th holes were monitored from December 
1974. The results are shown in Figure 68 together with a graph of weekly 
rainfall totals. 

The results show that there is a considerable time lag between high 
rainfall, and pore pressure increases in the lower aquifer, and that this is 
shorter for Hole 30 which is high on the hill than for Pole 1, adjacent to 
the slip. The fall time lag after the end of winter rain is about four weeks 
for Hole 30 and fourteen weeks for Hole 1. The rise time lag is less: the 
level in Hole 30 rising about one month ahead of Hole 1. Water pressures be­
neath the slip are at their maximum in November and December, and this must 
be considered the most dangerous period in respect of deep slip movement. 

192 



Recharge 

Holes 13 and 14, in the upper aquifer were siphoned out in order that 
the recharge rate and radius of influence could be measured. Recoveries are 
shown in Figures 70 and 71. In both holes water was siphoned out to well be­
low the level of the aquifer. Recovery was then linear until the water reach­
ed this level; above it recovery was logarithmic. If the hole diameter is 
taken as being that of the plastic tube (i.e. 63 . 5 mm) then Hole 13 made 4520 
llday and Hole 14 made 4750 llday. 

Radius of influence 

Hole 13 was siphoned to 3.2 m below ground level. Within one hour the 
water level in Hole 11 one metre away, had dropped 130 mm and in Hole 7, three 
metres away, by 25 mm. 

SUBSURFACE MONITORING 

Two methods of subsurface monitoring have been used (fig. 72). 

Standpipe with string 

Some of the augered holes on the slip had plastic tubing installed in 
them. A weight tied to a piece of string was lowered to the bottom of the 
hole . After the slip movement, the pipe becomes crushed where it is affected 
by the slip and when the string is pulled from the surface the weight becomes 
wedged in the crushed part of the pipe. The depth of the slip surface can 
thus be determined . 

This method has two disadvantages. Once the string has been pulled, 
after slip movement has occurred, it cannot be used again so that subsequent 
movement cannot be detected. If the slip moves too much before the string 
is pulled, the string may not move at all. 

The main advantages of this method are its cheapness and simplicity. 
It is most appropriately used in a slow moving slip. 

Tube monitored by strain gauges 

A 32 mm diameter plastic tube was used for this purpose. At intervals 
of approximately 750 mm a pair of paper strain gauges was attached with Aral­
dite to opposite sides of the tube. Wires from each pair of gauges were 
threaded up inside the pipe to a terminal at the top. The strain gauges are 
constructed so that their electrical resistance varies in response to strain 
and these variations can be monitored . The main disadvantages of this system 
is the fairly high cost and as with the other method, if a large movement 
takes place, the tube and wires may be sheared off. It has the advantage 
though that movement can be monitored during a long period over a range of 
depths. 

Results 

Closure depths from the first method are as follows : 

Hole Closure depth 1m) 

22 3.2 
23 3.1 
24 4.3 
25 3 . 8 
28 1.6 
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A strain gauge tube was installed in Hole 21 and monitored between Aug­
ust 1973 and February 1974 . Unfortunately the value of these readings is 
l i mited to some extent because, due to the collapse of the hole , the tube 
reached only 9 m. The surface terminal was destroyed and readings could not 
be taken after February 1974 . The pipe and gauges survived considerable slip 
movement and proved a usef ul monitoring method (fig . 73) . 

Such large strains were recorded by the near surface gauges that they 
went off- scale. This strong movement registered from the surface to a depth 
of 2 . 3 m which is within the range of depths at which the stand pipes closed. 

Below 2.3 m the gauges showed small strains, especially during August 
and September 1973. These strains may be due to small movements or to com­
paction of the gravel packing around the tube . The amount and direction of 
gauge strain do not correlate sufficiently to be caused by instrument drift. 
The patterns of strain in gauges 4- 11 show strong similarities (i . e . the same 
bending direction and this would be more likely to be caused by ground move­
ment than by settlement . 

During the winter of 1973 monitoring showed that major soil movement 
took place in the top 2-4 m of the material. Deeper strain gauges indicate 
the probable existence of small deep movements . Drilling and seismic invest­
igations show possible instability to 10 m (fig . 74) . 

GEOPHYSICAL INVESTIGATIONS 

The methods used included seismic refraction spreads, resistivity trav­
erses , resistivity probes and resistivity traverses down bore holes. 

SeisnUc spreads 

Four seismic spreads with a 3 m geophone interval were fired. Spread 
1 was situated on unfailed ground to the east of the slip while the other 
three were fired across the slip . Of those undertaken on the slip, one was 
situated near the heel of the slip, the second near the middle and the third 
towards the toe (fig. 54) . 

A summary of the seismic results is given below: 

First layer IVO) Second layer IVj) Third layer IV2) 
Seismic Thickness Seismic Thickness Seismic Depth to 
velocity velocity velocity Vj/~ inte r-

Im/s) 1m) Im/s) 1m) Im/s) face 1m) 

Spread 1 305 1-1.3 1280 
Spread 2 245 0.75-1. 8 400 4 . 3- 5 . 5 1265 6 . 1- 7.0 
Spread 3 230 9 . 9 -2.7 425 0 . 6-4 . 0 1220 3 . 2- 5 . 0 
Spread 4 350 1 .1 -2.1 580 2 . 6-4.6 1525 4.3-5.8 

(2285) 
Both on and off the slip there is material with a low seismic velocity 

a t the surface (Vo = 245- 350 m/s). Off the slip , this surface layer is under­
lain by material with a sei smic velocity of 1280 mls which is the only re­
fractor indicated. On the slip, material with a similar velocity is present 
but it is separated from the surface layer by material with an intermediate 
velocity of 400-580 m/s . This is almost certainly the soil disturbed by the 
sl i p and the base of this material would be the base of the slip. The spread 
near the heel of the slip however indicates a deeper zone of slip material 
than would be expected. 

The spread near the toe indicated a high seismic velocity at depth when 
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fired with a 3 m geophone spacing suggesting the possibility of dolerite under­
lying the area. Later a spread with 7.6 m spacing was fired in the same area 
and had a maximum indicated seismic velocity of 1525 m/s. The high velocity 
obtained with the 3 m geophone spacing spread may have been due to a hard 
iron oxide band that may have underlain several geophones. Seismic profiles 
are shown in Figure 75 . In this particular slip it has been possible to de­
termine the appr oximate depth of material involved in the slip using seismic 
refraction spreads . 

Resistivity 
, 

Resistivity traverses from stable ground acro~s the slip to stable 
ground on the other side did not yield any significant results. There were 
areas of higher resistivity where the ground was buckled (and dried out) and 
lower resistivity in the low poorly drained areas, which is the expected sit­
uation . 

Four probes were set out at various points on and around the slip (fig . 
54 . The results are shown in Figure 76. The material of the slip has a 
slightly lower resistivity than the disturbed material on the slip. This 
again is probably due to larger voids in the slip material near the surface, 
thus increasing resistivity. 

Resistivity in drill holes 

Where possible, the resistivity of the material in the walls of drill 
holes was measured using a probe with a Wenner configuration and with alSO 
rom electrode separation . The probe was lowered to the bottom of each hole 
and the value of the resistivity was measured at 305 mm intervals. The re­
sults are plotted against the lithologic log (fig. 77) and although nothing 
very conclusive can be gained from them there are peaks of resistivity around 
o r slightly above the contact of the lower blue- grey clay and the friable red­
brown sandy material . These p~aks in resistivity may also reflect the depth 
to the slip surface , the information it was hoped would be gained from these 
measurements. 

GROUNDWATER CHEMISTRY 

Water samples were collected from six of the holes and a chemical analy­
sis was performed on each of these samples. The analyses (table 1) are of 
interest because the water from Holes 1 and 3 was collected prior to any sub­
stantial heavy ra i ns before the winter whereas the remainder was col l ected 
after these rains. Water is probably coming from the same general horizon 
in all the holes sampled i.e . the same aquifer near the contact with the lower 
blue- grey clay and the red- brown sandy clay beds overlying it. After the 
rains it is noticeable that HC03- increases or stays at about the same value 
even though the total dissolved solids (T . D. S.) content has been more than 
halved. In the same way the absolute values of Na and K content stayed about 
the same while the T . D. S. content was halved. The values for other constit­
uents show decreases. 

The high HC03- content is probably derived from the weathering of bas­
alt uphill as it is common to have high carbonate and bicarbonate water near 
or in basalt . Some of this has been deposited lower down the slope as calcite 
in the form of travertine nodules and seams of crystalline calcite. The fact 
that Na content does not change with dilution means that the sodium adsorption 
ratio (S.A.R.) value increases with the dilution. This in turn means that 
the exchangeable sodium percentage (E . S.P . ) is likely to increase in the clays 
with which this water comes into contact although this effect is not apparent 
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Table 1. ANALYSES OF GROUNDWATER SAMPLES FROM BORE HOLES 

Hole: 1 3 22 23 24 25 26 

pH 7.5 7.0 7.0 7.4 7.9 7.4 7.1 

ppm ppm ppm ppm ppm ppm ppm 

C03 0 0 0 0 0 0 0 
HC03 850 510 770 790 960 1000 715 
C1 1890 2650 635 490 740 655 645 
SO, 130 155 34 24 45 46 44 
5i02 14 17 14 19 9 21 7 
Ca 175 360 60 42 16 58 30 
Mg 480 320 155 140 180 150 145 
Fe <0.1 0.2 <0.3 <0.3 <0 . 3 <0.3 <0.3 
A1 <0.3 2 <1 <1 <1 <1 <1 

K 18 8 22 20 22 7 27 
Na 520 1040 380 320 530 530 430 
T05 4060 5090 1800 1530 2090 1930 1700 
Hardness (as CaC0 3 ) 2410 2220 

Permanent 1710 1800 160 30 80 0 85 
Temporary 700 420 630 650 700 760 585 

Alkalinity (as CaC03) 700 420 630 650 700 760 585 

from the exchangeable ion analyses undertaken, but the number of samples is 
rather small and samples may not have been collected from critical depths. 

Exchangeable ions 

Exchangeable cations have been determined for some of the samples coll­
ected (table 2). The most significant factor is the wide range of the cal­
cium and magnesium and their interchangeable predominance. The percentage 
of adsorbed sodium is low to moderate except in one sample from Hole 2. With 
more controlled sampling, it may have been possible to measure the effects 
of changes in the salinity of water in the lower aquifer after rain, on the 
material with which it comes into contact, but at the time of drilling this 
salinity variation had not been determined. The increase in the proportion 
of sodium in the water after heavy rainfall would be expected to increase 
the proportion of sodium adsorbed by the clays. 

CLAY MINERAIDGY 

X-ray diffraction studies have been made in an attempt to identify the 
various clay minerals in the soil involved in the slip. The relatively high 
linear shrinkage of many samples from this slip and in many other areas from 
the Tamar Valley suggested that montmorillonite might be a constituent, but 
previous X-ray diffraction patterns from clay samples from other areas in the 
Tamar Valley had suggested the presence of only kaolinite, illite and quartz. 
Most of the samples from bore holes from the slip that were tested had indic­
ations of montmorillonite clay to varying degrees . In some samples it is 
the dominant peak while in others it is represented by only a low peak (fig. 
78). Although the intensity of the peaks is directly related to the proport­
ion of the particular mineral present in the sample, it is also dependent on 
the degree of crystallinity . Peak intensities are summarised in Table 3 but 
the above considerations should be borne in mjnd when interpreting them. A 
preliminary examination of the results has failed to identify the persistent 
peak at 29 = 18.4°. 
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Table 2. EXCHANGEABLE CATIONS IN GROUNDWATER SAMPLES 

Hole No. and Ca Mg Na 
Sample ml ITOl ml mol ml mol Material 

Depth (m) 100g • 100 9 • 100 9 • 
1 2.7 20.5 66 . 34 10.0 32.36 0.4 1. 29 Grey brown clay. 

5.5 4.0 27.59 9.2 63.45 1.3 8.97 Fragmental sandy 
clay. 

2 2.7 3.2 14.75 14.6 67 . 59 3.9 17.97 Brown p lastic 
c lay . 

5.5 7.5 43.86 9.6 56 .14 0 . 0 0 . 00 Grey plastic 
clay. 

8.2 16.5 73.99 5.8 26.01 0.0 0 . 00 Red stained grey 
clay. 

10.1 13.5 62.5 7.1 32.87 0.0 0 . 00 Fragmental sandy 
clay. 

3 2.7 13.7 38.7 20 .4 57.63 1.3 3.67 Brown clay, a 
little sandy, 
a few pebbles. 

3.1 1.7 13.49 10.0 79.37 0.9 7.14 Brown clay, a 
little sandy, 
a few pebbles. 

5.5-6.4 1.7 18.48 7.5 81. 52 0.0 0 . 00 Light grey plas-
tic clay. 

9.1 7.0 36.65 11. 7 61. 26 0.4 2.09 Light grey plas-
tic clay. 

22 2.7-5.5 8.3 47.43 7.9 45.14 1.3 7.43 Fragmental sandy 
clay. 

5.5-9.1 10.5 34.88 18.3 60 . 80 1.3 4.32 Fragmental sandy 
clay. 

9.1-9.5 3.0 21.13 10.8 76.06 0.4 2 .81 Plastic clay, 
sandy clay. 

23 4 . 6-6.4 6.7 33.5 13.3 66 .5 0 . 0 0.00 Fragmental sandy 
clay. 

6.4-8.2 1.9 71. 7 7.5 28 .3 0 . 0 0.00 Blue grey clay. 

24 2.7-4.6 4.3 20.48 15.4 73.33 0.0 0 . 00 Fragmental sandy 
clay. 

5.5-7.3 9.8 59.39 6 .7 40.61 0.0 0.00 Blue grey clay. 

25 2.7-3.7 4.8 17.84 20.4 75.84 1.7 6.31 Fragmental sandy 
clay. 

5.5-6.4 3.0 22.39 10. 0 74.63 0 .4 2.98 Blue grey clay. 

26 2.7 4.5 14 . 06 25.8 80.63 1.7 5.31 Fragmental sandy 
clay. 

9.1 1.3 9.35 11. 7 84.17 0 .9 6.47 Blue grey clay. 

28 1.8-2.7 11. 7 53.92 10.0 46.08 0 . 0 0 . 00 Fragmental sandy 
clay. 

8.2-9.1 6.7 21. 34 23.8 75.8 0.9 2.87 Fragmental sandy 
clay. 
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Table 3. X-RAY DIFFRACTION PEAK INTENSITIES 

Hole Depth Montmorillonite Kaolinite 28 1B.4 Quartz Material 
1m) 

1 2.7 Moderate Strong Moderate Strong Basalt clay 

6.4 Strong Moderate Strong Moderate Sandy clay 

9 11.9-12.2 Weak Moderate Moderate Strong Sandy clay 

8.2- 8.5 Strong Moderate Strong Sandy clay 

5.5- 5.B Weak Strong Moderate Strong Upper clay 

3.4- 3.7 Strong Strong Weak Strong Upper clay 

22 2.7- 5.5 Weak Strong Moderate Sandy clay 

9.1- 9.4 Weak Strong Moderate Strong Lower clay 

24 2.7- 4.6 Strong Moderate Moderate Sandy clay 

5.5- 7.3 Weak Strong Moderate Strong Lower clay 

25 5.5- 6.4 Moderate Strong Moderate Strong Lower clay 

27 6.4- 7.3 Strong Moderate Moderate Weak Sandy clay 

REMEDIAL MEASURES 

Further movement has taken place since the work described above was 
done (fig. 69). The slip is now wider in the heel area and the toe has ex­
tended through a fence onto neighbouring property. Various drainage measures 
have been tried and have not been successful in stopping the movement. A 
drain around the top of the slip prevents surface water from entering onto 
the slip. It is apparent from the drilling that groundwater is affecting the 
slip and rises in the piezometric surface may be reduced to some extent by 
installing bores at various points and pumping or siphoning the water out and 
away from the area. 

A possible mechanical method which seems to be the only system which 
could be installed with relative ease is piling and the placing of barriers 
on the uphill side of pairs of piles to prevent flowage around them. Rather 
than drive the piles, with consequent risk of the vibration initiating slip 
movement, holes could be drilled with an auger drill and the piles placed in 
holes drilled to a depth of about 10 m (into the lower blue-grey clay). At 
least 15 to 25 such pairs of piles would probably be needed to have any effect 
on stabilising the slide, even temporarily. Such a system wouln be relatively 
cheap to instal if wooden poles and slabs were used. The barriers would need 
to be placed in trenches dug to the slip surface. Dra'inage through the barr­
iers must be maintained to prevent the build up of water behind them. 

By keeping the piezometric surface low and by piling, it might be poss­
ible to maintain stability at least for a period. This may allow the estab­
lishment of a tree cover, the roots of which should help contain the movement 
in the future. 
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CONCLUSIONS 

Dril ling in the area around the slip has established that the Launceston 
Beds dip downhill . The geological sequence comprises basalt talus (at the 
top), blue-grey fissured clay , red- brown sandy clay and a lower blue- grey 
clay . 

Atterberg limits indicate that the materials in the slip area are in­
organic clays of high plasticity, the blue-grey clay having liquid limits of 
more than 95\. 

Groundwater was encountered at two different levels. In the upper aqu­
ifer, around the heel of the slip, the water level responded rapidly to heavy 
rainfall . The water percolates through the basalt talus and the open fiss ­
ures in the plastic clay . Pump tests on these shallow holes indicate a small 
but significant rate of flow. The lower aquifer was encountered near the 
interface between the red- brown sandy clay and the lower blue-grey clay. The 
water is invariably under pressure, having a head of 1.5-4 m. The piezometric 
surface of the lower aquifer slopes downhill as a result of water escaping 
from seepages where the aquifer is near the ground surface. A projection of 
the sandy clay bed uphill shows that it probably comes into contact with the 
sand and gravel underneath the basalt . Drilling has con firmed that the lower 
aquifer does continue uphill; it is thought to be the base failure plane for 
the large old slip behind the reservoirs. 

Vane , shear box and triaxial strength tests have' been applied to the 
landslip materials . The vane tests are useful in performing quick field 
strength measurements and in measuring the sensitivity of the clays. In gen­
eral, the blue-grey clays have a sensitivity of between 2 and 4 (i.e. are 
moderately sensitive). Quick undrained triaxial tests were conducted on a 
number of samples and generally gave fairly high cohesion values and low ang­
les of internal friction . This method is not suitable for the analysis of 
fai l ures which are slow moving . The triaxial test with pore pressure meas­
urements on the blue-grey clay gave c' = 15 kPa and $' = 18 0 and shear box 
tests on fully softened samples gave values of ~' = 13 0 -15 0 (assuming the 
c' 0 condition) . 

Slope analysis calculations from these values and other information ob­
tained , indicate that the slip has probably moved on the lower aquifer at 
some time . Reactivation of s l ip movement on the lower aquifer would have 
serious results. The likelihood of such movement could be estimated by mon­
itoring the water level in Hole 1. The greatest risk of movement occurs in 
the months of November and December (fig. 68). A small resioual cohesion is 
seen to have a significant effect on slope stability. 

The most useful of the geophysical methods applied to this slip appears 
to be the refrac tion seismic investigation which indicated a depth of move­
ment whi ch correlated with other methods. Although the interpretation of 
the downhole resisti vity is not very conclusive at this stage it may be use­
ful in some slips . 

Two methods of monitor ing subsurface slip movement, a tube with a weigh­
ted string and a tube with strain gauge attached , proved very successful in 
indi cating depth of movement. 

A study of groundwater chemistry shows that the salinity of the water 
in the l ower aquifer decr eases quickly and markedly after heavy rains although 
the sodium content remains at about the same absolute value. This is expected 
to incr ease the percentage of adsorbed sodium ions in the clays with which 
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it comes into contact. Measurements of adsorbed ions show a relatively low 
to moderate exchangeable sodium percentage, except in one case. With more 
controlled sampling, the effects of changes in water chemistry may be indic­
ated in these measurements. The amount of adsorbed magnesium and calcium 
varies widely from sample to sample. 

x-ray diffraction methods have identified montmorillonite and kaolinite 
as the dominant clay minerals in the slip mate+ial. As with such slips in 
other parts of the world montmorillonite is a common component and its expan­
sive nature and ability to adsorb and exchange large quantities of ions has 
a marked effect on the stability of an area. 

RECOMMENDATIONS 

There are probably two levels of slip movement. The upper 3 m of mat­
erial are intensely disturbed and move after a relatively short period of 
heavy rain. This movement is fed by surface water and by water in the shallow 
aquifer above the head of the slip. A system whereby water is siphoned, or 
pumped from holes during wet periods may aid stability, and will help prevent 
further cutting back at the head of the slip. 

The lower aquifer is considered to be the basal slip plane, both for 
the present slip, and for the large, old, slip further up the hill. Present 
movement at this level has not been proved, but such movement would seriously 
endanger the reservoirs. When the water level in Hole 1 is less than 4.25 m 
below ground level, the northern tank should be emptied. i\l'hen the water level 
is within 3.6 m of the surface close observation is needed. 

Tree planting around the head of the slip and for some distance upslope 
will produce a soil moisture deficit so that the shallow aquifers will take 
longer to fill. Tree planting on the basalt plateau may aid the overall stab­
ility of the hill. 

SurfaGe drains at the head of the slip intercept considerable surface 
runoff and should be maintained. 

Piling is a possible method for arr€3ting slip movement. A number of 
piles would be required, with shallow barrier between them to prevent the 
shallow mud flow. The piles would need to be deep enough to penetrate into 
stable material below the lower aquifer. An engineering analysis is required 
to establish the feasibility of this method. 
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APPENDIX 1 

Logs of bore holes 

Hole 

1. IA 

2 

The following abbreviations are used to express test results on bore hole samples: 

c ., cohesion intercept, effective 
c; ., cohesion intercept, residual, effective 
Cu cohesion intercept, triaxial undrained test 
LL - liquid limit 
m .. moisture content 
PI - plasticity index 

Depth 
(m' 

0-1.8 

1.8-4.6 

4.6-6.7 

6.7-10.9 

Descriptie:n 

Grey-brown fairly plastic clay. small 
quartz fragments. 

Grey-brown clay, weathered basalt 
fragments, limonite-cemented silt 
towards bottom. Small fragments of 
plastic clay. 

Light brown sandy silty material. very 
fragmental, limonite-cemented areas. 
perhaps some carbonate. 

Light blue-grey plastic clay 

Sample 
depth 

(m' 

2.7 
2.95 

5.54 
5.65 

• •• 
9 . 1 
9.2 
9.3 
9.' 

vp .. peak strength, vane test 
vr ~ residual strength, vane test 
~- angle of internal friction. effective 
~i: .. angle o f internal friction, residual, effective 
~u ., angle of internal friction, triaxial undrained test 

LL 
(\l 

88 

95 
92 

PI 
(\) 

.9 

.7 .7 

m 

(\' 

20 

28 
31 

33 
33 
31 

c, 
(kPa) 

270 

110 
130 

85 
205 
lSO 

c' 
(kPa) 

Cr 
(kPa) " (" 

• 
10 
23 

11 
1.5 
3.5 

.' (', 
.r 

(" 

Water level on pulling out wa s 6.4 m from surface (when hole I was re-drilled the water level eventually rose to 4 a) . 

0 - 0.9 Dark brown soil. occasional gravel 
fDagments. 

0.9-1.8 Mid-brown. semi-p!..lstic clay, in part 
fragmental (sandy) . 1.2 93 75 

1.8-2.7 Lighter brown plastic clay, some pebbles 
of basalt up to 40 mm across. 

2 .7- 5 .5 Light grey plastic clay with a brownish 
stain. 

5.5-7.3 Grey churned-up clay (sandy?) . 5.5 102 7. 
Carbonate band 5.6 m. 5.62 27 12- • 

7 . 3-8.2 Red iran oxide stained clay with gravel 8.2 91 .7 
fragments. Limonite and hemat ite 8.32 32 70 •. 5 
concretions. 8.5 3 280 • 

8 . 2-10.0 Reddish broWn material, sandy texture. 10.1 88 .5 

Vp 
(kPa) 

Vr 
(kPa) 



LOGS OF BORE HOLES (continued) 

Sample 

Hole Depth Description depth LL PI m Cu C cr tu t' O' vp vr r 

Cm' Cm' C" {\, C" (kPa) (kPa) (kPa) Co, Co, Co, (kPa) (Y.Pa) 

0-1.8 Brown, fairly plastic clay, a few 
basalt boulders. 

1.8-2.7 Lighter brown clay, pebbles and 
sandy material (not plastic). 

2.7- 6.4 Light grey plastic clay, limonite 3.01 98 70 
centres towards bottom. 3.35 39 15 18 

3.6 37 30 1 

6 . 4- 8.2 Pebbly clay, some basalt fragments 
(col l apse material?) . 6.' 39 115 • 

Water struck at 3.7-5.4 m, rose to surface. 

7 0- 0.9 Stiff brown plastic clay. 
0.9- 1.8 As above with basalt fragments. 
1. 8- 2. 7 As above, becoming damper and loose-

structured. 2.0 30.3 

N 2.7-3.0 Base of basalt clay, loose yellow clay. 2.8 43 55 13.8 .... 3.0-3.6 Stiff grey, plastic clay. 
0 

Water rose to one metre. Piezometer installed. 

8 0-0.9 Stiff grey clay. 39 
0.9- 1. 8 Softer yel l ow and grey clay. 34.4 
1.8-2.7 Soft grey plastic clay with yellow 1.86 45 60 1 

partings of more sandy material. 1.96 43 65 1 
2.0 44.5 23 
2.7 33 

2.7-3.6 Soft brown clay with grey plastic 
pellets. 

3.6-7.3 Dry, crumbly brown and red sandy clay 4.59 30 200 3.5 
with ironstone fragments and nodules. 4.69 30 340 0.5 

7.3-9.7 As above, but softer. 
9.7 Hard band, stopped drilling. 

9 0-0.9 Grey plastic clay with brown iron 
staining mixed with dark brown soil. 

0.9- 3 . 4 Dark brown clay, sandy clay, a little 
grey clay, basalt boulders. 

3.4- 3 . 6 Light grey clay, some light brown 
oxidised areas. 
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LOGS OF BORE HOLES (continued) 

Hole 

9 

10 

14 

J5 

Depth 
'm) 

3.6-4.6 

4.6-5.5 
5.5-6.4 

6.4-7.3 

7.3-8.2 
8.2-12.0 

Dry hole. 

0-2.7 

2.7-3.6 

3.6-8.2 
8.2-10.0 

10.0-11.9 

11. 9 

Cry hole. 

0-1.8 

1.8-2.7 

2.7-3.8 

3.8-4.6 

Description 

Light blue-grey clay. some brown iron 
oxide stained areas. 

Light grey clay. 
Grey clay. a little red iron oxide 
staining. 

Red sandy clay, calcite band 6.9 m, 
some iron oxide pellets. 

Reddish to khaki coloured sandy clay. 
Brown sandy clay. 

Brown plastic clay with basalt 
fragments. 

Stiff grey fissured clay with moist 
pat.ches. 

stiff grey plastic clay. 
Dry, red crumbly c lay containing iron­
stone pieces. 

Orange-brown crumbly clay , moist and 
soft. 

Dry yellow sand. 

Orange-brown crumbly clay and basalt 
fragments. 

Crumbly grey clay with yellow patches 
overlying soft crumbly yellow clay. 

Yellow soft crumbly c lay overlying wet 
gravelly material. 

Stiff grey clay, very plastic, sticks 
to the auger. 

Water intersected 3.4-3.6 m, rose to 1.8 m. 

0-1.8 
1.8-2.7 

Brown soil and weathered boulders. 
Grey silty c lay with crumbly texture. 

Sample 
depth 

em) 

3.79 
3.89 
3.99 

LL PI m Cu C cr ;u ; ;; vp vr 
(\) ") '" (kPa) (kPa) (kPa) ,. ) ,. ) ,. ) (kPa) (kPa) 

3. 75 1 
3. 95 1 
30 100 0 

35 

30 

34 
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LOGS OF BORE HOLES (continued) 

Hole 

15 

,. 

17 

18 

Depth Description 

'm) 

2.7 Grey and yellow clay with a crumbly 
textur-e. Patchy, ranges from very 
soft and wet. to stiff. 

2. 7-3.6 Very soft. no auger sample. 
3.6-4 . 6 Stiff gr-ey clay. 
4.6-5.5 Stiff yellow and grey plastic clay. 

Rather crumbly, small ironstone 
fragments. 

5.5-7 . 3 Stiff grey plastic clay. 
7.3 Very stiff, grey. hOl!lOgeneous clay. 

Water intersected at 2.7 m, rose to 2 m. 

0-1.8 Brown clay with occasional basalt 
fragments . 

1.8-2 . 7 Fairly soft grey c lay 
2.7-4.1 Soft grey and yellow crumbly clay. 
4.1-4 . 6 Fairly soft bright yellow and grey 

plastic clay. 
4.6-6.4 Fairly stiff grey and yellow plastic 

clay. 
6 . 4-8.3 Yellow plastic clay. 

Water entered slowly; hole collapsed . 

0-1.8 

1.8-2.7 

2.7-3 . 6 
3.6-4.3 
4. J 

Water rose 

0-0.9 

0.9-1.8 

Ve ry soft wet gritty clay with basalt 
fragments. 

Soft. crumbly grey clay with travertine 
fragments. 

f'iClll grey ciay. 
Hard, sandy clay. 
Band of hematite, stopped auger. 

to surface. 

Basalt boulders, 150 mm across, above 
medium hard plastic grey and light 
brown clay. 

Brown iron-stained fragmental c lay, 
some grey medium plastic c l ay. 

Sample 
depth LL PI m Cu C ci .u .- .r vp vr 

'm) '" (\) ") (kPa) (kPa) (kPa) ,. ) ,.) ,. ) (kPa) (kPa) 

34 HO 12 

37 134 48 

3. 144 48 

2.7 15 14 

4.6 • 12 

3' 
8.2 0 IS 

1.8 53 



LOGS OF BORE HOLES (continued) 

Hole Depth 
(.) 

18 1.8-2 . 7 

" 

20. 21 

2 . 7-3.6 

3.6-4.6 

4.6-5.5 

5 . 5- 6.4 

6.4-7.3 
7.3-9.2 

Dry hole. 

0-0.9 

0.9-1.8 

1.8-2.7 

2.7-3.6 

3.6-5.0 

0-1.8 

1.8-2.7 

2.7-3 . 6 

3.6-6.4 

6.4-7.3 

7.3-8.2 

Description 

Light grey soft to med i WIt-ha rd , 
plastic clay, stained pinkish, flaky 
structure. 

Light grey medium plastic sheared 
clay. 

Light grey (pink stained soft to 
~dium-hard plastic clay. 

Light grey medium-soft plastic silty 
clay, some iron staining. 

Brown clay, fairly soft and silty, 
limonite nodule. 

Silty brown clay, Iftedium-hard plastic. 
Light grey clay, brown silty, flaky 
structure . 

Brown soil and clay, some basalt 
fragJDents. 

Hard brown clay, in parts greenish, 
heu.tite band. 

Light brown silty clay. flaky 
structure . 

Silty sandy fragmental light brown 
clay. 

Brown silty sandy material. 

Soft grey-brown disturbed clay. Brown 
clay as from weathered basalt, with 
grey areas and pellets . 

Dry. friable, red sandy clay with 
limonite fragments. 

Yellow-orange friable sandy clay with 
small limonite fragments. 

Yellow-orange friable sandy clay with 
small limonite fragments. 

More plastic, orange clay with limonite 
fragments about 10 cm in diamet~r. 

Yellow-orange crumbly clay. 

Sample 
depth LL PI m c, c' Or " " .; vp vr 

(m) ") (') (') (kPa) (kPa) (kPa) (. ) (.) (.) IkPa) (kPa) 

2 .• 3. 63.4 12.4 

5.5 3. 5. 13.4 

9.2 45 

2.7 31 



LOGS OF BORE HOLES (continued) 

Hole 

20, 21 

22 

23 

24 

Depth ,.) 
8.2-9 . 2 

Dry hole. 

0-0.9 
0.9-1. 8 
1.8-4.6 
4.6-9 . 2 

9.2-11.9 

Description 

Red-orange damp sandy clay. 

Strain gauge monitoring pipe installed. 

Wet dark brown sandy soil. 
Light brown sandy material, some basalt boulders. 
Light brown sandy. silty fragmental mate rial. 
Darker brown sandy silty fragmental material. 

some calcite at bottom. 
Grey hard plastic clay (some soft material at 

top. passing into hard grey clay). Slip 
surfaces, red pin-head sized spots. 

Water level e.7 m. 

0-2.7 

2.7-3.6 
3.6-4.6 
4.6-6 . 4 

6 . 4-8.2 

0-0.9 
0.9-1.8 
1.8-2.7 
2.7-3.6 

3.6-5.1 

5 . 1-6.4 

6.4-7.3 

Poor recovery: material not as fragmental 
a3 that of Hole 22. 

Dark brown soil and clay, sandy. a few small 
basal t boulders . 

A little lighter brown sandy clay. 
Medium brown sandy clay . 
Medium brown fairly fra~ntal sandy silty 
clay. So_ gre~' clay towards bottom. 

Very soft grey clay (limonite stained) . 
small limonitic centres. some slip 
surfaces, hard c lay at 8.2 m. Calcite 
areas towards bottom. 

Dark brown soil and boulders. 
Dark brown plastic clay. 
Lighter brown sandy silty clayey material. 
Even lighter brown sandy silty c layey 

II'IAterial. 
A little darker brown sandy silty c layey 
material. 

Very soft light brown clay. sandy and 
silty, a little oxidised . 

Yellow and red oxidised clay, sheared, 
small pisolitic centres (spots). 

Water level rose to 3.5 m. 

Hole 

25 

26 

27 

2. 

Depth ,.) 
0-0 .9 

0.9-3.6 
3.6-4.6 
4.6-6.4 

Description 

Oark brown :;;oil. 
Light brown sandy silty fragmental material. 
As above, but darker, and brown plastic clay. 
Light grey fairly soft flaky plastic clay, 
abundant carbonates in upper part. 

NO water after drilling, 0.5 m the next day. 

0-0.9 
0.9-4.5 

4. 5-6 .4 
6.4-7.3 

7.3-9.2 

9.2-9.3 

Dark brown clayey sandy soil. 
Light brown sandy material at 3 . 7-4.5 m, very 
soft. 

Brown, oxidised, sheared. ~ery fragmental Clay. 
Grey medium-soft plastic c lay, rather fragmented 

due t o oxidation, some slip planes. 
Fragmental sandy material. with a higher clay 
content than the overlying material. 

Grey clay . soft area at top. limonite pisoliths 
in clay . 

Water level, 5.0 m. 

0- 0.9 
0.9-1.8 
1.8-2.7 
2.7-3 . 6 

3 .6-5 .5 
5.5-7.3 

Dark brown soil and clay. 
Wet, chocolate sandy material. 
Brown fairly damp sandy material. 
Brown and grey clay, SO~ medium-hard plastic 
sandy-textured material. slip surfaces, car­
bonate fragments. 

Brown sandy fragmental material. 
Lighter brown sandy material. Water struck at 

bottom. 

Water level, 6.5 m. 

0-0.9 
0.9-1.8 
1.8-2.7 
2.7-4.6 

4.6-9.2 

No water. 

Brown reconstituted grey clay and soil. 
Grey clay. basalt boulders. 
Light grey- brown sandy silty clayey material. 
Light brown sandy sil~ clayey material. some 
carbonate fragments 25 am in diameter from 
2.7-3 . 7 m. 

Brown fragmental sand. hard and dry. fro~ 7.3-
9.1 m. Many carbonate fra9nlents . 

, 



LOGS OF BORE HOLES (continued) 

Hole 

)0 

Depth 
(m) 

0-4.6 

4.6-6.0 
6.0-8.5 
8.5-~.0 

9.0-11.8 

l)escription 

Rounded quartz gravel and sand mixed with 
clay, hard and dry. 

Dry feldspathic sand . 
Dry orange sandy clay. 
Wet sandy clay. 
Grey plastic clay. 

Water intersected at about 9 m, rose to 8.65 m after 
the winter rains. 



APPENDIX 2 

Sizing analysis and Atterberg 1 imits of bore hole sampl es. 

Hole No. 3 7 8 

Reference No. 3/1 3/2 7/10 7/20 7/30 8/10 

Depth (m) 3 . 01 5.5- 6 . 4 2 . 0 2 . 9 4 . 3 1.5 

Particle Size Percentage Finer 

20 nun 100 100 
6 nun 100 83 85 
2 nun 98 80 81 100 

600 ~m 96 79 79 100 95 
200 ~m 100 94 78 76 99 89 

60 ~m 99 88 77 67 92 78 
20 ~m 96 83 73 56 86 70 

6 ~m 88 76 64 44 78 63 
2 ~m 74 69 53 34 66 54 

Density (kg/m3) 2540 2590 2800 2760 2680 2800 
*LL (0) 98 110 11.8 138 100 87 
*PI (0) 70 85 93 116 77 65 
*LS ( 0) 20 21 20 

Hole No. 8 9 

Reference No. 8/20 8/40 9/10 9/20 9/30 9/40 

Depth (m) 2.1 7 . 3-9 .1 3 . 4-3.7 5 . 5- 5 . 8 8.2-8 . 5 11.9-12.2 

Particle Size Percentage Finer 

20 nun 100 
6 mm 100 100 98 
2 nun 97 100 98 97 100 100 

600 ~m 94 96 96 96 99 98 
200 ~m 91 86 95 96 90 92 

60 ~m 86 72 91 95 79 62 
20 ~m 82 62 83 90 71 54 

6 ~m 74 53 75 82 58 45 
2 ~m 66 44 64 71 45 36 

Density (kg/m3) 2720 2780 2720 2680 2780 2800 
*LL (0) 94 95 109 102 84 74 
*PL (0) 72 74 88 77 61 56 
*LS (0) 23 21 20 20 

*Test Method : A.S. 1\89-1966, tests 2A, 3 , 4 and 5 . 

Samples were oven dried at 50°C and dry sieved. 

• 
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Hole No. 1 2 

Reference No. 1/1 1/2 1/3 2/1 2/2 2/3 2/4 

Depth (m) 2.7 6.4 9.1 1.2 5.5 8 . 2 10.1 

Particle Size Percentage Finer 

6 rom 97 100 100 100 
2 rom 94 99 100 100 95 97 

600 "m 92 82 96 99 100 92 96 
200 "m 91 68 92 98 99 83 90 

60 "m 86 55 90 95 97 74 82 
20 "m 81 47 87 90 93 70 74 

6 "m 68 38 80 80 85 62 65 
2 "m 58 31 70 72 77 52 56 

Dry Density (kg/m3) 2690 2720 2680 2720 2640 2830 2730 
*LL (0) 88 95 92 93 102 91 88 
*PL (0) 69 70 67 75 76 67 65 
*IS (0) 20 24 20 24 20 20 20 

*Test Method: A.S. A89-1966; tests 2A, 3, 4 and 5 

Samples in natural state. 
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Classification of Tamar clays . 

Location 

Evandale 

Quarantine Rd 

Wanstead Farm 

St Leonards 

Danbury Point 

Freshwater 
Point 

Freshwater 
Point 

Browns Jetty 

Rosevears 

[)eviot 

Beauty Point 

Tamar Avenue 

Birralee 

St Peters 
OVal 

Abels Hill 

Launceston 
Area 

Craigbourne 

Rear Batman 
Bridge 

Ref. 
No. 

Ll 

L2 

L3 

L' 
L6A 

L7A 

L7. 

L8 

L9 

L12 

L13 

LIS 

L16 

L17A 

L17B 

L18 

L19 

1.20 

HI 
M2 

5. 

Material (Condition 
as received) 

Soft yellow brown clay 

Soft grey, red and 
yellow mottled clay 

Stiff yellow & brown clay 

Very soft yellow clay 

Dry brown clay 

Friable red brown and 
yellow clay 

Grey and yellow friable 
clay 

Stiff yellow & grey clay 
with carbonaceous bands 

Friable grey and yellow 
clay 

Hard grey & yellow clay 
desiccated & weathered 

Very soft yellow & grey 
clay 

Soft grey clay with roots 

Brecciated claystone* 

Soft mudstone* 

Soft mudstone* 

Friable krasnozem clay 

Stiff yellow brown clay 

Soft grey clay 

Atterberq 
LL 

(\l 
PI I.5 
(\) (\) 

93 71 

110 78 

77 54 

103 72 

90 59 

71 49 

68 16 

79 53 

82 60 

73 49 

73 54 

76 54 

81 54 

85 64 

89 70 

92 51 

73 44 

82 53 

93 

45 31 
69 53 

22.5 

20 

17.5 

23 

20 

17 

16 

18 

20 

17 

18.5 

17.5 

17 

21 

22 

21 

14 

22 

21 

14 
21 

APPENDI X 3 

Tests 
Sample 

condition 

0.0. 

0 . 0. 

0.0. 

Natural 

A. D. 

0.0 . 

0.0. 

0.0. 

0.0. 

0.0 . 

Natural 

Natural 

A.D. 

A.D. 

A.D. 

0.0. 

0.0 . 

Natural 

Natural 

A.D. 

A.C. 

Dry 
Density 
(kg/m 3) 

2730 

2680 

2720 

2810 

2700 

2670 

2650 

2660 

2710 

2660 

2720 

269q 

2680 

2700 

2690 

2940 

2690 

2820 

2610 
2680 
2780 

6.0 

100 

95 

Particle Size Analysis 
\ finer than (nwn) 

2 . 0 0.6 0.2 0.06 0.02 0.006 

100 

96 

98 

!DO 

100 

93 

100 

100 

95 

98 

97 

88 

9. 

96 

100 98 8. 

100 

91 

100 96 

100 

100 

99 90 

100 

100 

100 89 

100 

100 97 

100 

80 80 

100 

100 

100 

92 

90 
95 

86 

97 

90 

79 

86 

87 

64 

92 

94 

97 

97 

96 

73 

96 

94 

9. 
67 

83 

82 

82 

78 

94 

86 

7l 

83 

74 

60 

81 

80 

87 

70 

89 

94 

66 

85 

89 

88 

54 

78 

69 
64 

70 

91 

., 
62 

81 

65 

56 

7l 

68 

66 

60 

70 

85 

58 

77 

82 

80 

43 

74 

48 

48 

0.0., over dried at 50 G C; A.C., air dried; * breaks down completely after soaking in water. 

0.002 

63 

78 

65 

57 

77 

58 

49 

62 

55 

50 

45 

48 

68 

52 

65 

7S 

70 

37 

67 

36 

36 

Class 

OJ 

OJ 

ClI 

OJ 

01 

01 

01 

01 

01 

CH 

OJ 

01 

01 

01 

01 

01 

CH 

01 

CL 
01 
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