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SUMl'-lARY 

Stage 2 of the proposed Tuggeranong Freeway runs at an elevation 
of 610 - 645 m above mean sea level (M.S.L.) along the western side of Mount 
Paylor on a pediment formed between the Vanberra-Yass Tableland surface and 
the Yarralumla Landsurface. Pediments are noted for rapid so11 and soil 
thickness changes along and downslope. 

The area is drained by surface and subsurface water flow. Surface 
drainage by Weston and Village Creeks has incised gullies in the side of 
Mount Taylor and stripped soil* cover from the upper slopes. Groundwater and 
soil water commonly create problems, particularly in an area such as Canberra 
where ground moisture conditions can change markedly with the seasons. 

Two rock types, a purple spherulitic rhyodacite** and a blue-grey 
rhyodacite were mapped. No sediments crop out and it is considered unlikely 
that they occur concealed beloW' soil cover. The blue-grey rhyodacite does 
not appear to be as ·susceptible to weathering as the purple spherulitic 
rhyodacite. Thin sections of both rhyodacites show potassium fledspar altered 
in part to sericite and kaolinite, and biotite mica altered in part to chlorite 
and epidote. 

Jdr-photosindicate that there is a joint system, compriSing three 
joint sets striking at 0450 , 0950 and 1500 , present in the two rhyodacites. 
No folding of the volcanic rocks has been observed but they appear to have 
been tilted to the southwest. . 

Volcanic rocks along the freeway tend to weather irregularly; 
completely weathered rock may be difficult to excavate where large boulders 
of slightly weathered rock are present as 'floaters' in appreciable numbers. 
Highly weathered rock is expected to need light blasting before it can be 
excavated. The lower part of each cut is to be made in moderately or highly 
weathered volcanic rock; moderately weathered volcanic rock will need to be 
extensively blasted before it can be removed. 

Eleven seismic spreads were surveyed along and across the freeway 
where five major cuts are to be made; the highest velocity layer encountered 
above the freeway level was 1500 - 1600 mls for the two southern cuts and 2100 -
2400 mls for the three northern cuts. 

Sixteen soil units were distinguished on the basis of undisturbed 
auger sampling, field classification, and laboratory testing. The unified 
soil classification system was used for the investigation. Soils which test 
results indicate may be suitable for use as gravel pavement and base-course 
gravel were located. Fat heavy clays were detected close to the proposed 
finished surface level of the freeway in a number of places, they will have 
to be stabilized or removed. tld soil slip surfaces may be concealed in some 
soil units. 

* The term "soil" is used in an engineering sense in this report. Soil is a 
natural aggregate of mineral grains that can be separated by such gentle 
mechanical means as agitation in water (Terzaghi and Peck, 1967). 
** Definitions of selected geological and weathering terms are given in Appendicef 
1 and 2. 
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~~e present drainage system for surface water run-off will require 
some redesigning. Seepage of water through alluvium could cause springs to 
develop on the upstream side of the freeway and possible piping under the 
freeway; careful drainage so as not to induce recharge or subsidence should 
be considered. It is not expected that seepage will tend to undercut the 
sides of excavations; a few initial deep jack hammer holes in the areas where 
cuts are to be made would enable the Bureau to take piezometer readings and 
complete the assessment of possible groundwater problems. 

All results of laboratory testing are included as appendices* and 
Flate 1 shows seismic, soil, and CBR sections along stage 2 of the freeway. 

* 'l'he Bureau commenced conversion to the metric system of units in 1970. 
Metric units are used in this report except in the presentation of definitions 
and testing results in Appendices 1, 4, 5 and 6. 
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1. INTRODUCTION 

1.1 Scope 

In August 1971 the National Capital Development Commission ~NCDC) 
requested the Bureau of Mineral Resources (BMR) to undertake an engineering 
geological, seismic, and soils survey along the' route of Stage 2 of the 
proposed Tuggeranong Freeway. 

1.2 Location 

The proposed Tuggeranong Freeway extends from Scrivener Dam to 
the proposed urban development area of Tuggeranong. stage 2 of the freeway 
is the section between Hindmarsh Drive and the proposed Village Creek arterial 
road (Fig. 1). 

1.3 Geological Mapping 

The geology of the area along and adjacent to the freeway route was 
mapped in detail (Fig. 2). Rock exposures were classified as (1) solid out-
crop, (2) scattered outcrop, or (3) scattered boulders. 'Solid outcrop' is 
hard rock normally too difficult to rip. 'Scattered outcrop' includes areas 
of solid outcrop but is mostly rippable near the surface. 

Seismic Survey 

A separate geophysical report (Hill & Pettifer, in prep.) is being 
compiled in the BMR Geophysical Branch's Engineering Geophysics Group; 
essential geophysical data made available by Hill & Fettifer is included in 
Section 5. A 24-channel SIE seismograph was used in conjunction with 20Hz 
TIC geophones. A geophone interval of 3 m was used giving a spread of 66 m. 
Eleven spreads totalling 726 m were laid along adjoining and intersecting 
traverses. 

1.5 Soil Investigations 

Undisturbed soil samples were taken using a Proline auger, equipped 
with coring barrel, mounted at the rear of a Landrover utility. Forty auger 
holes, shown on Figure 8 and totalling 105 m, were sunk in July, August, and 
November 1971. Soil cores taken were tested in the BMR laboratory; they 
gave a clear picture of soil layering and types; detailed diagrammatic and 
written logs of cores are included as Appendix 3. 

Undisturbed samples for compa.ction and CBR testing in the laboratory 
were taken from six test pits (Fig. 8) dug in areas where representative soil 
units occur. 

1.6 Maps 

The base map for the investigation (1:5 000) was adapted from two 
contoured ACT Detail Series maps (1:2 400): Sheets H9A and H9C drawn by the 
Department of the Interior. A plan of the proposed freeway alignment was 
supplied by the NCDC. The base map for text figures 2, 3, 8, and 10 is 
adapted from T.P. 150/67 (NCDC). 

~. 
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1.7 Air Photos 

Colour air pbotos at 1:22 500 scale, taken in October 1968 (CAC/C14, 
Run 11, 958;, 9584) were used for preliminary air-photo interpretation and 
planning of the investigation. 

2. PHYSIOGRAl1iY 

2.1 TopographY 

The proposed Tuggeranong Freeway skirts the western side of a 
north-trending ridge that separates the urban areas of Woden and Weston Creek. 
The ridge includes Mount Taylor in the south as its highest pOint, 850 m above 
mean sea level (M.S.L.), and Oakey Hill, 690 m above M.S.L., in the north (Fig. 
1). 

The steeper slopes of the ridge generally break to rolling terrain 
below 660 m above M.S.L., and this changes to undulating terrain below 600 m 
above M.S.L. 

stage 2 of the proposed freeway runs at an elevation of 610 - 645 m 
above M.S.L. along the western side of i'lJount 'l'aylor. 

2.2 Drainage 

Drainage of the area traversed by Stage 2 of the proposed freeway 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

is partly by surface run-off and partly by subsurface soil water and grounwater I 
movement. 

2.21 ~'urface drainage to the north is by the tributaries of Weston Creek 
and south by tributaries of Village Creek; both creeks have dendritic drainage J 
patterns, which are partly controlled by the jointing in the under-lying volcani 
rocks. Greeks contain little or no water except after heavy rain. Water in 
\.,Teston Creek flows to the fi"1010nglo !liver, a tributary of the Murrumbidgee River, I 
Village ~reek runs directly to the Murrumbidgee River. 

2.22 Sub-surface drainage by soil water and groundwater movement is through I 
confined and unconfined aquifers. 

Erosion 

l;learing of trees from 110unt 'l'aylor has coni;ributed to the rapid 
erosion of soil cover. ~he low~r slopes have been deeply gullied, gullies 

I 
2-3 m deep have cut into indurated slope wash. The middle slopes have gullies I 
1-2 m deep incised down to solid rock; progressively more rock has been exposed 
and soil cover becomes thinner as relief increases. The upper slopes are 
covered with solid rock, boulders, cobbles, and thin skeletal soil; the 
skeletal soil is generally less than 0.5 m thick. Formation of new scours by 
erosion during heavy storms is very rapid on ~~unt Taylor and is partly the 
result of high local rainfall on the steep upper slopes. Prominent high 
physiographiC features in the Canberra area are subject on occasions to 
appreciably higher precepitation than the surrounding plains (Hounam, 1951). 

I 
I 
I 
I 
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3. GEOMORPHOLOGY 

3.1 General 

The geomorphology of the region has been developed to two different 
degress of inten~i ty: major erosional processes developed· landsurfaces* 
at different elevations; minor processes developed superficial groundsurfaces 
(van Dijk, 1959). 

3.2 Major Landscape Development 

Continental uplifts since late Palaeozoic or early Mesozoic time 
(Craft, 1933b) have . developed landsurfaces ~t different topographic elevations 
mainly bypediplanation. P.~ipla.nation is an erosional process whereby 
destruction of older topographic features and1andsurfaces is by scarp retreat 
levelling to. a , new ·.base. When incomplete" older landsurfaces that have stable 
local base 1evels.persi,st · in- elevate~ positions. 

Four.landsurfaces,have been recognized by C~aft in the Canberra 
region (Table ,1) • . 

Table 1 

Landsurfaces of the Canberra Region 

Name Elevation (m) 

Monaro Landsurface 920 
Molonglo· Landsurface. 760 - 790 
Yass-Canberra Tablelands 670 
Yarralumla Land surface 565 - 560 

The Molonglo LandsurfaQe is preserved near. the swumi t of Mount 
Taylor at 620 m, a sc~ separates it from the Yass-Canberra Tableland surface, 
preserved as a c~~ein slope. at 700 - 720 m, a pediment separates it from 
the Yarra1um1a Landsurface. at 600 m. 

3.3 Minor Landscape Development 

Supe~i,mposedon each landsurface .are complex groundsurfaces, 
severaLgroundsurfaceseach rep:fesent~ng the materials, soils, and surfaces 

* See Appendix 6. for definitions and explanations of selected, .underlined, 
geomorphological .terms. 
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relating to one K cycle may be preserved on any particular land surface. A 
K cycle, the time interval covering the formation of a grottndsurface, spans 
a phase of erosional stability and instability, {Butler, 1959). 

During the unstable phase older groundsurfaces are either destroyed, 
buried, or partly destroyed and partly buried. During the stable phase a soil 
profile, often developing pedological! and] horizons, forms on the new ground-
surface soil layer. Six K cycles have been recognised in the Canberra region 
(Table 2). 

Table 2 

K cycles of the Canberra Region 

Cycle Name Soil developed. 

KO Kambah Recent alluvium 

K1 Tharwa Minimal prairie soil 

K2 Kurrumbene Red earths, minimal podzolics 

K3 Pia111go Red and yellow podzolics 

K4 Gundaroo Thick, strongly differentiated 
podzolics 

K5 (?) -- Mugga Remnants of stable clays only 

The area traversed by the freeway forms a pediment between the 
Yass - Canberra Tableland surface and the Yarralumla Landsurface. It lies 
in an intermediate position between the pediplain basin, where dominantly 
depositional processes operate, and the scarp, where dominantly erosional 
processes operate. The area of the freeway has therefore been subjected to 
erosion as well as deposition during unstable phases; a complex zone of 
soils has resulted ·(the 'alternating zone' of Butler). Consequently old 
soils are commonly truncated prior to burial in the pediment. 

Along the section of the freeway are two distinct soil mantles 
which are distinguished by their soils and the weathered condition of the 
underlying rock type. The boundary between the two, referred to in this 
report as the northern and southern soil mantles, is cree~ C (Fig. 10). 

The southern soil mantle, which at one time may have been drained 
by Village Creek, has undergone more severe phas.es of instability than the 
northern soil mantle. A comparison between the two is shown in Table 3. 

I 
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Table 3 

Comparison of the two soil mantles along the freeway 

Soil and rock types 

Moderately weathered 
volcanic rock 

Highly weathered 
volcanic rock 

Completely weathered 
volcanic rock 

Indurated slopewash 

General 

Northern soil mant l. e 

Below soil cover 

Not present 

Forms a mantle at the 
base of the ground-
surface 

Overiies completely 
~eathered volcanic 
rock in places. 
lJlayey in places 

Remnants of strongly 
differentiated pod-
zolic B1 and B2 hori-
zons found over most 
of the area 

'I'runcated B1 , B2 , and C 
horizons extend over 
most of the ground-
surface. B horizon 
often mottled plastic 
or heavy clay 

A and B horizons occur 
as buck-shot ironstone 
silty gravels and iron-
stone clayey gravels. 

4. Gi;OLOGY 

Southern soil mantle 

Not detected 

Below soil cover 

Found only at lower 
elevations 

Occurs over nearly whole 
area above highly weathered 
volcanic rock, clayey at 
lower elevations 

A and B horizons, buried 
in ~lopewash, found at 
lower elevations. B 
horizon occurs in other 
places 

Hemnants of B horizon 
occur in places 

Not detected 

'l'ne area traversed by Stage 2 of the proposed Tuggeranong Free\-lay 
is underlain by Siluro-Devonian acid volcanic rocks. 

The detailed geological map of Canberra (1:50 000) shows the rocks 
as part of the Deakin Volcanics (Sud.). 'rhe Deakin Volcanics include rhyolite* 

* See Appendix 2 for definitions and explanations of selected, underlined, 
geological terms. 
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rhyodacite, dacite, and toscanite welded tuff and lava as well as interbedded 
sandstone, shale, and limestone bands (Henderson & Strusz, 1971). 

Detailed Mapping 

The geology south of the area covered b~' this report has been 
mapped at 1:9 600 scale (Sheet P52, A.C.T. Planning Series) by Rossiter (1971) 
and Gardner (1968). Part of the area along and adjacent to Stage 2 of the 
freeway has been mapped by Gardner (1968) at 1:2 400 scale (Sheet H9C, A.C.T. 
Det9-iled llanning Series.). Figure 2 sholrfs rock exposure along and adjacent 
to the freeway alignment. 

4.3 Rock ]Ypes 

Two rock types have been distinguished in the area; ~ blue-grey 
rhyodaci te welded turf, ~ a purple spheruli tic rhyodacite welded turf (Fig. 
2). Sediments do riot crop out in the area mapped. It is considered unlikely 
they would occur ~n this ~ea concealed be+ow soil cover. 

The geological boundar,y between the two rhyodac~tes is obscured by 
soil cover but it is a continuation of that mapped by Rossiter .to the south. 
Blue-grey rhyodaCite does not appear to be as susceptible to weathering as 
the purple rhyodaei tee This Qou+d be because the purple rbyodaci te is 
spherulitic and ·contains more volcanic glass. · . . 

4.31 Blue-grey rhyodacl te 

In hand specimen this rock is or ritic and comprises Phenoc~sts 
of transparent quartz (up to 5 mm across, white to pale green feldspar ~p to 
3 mm acroBs) and dark brown to black biotite (up to 2 mm across) set in a 
dense blue-grey aphanitic matrix of devitrified volcanic glass. 

. . ~ 

A thil) section cut from this rock type, collec·ted by Rossiter 
immediately south of the area mapped, was e~ined. The section shows the 
rock is oomposed of phenoorysts of quartz, orthoclase and plagioolase feldspar, 
and biotite, set in a cryptocrystalline ground-mass of alkalic feldspar and 
quartz. The rock has undergone Bome alteration, the feldspar to sericite and 
kaolinite; biotite to epidote, chlorite, and iron Oxide. 

4.32 Purple spherulitic ,rhYodaclte 

In ~and specimen this rocks is also porphyritic and comprises 
phenocrysts of transparent quartz (up to ;mm across) and white, pale pink, 
and pale green feldspar (up to 5 mm across) set in a dense purple-grey to 
green-grey aphanitic ~trix of devitrified volcaniC glass. The overall colour 
of the rock depends partly on the degree of chemical weathering and partly 
on trace chemical constituents. 

Thin sections 9f the rock collected by Gardner, and to the south by 
Rossi ter, were examined. 'l'he section:=; show the rock is composed of phenocrysts 
of quartz, o~thoclase and plagioclase feldspar, and biotite set in a crypto-
crystalline groundmass of al~alic feldspar and quartz; spherules composed of 
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alkalic feldspar and quartz, . and devitrified glass shards, occur throughout 
both sections. The rock has undergone extensive alteration, feldspar to 
sericite and kaolinite; biotite ·to epidote. 

Hock Structure 
; 

Inspectio'n of air-photo. lineations indicates a strong joint system 
is present in the volcanics. The ··joint system comprises three joint sets 
which strike at abo~t 0450 • 0950 and 1500 grid north • . ~Toint measurements 
were not taken in th,e ·field because:·all 9utcrops comprised boulders. 

No folding .. of the volcanic rocks in this area has been observed 
but they may. have been tilted as interbedded and underlying sediments outside 
the freeway area dip' at . 350 - "450 ' to the · southwest (Wilson and . Newstead. 1967). 

4.5 RockWea:theri¥;, 

Vlelded . tuff-when unweathered ' is. very hard and strongand .can only 
be excavated by heavy drilling and : blasting. Volcanic rock along the freeway 
tends to weather ·some.vhat irregularly. to. considerable depths, - moderate 
weathering. (defiJ1ed.,in' Appeildix1 ) .has proceeded . to a ma:dmum clepth of 30 m, 
complete weathering has"progressed down to 10 m (seismic. resu.l ts) • . Moderately 
weathered volcanic rock. cmgeJ1erally be c4-illed' at a . medium rate and requires 
moderate ch8.rges:·of exp~osives to ·shatter· 1 t sufficiently for removal. Highly 
weathered . volc~c· rock needs ligpt drilling and: blasting. or may be . removed 
by USing heavyequipment, .inplaces •. · Completely weathered volcanic rock has 
the properties ·of a soil and is' treated as sucll. in this report. 

Under1·cond.itions .ofelevated topography, widely spaced*"rock 
jOinting, ., and rapid grounwater drainage, weathering of volcanic rock along 
jOint surfaces: leaves 1~ge · boulders~ 9t. intervening . rock as cores surrounded 
by completely weathered volcanic : rock. , The resultant weathering profile is. 
irregular. and difficult to pr.edict. , 

Inlow-lyiilg poorly · drained areas,.volemic rock weathering also 
beg1nD . along joint surfaces but the intervening blocks of rock are commonly 
more quickly decomposed than the rock in elevated localities • . 

5. SEISMIC REFRACTION SURVEY 

5.1 Results 

Eleven s~ismic spreads (Figure 3) along nine' intersecting and 
adjoining traverses were surveyed along and. across the freeway alignment where 
major road-cuts will be made. The results of these· spreads are shown as 
seismic. sections in Figures 4~l~ mob section has three or four seismic 
velocity layers, the . top . layer in eaoh case yielded a velocity of 310 m/s. 
The JD8,Jti~. ·· seismic velocity recorded: was 5100 m/s . (g.;.F" G-H" F1gs 4 and 5). 

* 1-2 m apar.t. 
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Seismic sections A-B and C-D (Fig. 4) suggest there is seismic 
anisotropy in the underlying rocks, that is, the rock has a faster seismic 
velocity east-west than north-south. This might suggest the rock is more 
strongly jointed east-west than Dor~-southl some other seismic sections do 
not confirm this anisotropy. 4.4 indicates the rocks should show some anisotropy. 

5.2 Interpreta tioD . 

Correlation of seismic velocity layer with particular soil or rock 
type, indicated by augering, is given in Table .4 and shown diagrammatically 
on Flate 1. Auger holes were sunk during the same field moisture conditions, 
at about the same time as the seismic traverses were surveyed. 

Table 4 

Correlation or sei!;lmic velocity layer with Boil or rock type 

Seismic velocity layer (m/s) 

310 

950 - 1100 · 

1150 - 1200 

1500 - 1609 

2100 - 3000 

3000 - 3900 

4000 - 5100 

Application of Results 
i 

Soil or rock type 

Topsoil, subsoil, cl~ 

Completely weathered volcanic rock 

Indurated slopewash 

Indurated slopewash unqerlain b.f 
highly we~thered volcanic rook 

Moderately weathered volcanic rock 

Slightly weathered volcanic rock 

Unw~athered volcanic rock 

Seismic res~lts taken in conjunction with rock type and structure, 
usually reliably indicate the excavatability of a particular soil or rock 
type. l-1aterial with a seismic velocity of up to 900 m/s can be moved by 
tractor-mounted scraper, blade, or shovel, velocity layers up to 1500 m/s 
can usually be ripped b~ D7 and De tracto~s or similar, fitted with hydraulic 
rippers (Bartle~t, 1971). 

Hard slightly weathered boulders less than 3 m across are not 
detected by seismic work (Hill, 1970). Numerous large boulders lIl&ke mechanical 
excavation difficult, and as they can be expected to occur in cuts along the 
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SEISMIC CROSS-SECTIONS A-B,C-D, AND E-F . 

VERTICAL AND HORIZONTAL SCALE 1 centimetre = 5 metres 
FOR REFERENCE SEE FIGURE 7 
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SEISMIC CROSS SECTIONS G-H,I-J, AND K-L FIGURE 5 

VERTICAL AND HORIZONTAL SCALE 
FOR REFER ENe E SEE FIGURE 7 
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SEISMIC CROSS SECTIONS M-N,O-P, AND Q-R. FIGURE 6 

VERTI CAL AND HORIZONTAL SCALE 1 centimetre = 5 m(-tres 
FOR REFERENCE SEE FIGURE 7 

310 
- - __ e. /of . _ _ 

~ _ ... ,. - , .. 

- 1100 

--- ---- -- - -
- - -....- ---

2100 1t; -
- 20 

- .. - ---- -.~- -- -- --- ---
4000 

.310 

S 

2200 
2S 

30 
melrlls 

Q (310 R.J1 -! 
-1 

- - -#. ----.::/ - - --950 --- - - ---
S 

I 1600 

1 t ---- -----------
2200 

To accomPGIW Record 1972/73 After sur~.y by Hill 8r p,ttifrr. 155/A16/S!6 



I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SEISMIC CROSS SECTIONS S-T AND U-V FIGURE 7 

VERT I CAL A NO HOR IZ ONT AL SCALE 1 centi metre = 5 metres 
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freeway 1-400 mls is probably the ripping lim t where they occur (Bartlett, 
1971). 

6. SOIu) 

6.1 General 

The &rea traversed by Stage 2 of the proposed Tuggeranong Freeway 
is underlain by a large number of different soil layers. The 'upper layers of 
most profiles con~ist of an organiC topsoil underlain by a leached sand-silt 
subsoil. Beneath th~se. soils one or more clay layers may occur. Clay layers 
are usually thicker on gentle (2 - 30 ) slopes and thinner or absent on moderate 
(3 - 60 ) slopes. 

Other soils that occur are creek-deposited alluvium, ~esidual iron-
stone gravell3, s19pewash off Mount Taylor, and residual completely weathered 
volcanic rhyodacite. 

6.2 Detailed Mapptgg 

No p~evious soil mapping has been ~dertaken by BMR in this area, 
and no other ~e;t~led soil mapping is known to the authors. Wilson investigated 
the soils on the eastern slopes of Mount Taylor (Wilson, 196.3). 

Soils were given a provisional unifieq soil classification (Fig. 9) 
in the field. Colour was assigned to each soil in its moist atate accordins 
to the Munsell notation. Where soils were mottled the dominant colour was 
recorded. Field samples wer.e sealed, transported to the laboratory, and a 
field moisture content* determi~t1on was performed on each sample. 

6., Soil Testing, Results, and Classification 

Wh~n fi~ld work was completed all samples were grouped J samples 
representative of each group were tested for partic:l.e size analysis and 
plasticity in accordance with Australian Standard A89-1966. Assessed California 
Bearing Ratio (CBR) of each Sample was calculated from particle size, plastiCity, 
and linear shrinkage data by using three equations included in Appendix 1(a). 

Modified compact~on and experimental CBR tests were performed on 
untreated field test pit samples (location shown in Fig. 8). Where the 
durabili ty of mineral grains was in doubt and breaking up of grains under 
compaction was evident in a sample, particle-size analyses and plasticity 
determinations were performed on the compacted sample. Compacted samples were 
recycled until the particle-size distribution and plastiCity became constant. 
Assessed CBB. "s on these samples fell on compaction. 

Detailed results of meChanical gradings, plasticities, and assessed 
CBR's on samples tested are given in Appendix 4. Experimental CBR and modified 
compaction results of samples tested are given in Appendix 5. 

* Note: Winter of 1971 had well below average rainfall. 
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Grading and plasticity results of samples th~t broke down on 
compaction are given in Appendix 6, which shows how the grading curves for 
each sample change in relation to its ideal grading curve. Ideal grading 
curves for all samples were calculated using the Talbot equation, details 
of which are given in Appendix 7(b). 

Auger drilling and excavation of test pits (Fig. 8), classification, 
and selected testing of samples defined 16 distinct soil units. 

Soil Units 

The 16 soil units that occur along this section of the freew~ are 
listed in 'J.'able ,. 

Number " 

Unit 1 

Unit 2 

Unit 3 
Unit 4 
Unit 5 
Unit 6 

Unit 7 
Unit 8 

Unit 9 
Unit 10 

Unit 11 

Unit 12 

Unit 13 
Unit 14 
Unit 15 
Unit 16 

, 

Table 5 ' 

Soil Units along the F.reew~ 

Soil description 

Sands and $ilt~ containing various amount. of orgamc 
matter. 
Pinkish grey to b~own sandy and fine gravelly silts, 
clayey silts and sands of low plasticity. 
Pinkish grey to brown silty ironstone gravels. 
Yellowish brown clayey ironstone gravels. 
Pinkish gr~y indurated slopewash of low plast~city. 
Br9wn clayey illdurated slopewash. 
Interst;atified sand and silt. 
Completely weathered volcanic rock. 
Grey clayey sand. 
Red clayey sand. 
Red friaple sandy clay. 
Re~ heaVy sandy clay. 
~ed to mottled red and yellow silty and lean clays. -
Mottled grey and yellowish red clays of high plastiCity. 
Mottled red, grey, and yellow heavy clay. 
Mas$ive olive fat clay. 

'The distJ:ibution of soil units beneath the freeway is shown on Plate 
1. Units are numbered 1 to 16 and each is described as follows& 
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TUGGERANONG FREEWAY, II 

IFIED SOIL CL.ASSIFICATION SYSTEM FIGURE 9 

MAJOR DIVISIONS SYM TYPICAL N'AMES 

GRAVELS, 
GP 

(More than 112 of 

. Well graded gravels or gravel-sand mixtures, 
littl e or no fines· 
Poorly graded gravels or gravel sand mixtures, 
little or no tines 

coarse fractIOn) GM Silty gravels.gravel-sand-silt mixtures 
no. 4 U.S. sieve size) r----ti9,......-------------------f 

GC Clayey gravels, gravel-sand '-clay mixtures 

SW sands ~r gravelly sands, II ttle or no 

SANDS 
SP graded sands or gravelly sand, litth~ or no 

(~ore than 112 of 
coOtM trachon < S M Silty sands, sand silt mi)(turn 
no. , U. S. $jeve sin l..-.-__ ~oi------------------~ 

SC 

ML 
v.ry sands,roc.k flour, ' silly 

SILTS & CLAYS 
ex clayey tin. sands ex clay.y silts with low plasticity 

--~W1--' ''- ' - - -~ .. ... --. -.. -.. -'---- - . - - -_ .. _-----1 

CL 
Liquid Limit ( 50 

Inorgcnc clays of low to mtdlum plasticity, grav.lly 
clay, sandy clays, ~lty clays, lean clays 

OL Orgtv1ic silts and organic silty clays of low plasticity 
- ." - - ~-- . - . . . .. 

MH Inorganic. SllrS, mlcactous or diatomaceous fin. 
sandy or Illty loti., .'oltIC Slltl 

.-----SILTS' CLAYS . _ . . __ ._ .. _--"""'-----
CH Inorganic ciaYI of high plalticity, fat clays 

L ,quid Limit) 50 ------.- .-.. --
Organic cloys of medium to high plasticity, 

.'- -.-.. - - oria~I~I~L.clayl, orger", si.!.!.~ __ ... ______ .. -1 
OH 

HIGHl V ORGANIC 
SOILS 

P,at and other highly organic soils Pt 

CLASSIFICATION CHAR T 
(UnififJd Soil Classtficat,on System) 

• fin •• - portion of Q .. nil finer 
than a no. 100 sfev, 

P. ASSfFICATl ON _GE OF GRAIN SIZES 1 
U~.~t~d ."'QI~I s,:: 

I~. In ml I . !"~ 

BOULDERS A*. 12" Abov. 305 . 
-.. 

COBBLES 12" to 3" 305 to 76· 2 

GfltAY£L rto No,' 7§·~to '·16 
coer •• J" to 3/'· 76-2 to 19·, 
fin. 3"; toNo.4 19'1 to 4·16 

SAND !.'fg 4 lQ ~~OO 4·?§ 12 ()O074 
coarse fll)4 to No 4'~ '02·00 
Il"IP"d ium ""'0 to No IiJ 2-00 to 0·1.20 
fi~ No 4.() to No 20C 0'420to 0·074 

SiLT & CLAY telow No 200 lfiIow O'OX 
"-

GRAIN SIZE CHART 
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UNIT 1: Sands and si~ts containing various amounts of organic matter (topsoil). 

Unified classification: Organic silts (01) 

Occurrence: The uppermost soil layer along the entire length of the alignment 
except where removed by erosion between chainages 15 510 to 15 970 m. It is 
normally 0.1 - 0.2 m thick. 

Comments: Unsuitable for use as fill material but could be used for landscape 
topdressing. 

UNIT 2: Finkish grey to brown sandy and fine gravelly silts; clayey silts 
and fine sands of low plasticity. 

Unified classification: Inorganic silt of low plasticity (ML) 

Occurrence:** 
Chainage Thickness (m) Depth below ground 

surface (m) 

13 590 - 14 500 0.1 - 0.5 0.1 - 0.2 
14 640 - 15 210 0.2 - 0.5 0.1 - 0.2 
15 300 - 15 510 0.1 - 0.5 0.1 - 0.2 
16 050 - 16 310 0.1 - 0.6 1.8 - 1.9 

Field characteristics: Close to the surface this soil is hard except where 
disturbed. Where more deeply buried (between chainages 16 050 - 16 310) it 
is soft and wet or very moist. 

Comments: This soil represents a strongly leached zone in the soil profile. 

UNIT 3: Pinkish grey to brown ironstone gravels. 

Unified classification: Silty gravel (GM) 

Occurrence: 
Chainage Thickness (m) Depth below ground 

surface em) 

14 500 - 14 640 0~2 - 0.3 0.1 - 0.2 
14 820 - 14 950 0.1 - 0.5 0.4 - 0.7 
15 140 - 15 300 0.1 - 0.6 0.1 - 0.6 

Field characteristics: Very hard in situ especially when dry, consists of 
ferruginous concretionS up to D2 m diameter embedded in a matrix of fine sand 

** Note: the data given in the tables under Occurrence are interpretive and 
based on the limited augering: they should be treated with due caution. 
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and silt. Shows a significant loss of strength once its structure is 
disturbed. 

Parameters: Lower liquid limit 
Plasticity index 
Linear shrinkage 
Assessed \illli 

comments: 1'his soil is poorly graded as it contains 10\-1 percentage of 
medium and coarse sand fractions (Appendix 4). The high silt fraction is 
responsible for a rapid strength decrease once the optimum moisture content 
is exceeded. Close moisture control will be necessary when these ironstone 
gravels are being compacted. 

UNIT 4; Yellowish brown clayey ironAtone gravel. 

Unified classification: Clayey gravel (Ge) 
Occurrence: 

Chainage (m) 'l'hickness (m) Depth below ground 
surface (m) 

14 190 (Cross-section 0.1 - 0.6 0.3 - 0.7 
I - J) 

14 870 (Cross-section 0.4 - 0.5 0.3 - 0.5 
E - F) 

Field characteristics: The soil consists of concretionary ironstone nodules 
up to .02 m diameter embedded in a silt and clay matrix. It is not well graded 
as there is a lack of sand size fractions. 

Comments: Soil west of chainage 14 190 may have formed from alluvium whereas 
that west of 14 870 probably had a colluvial origin. 

UNIT 5: Pinkish grey indurated slopewash of low plasticity. 

Unified classification: Sil ty sand ( 8M) 

Occurrence: 
Chainage (m) Thickness em) Depth below ground 

surface em) 

14 620 - 15 130 0.2 - 1.6 0.3 - 1.5 
15 250 - 16 080 0.3 - 4.2 o - 1.0 
16 050 - 16 200 0.1 - 1.0 1.8 - 3.0 
16 200 - 16 330 0.2 - 0.8 0.8 - 1.6 
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Field characteristics: The soil is hard, porous, and permeable in situ 
and consists of cemented quartz and feldspar sa.nd and silt size grains. 
Slopewash between 15 550 and 16 000 contains weathered boulders, and 
cobbles up to 0.5 m in diameter; this material could be not penetrated 
with the auger. 

Parameters: Lower liquid limit 
Plasticity index 
Linear shrinkage 
Assessed CBR 
Experimental CBR 

19 - 28% 
5 - 127~ 
2 - 6% 

20 - 25/~ 
43 - 113% 

Com~ents: When disturbed the slopewash breaks down to small porous 
aggregates which are unstable in water; on compaction slopewash forms a 
tight interlocking mass which is very elastic. There is a small increase 
in the silt-size fraction on remoulding; this rapidly decreases the 
strength of the slopewash once the optimum moisture content is exceeded. 
Close supervision of field moisture content is necessary to achieve good 
compaction. 

UNIT 6: Brown clayey indurated slopewash. 

Unified classification: Clayey sands (SC) 

Occurrence: 

Chainage (m) Thickness (m) Depth below ground 
surface (m) 

13 640 - 13 100 0.1 - 0.7 0.3 - 0.1 
13 680 - 13 810 0.1 - 1.3 1.0 - 2.3 
14 050 - 14 180 0.1 - 0.7 0.1 - 1.2 
14 190 - 14 290 0.3 - 0.5 0.3 - 0.6 
14 580 - 14 780 0.2 - 1.2 2.5 - 2.8 
14 770 - 14 860 0.1 - 0.3 2.3 - 2.5 
15 920 ~ 16 290 0.1 - 2.4 0.3 - 0.7 

Field charaoteristics: This slopewash is relatively hard and porous in 
situ. It consists of quartz and feldspar sand and silt-size particles 
cemented by silica and clay. Feldspar has undergone extensive weathering 
to clay which lowers the strength of this slopewash considerably. 

Parameters: 

Comments: 

Lower liquid limit 
Plasticity index 
Linear shrinkage 
Assessed CBR 

30 - 36% 
13 - 19% 
6 lOfo 

14 - 15~~ 

Should be rippable and will compact well. 
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UNIT 7: Inters~ra~~Lied sand and silt (alluvium~. 

Unified classification: Inorganic silt and fine sands of low plasticity (ML) 

Occurrence: 
Chainage (m) Thickness (m) Depth below ground 

surface (m) 

14 730 - 14 860 0.1 - 0.3 1.6 - 2.7 

Field characteristics: Alluvium consists of alternate sand and silt layers 
each about 0.02 m thick. They are very soft; when examined in the field sand 
layers were wet and silt layers moist. 

Comments: 
upslope. 

The alluvium is a good aquifer and drains groundwater from 

UNIT 8: Completely weathered rhyodacite. 

Unified classification: clayey sands (SC) 

Occurrence: 
Chainage (m) Thickness (m) Depth below ground 

surface (m) 

11 590 - 15 240 1.3-4.9 0.8 - 3.1 
16 070 - 16 340 0.1 - 5.5 1.2 - 3.3 

Field characteristics: Completely weathered rhyodacite is capped by an 
indurated ferruginous crust up to 0.10 m thick; underlying material is normally 
soft and shows an increase in grain size and a decrease in plastiCity with 
increasing depth. Three sub-units of the completely weathered rhyodacite can 
be distinguished on the basis of colour and other field properties; they are: 

Parameters: 

Sub-unit 8A 
Sub-unit 8B 

Purple completely weathered rhyodacite. 
Reddish, yellowish, and greyish brown 
completely weathered rhyodacite. 
Greeni :~h yellow completely weathered 
rhyodacite. 

Sub-unit 8e 

Lower liquid limit 
Plasticity index 
Linear shrinkage 
Assessed CBR 
Experimental CBR 

28 - 36% 
10 - 18% 
6 - 10% 

20 - 23% 
23 - 30% 

Comments: Sub-unit 8A has a higher strength than sub-unit 8B which is 
stronger than Sub-unit BC. Residual strength is derived from quartz, feldspar, 
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and mica; however, only quartz does not break down easily under pressure. 
The change of index properties for each sub-unit after compaction is shown 
in Appendix 6. The approximate percentage breakdown of sand-sized mineral 
grains to silt and clay-size fractions is estimated to be: 

UNIT 9: 

Sub-unit 8A 
Sub-unit 8B 
Sub-unit 8C 

Grey clayey sand. 

Unified classification: Clayey sands (SC) 

Ocourrence: 
Chainage (m) Thickness (m) 

14 280 - 14 500 01 - 0., 

Depth below ground 
surface (m) 

1.0 - 1.9 

Field characteristics: This grey clayey sand is quite permeable in situ and 
has formed in place from completely weathered rhyodacite. Colour is due to the 
reduction of ferric ions in the clay. 

Parameters: Lower liquid limit 
Plasticity index 
Linear shrinkage 
Assessed CBR 

UNIT 10: Red clayey sand. 

Unified classification: Clayey sand (SC) 

Occurrence: 

46 - 53% 
26 - 35% 
10 - 12% 
12 - 14% 

Chainage (m) Thickness (m) 

13 160 - 13 810 0.1 - 0.1 
14 030 - 14 140 0.1 - 0.5 

Depth below 
ground surface 

0.2 - 0.3 
0.3 - 0.4 

Field characteristics: This clayey sand is made up of sand-size quartz and 
weathered rock grains in a lean Clay binder. 

Parameters: Lower liquid limit 
Plasticity index 
Linear shrinkage 
Assessed CBR 
Experiment (;BR 

Comments:. (;ompaction of this soil will break down the weathered rock grains 
to silt and clay-size particles (A~pendix 6) but good compaction should be 

(m) 
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achieved especially if the field moisture content is slightly above the 
optimum. 

UNIT 11: Red friable sandy clay. 

Unified classification: Clayey sand (SC) 

Occurrence: 
Chainage (m) Thickness (m) Depth below 

ground surface 

13 850 ~ 13 970 0.1 - 0.6 0.3 - 0.4 

Field characteristics: This soil consists of sand-size quartz and weathered 
rock grains in a stiff red clay binder. 

Parameters: Lower liquid limit 
Plasticity index 
Linear shrinkage 
Assessed CBR 

44% 
25% 
11% 
15% 

Comments: Compaction of this soil breaks down the weathered rock grains to 
silt and clay-size particles (Appendix 6) but good compaction can be achieved 
over a large range of field moisture contents. 

UNIT 12: Red heavy sandy clay. 

Unified classification: Clayey sand (SC) 

Occurrence: 
Chainage (m) Thickness (m) Depth ·below 

ground surface 

13 930 - 14 050 0.1 - 0.6 0.3 - 1.0 

Field characteristics: This soil consists of sand-size quartz and weathered 
rock grains in a heavy red clay binder. 

Parameters: Lower liquid limit 
Plasticity index 
Linear shrinkage 
Assessed CBR 
Experimental CBR 

54% 
34% 
12% 
10% 
10% 

Comments: ~ompaction of this Boil will break down the weathered rock grains 

(m) 

(m) 

to clay and silt-size particles (Appendix 6) but good compaction can be achieved 
provided the optimum moisture content is not greatly exceeded. The workability 
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and strength of this soil can be improved by stabilization. 

UNIT 13: Red to mottled red and yellow, silty and lean clays. 

Unified classification: Inorganic clays of low to medium plasticity (eL) 

Occurrence: 
Chainage (m) Thickness (m) Depth below ground 

surface (m) 

13 710 - 13 770 0.1 - 0.3 0.2 - 0.3 
14 440 - 14 500 0.1 - 0.3 0.1 - 0.2 
14 530 - 14 850 0.1 - 0.7 0.5 - 1.0 
14 940 - 15 000 0.1 - 0.2 1.6 - 2.1 
16 090 - 16 340 0.1 - 0.5 0.2 - 0.3 

Field characterietics: Soft and friable over a wide range of moisture contents. 

Parameters: Lower liquid limit 
Plasticity index 
Linear shrinkage 
Assessed CBR 

40 - 50% 
25 - 3OU~ 
11 - 13% 
7 - 10% 

UNIT 14: Mottled grey and yellowish red clays of high plasticity. 

Unified classification: Inorganic clay of high plasticity. (CH) 

Occurrence: 
Chainage (m) Thickness (m) Depth below ground 

surface (m) 

13 640 - 13 800 0.1 - 0.3 0.4 - 1.7 
14 140 - 14 220 0.1 - 0.3 0.2 - 0.3 
14280 - 14 410 0.1 -0.3 0.2 - 0.4 
14 480 - 14 690 0.1 - 0.3 0.3 - 0.4 
14 940 - 15 000 0.1 - 0.2 0.1 - 1.0 
16 280 - 16 340 0.1 - 0.2 0.1 

Field characteristics: This soil consists of soft, crumbly red ironstone 
nodules up to 0.01 m in diameter set in a matrix of yellowish-brown clay. It 
has a friable consistency in dry and moist condi tiona but tends to PU8 when 
the moisture content exc.eeds the .' lower plastic limit. 



Parameters: 
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Lower liquid limit 
Plasticity index 
Linear shrinkage 
Assessed COO 

55 - 10% 
35 - 45% 
13 - 17% 
5, 6, and 7% 

Comments: Compaction of this soil breaks down the sand-size ironstone grains 
to silt-size particles. Maximum compaction will be obtained below the optimum 
field moisture. This highly plastic clay can be stabilised to improve -its 
strength. 

UNIT 15: Mottled red, grey, and yellow heavy clay. 

Unified classification: Inorganic clays at high plasticity (CH) 

Occurrence: 
Chai ll88e (m) Thickness (m) Depth below ground 

surface (m) 

13 5S0 - 13 610 0.1 - 0.1 0.2 - 1.5 
14 210 - 14 500 0.30 - 0.46 0.46 

Field characteristics: This heavy clay has a massive structure and a high water 
absorbtive capacity, it is very hard when dry and very puggy when the field 
moisture content exceeds the lower plastic limit. 

Parameters: Lower liquid limit 
Plasticity index 
Linear shrinkage 
Assessed COO 
Experimental CBR 

65 - 15% 
40 - 50% 
15 - 1S% 
3 and 4% 

4% 

Comments: The potential swell and compressibility of this clay is high, the 
bearing strength is low, it is not suitable for use as subgrade material 
immediately below the freeway though it could probably be used in some fills. 
This clay should be stabilized or removed. 

UNIT 16: Massive olive fat clay. 

Unified clas~ification: Fat clay {CH) 

Occurrence: 
Chainage (m) Thickness tm) Depth below ground 

surface (m) 

13 5S0 - 13 bSO 0.1 - 1.3 1.1 - 2.1 
14 120 - 14 450 0.1 - 1.0 0.5 - 0.1 
14 ~OO - 15 030 0.1 - 1.5 O.S - 2.S 
14 100 - 14 '190 0.1 - 0.1 0.2 - 1.0 
14 930 - 15 030 0.1 - 0.6 0.3 - 1.0 
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Occurrence: 
(Cont'd) l;hainage (ril) 

15 ~70 - 15 530 
15 430 - 15 500 
15 550 - 15 810 

15 550 - 15 810 
16 100 - 16 270 
16 100 - 16 270 
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Thickness (m) 

0.1 - 0.3 
0.1 - 0.2 
0.1 - 0.2 
0.1 - 0.2 
0.1 - 0.2 
0.1 - O.~ 

Depth below ground 
surface (m) 

0.4 - 0.8 
1.1 - 1.5 
0.5 - 0.8 
1.0 - 1.5 
1.2 - 1.~ 

2.1 - 2.2 

Field charac~eristicsl . The colour of this clay varies from light olive grey 
to light olive brown, it has a high capacity to absorb water, is very hard 
when dry, and is very puggy when the field moisture content exceeds the lower 
plastio limit. 

Parameters I Lower liquid limit 
Plasticity index 
Linear shrinkage 
Assessed CBR 
Experimental CBR 

70 - 90" 
50 - 65% 
15 - 20% 
2 and 3% 

5% 
Comments: The potential swell and compressibility of this clay is high and 
the bearing strengt~ low, therefore it would not be suitable for use as sub-
grade immediately below the freeway. It should be stabilized or removed. 

7. ENGiNEERING ASPECTS 

7.1 Water 

7.11 Surfaoe water run-off from the area was originally by five tributaries 
of Weston Creek, designated A, B, C, D, and E on Figure 10. At present a storm-
water drainage channel, excavated above the suburb of Fisher, diverts the flow 
of water from creeks D and E southwards into the Village Creek catchment. This 
presumably prevents large volumes of fast-flowing water, carried by the creeks 
after heavy rain on the western slopes of Mount Taylor, from spilling onto 
residential areas • . 

The stormwater drain that diverts creeks D and E southwards increases 
the recharge onto this part of the Village Creek catchment. Natural draill8.ge 
after heavy rain is inadequate to remove the recharge and has resulted in large 
areas of boggy ground developing below the stormwater discharge point (see Fig. 
10). The ~oggy ground and stormwater channel both lie in the path of the 
freeway, therefore the stromwater channel will have to be moved and redesigned 
before freeway construction begins. 

Surface water should not present any problems in cuts along the 
freeway if normal drainage provisions are made. 
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The road cut down to the level of creek C through moderately 
weathered volcanic rock will require the underpassing or diversion of the creek. 
The existing stormwater drainage intake for this creek appears to be inadequate 
so it may be more practical to divert this creek into the stormwater channel 
that will drain creeks D and E. 

7.12 Groundwater seepage occurs through alluvium beneath the freew~ 
alignment adjacent to creek B (Figure 10). The flow of water in the alluvium 
is maintained after heavy rain by creek B, which is fed for most of the year 
by groundwater flowing through the zone of near-surface weathered rock. The 
groundwater seeps into the creek through a major linear structure that is 
oriented parallel to the creek. Construction of the freeway over, and the 
subsequent loading of, the alluvium will impede groundwater flow and could 
result in springs appearing on the upstream side of the freeway. Drains upstream 
of the alluvium (Fig. 10) would prevent groundwater problems from occurring. As 
surface water, soil water, and groundwater are all inter-related a change of one 
will necessarily bring about a change of the others. 

It is not expected that seepage will present difficulties where cuts 
are to be made. l~e sides of excavations should not be undercut b,y seepage 
as · the lower part of each cut is in moderately weathered or highly weathered 
rhyodacite. A few initial drill holes in areas where cuts are to be made would 
enable the Bureau to assess possible water flow. 

7.2 Excavation 

7.21 The upper part of the completelj weathered volcanic rock (generally 
about 0.1m thick) has been cemented and is in most places hard. It may be 
difficult to rip this upper part but, once removed, the remaining completely 
weathered rock is generally softer. 

7.22 Completely weathered volcanic rock is difficult to excavate in cuts 
where large boulders of fresh or slightly weathered rock are present in 
appreCiable numbers. 

7.23 Indurated slopewash could be ripped by heavy ripping equipment such 
as a D8/D9 or tractor fitted with hydraulic rippers. The thickness of indurated 
slopewash is variable and the boundary behreen it and highly weathered volcanic 
rock is irregular. Highly weathered volcanic rock normally needs light blasting 
before it can be moved. 

7.24 Stability of weathered rhyodacite in cuts depends primarily on 
joint orientation, once excavation of cuts beings, rock jointing could be 
examined by Bureau geologists and a stability assessment made. 
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8. CONCLUSIONS 

. 
Two distinct soil mantles occur along the route of the proposed 
freeway. 

The area traversed forms a pediment of diverse Boils between the 
Canberra-Yass and Yarralumla landsurfaces. 

Two rhyodacites were mapped, purple spherulitic rhyodacite appears 
to be more susceptible to weathering than blue-grey rhyodacite. 

Rock joint orientations determine cut stability, air-photographs 
indicate three joint sets at about 0450 , 0950 and 1500 , a visit by 
Bureau officers to examine stability should be made soon after 
excavation begins. 

Excavation in completely weathered volcanic rock will be difficult 
where appreciable numbers of slightly weathered boulders occur as 
floaters. 

Seismic refraction surveys indicate that most cuts will be through 
soil and underlying moderately or highly weathered rhyodacite. 

Tests carried out by BMR indicate that the 16 soilun!ts mapped 
are nearly all usable for fill or subgrade, heavy fat clays close 
to the finished surface level of the freeway will have to be 
removed or stabilized. 

Drainage of creeks, C, D, and E (Fig. 10) will need to be redesigned, 
the present stormwater drain will need to be relocated. 

Seepage into and undermining of cuts should not be a problem, 
several initial drill holes where cuts are to be made would enable 
BMR geologists to assess possible water flow. 

Seepage through alluvium adjacent to Creek B (Fig. 10) should 
decrease if the flow of water from the creek is draine~ off above the 
aquifer. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-22-

9. RhlFERENCES 

BARLETT, A.H., 1911 - Geophysical aspects of engineering investigations. 
43rd ANZAAS Congo (Geology), Sec. 3. 

BUTLER, B.~., 1959 - Periodic phenomena in landscapes as a basis for soil 
studies. CSIRO Soil publ. 14. 

CRAP!', F.A., 1933b - The surface history of Monaro, N.S.W. !Toc. Linn. Soc. 
N.S.W., 58, 229-44. . 

GARDl~, D.8., 1968 - Preliminary notes on the geology of the Tuggeranong 
Urban Development Area, A.C.T. Bur. Miner. Resour. Aust. Rec. 19b8/15 
(unpubl.) 

l{8NDl!:RSON, G.A.M., and STRUSZ, D.L., 19'(1 - 1: 50 000 Geological Map, Canberra 
City, A.C.T. Bur. f"uner. Resour. Aust. explan.Notes. 

HILL, F.J., 1910 - Seismic refraction survey at Belconnen ~o. 5 Reservoir site, 
A.C.T. Bur. Miner. Resour. Aust. Rec. 19'/1/89 (unpubl.) 

HOUNAM, C.E., 195'/ - Maximum possible rainfall over the Cotter River Catchment. 
.!:lur. Met., i'ieteorological study 10. 

ROSSITER, A.G., 1911 - Preliminary notes on the geology of the Village Creek 
area, A.C.T. Bur. Miner. Resour. Aust. Rec. 1911/11 (unpubl.) 

TERZAGHI, K., and PECK, R.B., 1961 - SOIL MECHANICS IN ENGINEERING PRACTICE. 
N. York, Wiley. 

VAN DIJK, D.C., 1959 - Soil features in relation to erosional history in the 
vicinity of Canberra. CSIRO Soil publ. 13. 

WILSON, C., and NEWSTEAD, P., 1961 - Geology of the Weston Creek area, 
Australian Capital Territory. Bur. Miner. Resour. Aust. Rec. 1961/102 
(unpubl.) 

WILSON, E.G., 1963 - Soil and scree deposits of Woden, Australian Capital 
Territory, and their relationship to underground drainage. Bur. Miner. 
Resour. Aust. Rec. 1963-101 (unpubl.) 



1 
I 
1 
I 
I 
'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

FRESH 

SLIGHTLY WEATHERED: 

MODERATELY WEATHERED: 

HIGHLY WEATHERED: 

COMPLETELY WEATHERED: 

APPENDIX 1 

WEATHERING - DEFINITION OF TERMS 

Rock shows no discolouration or loss of strength. 

Rock is slightly discoloured b~t not 'noticeably 
weakened; a two-inch diameter drill core cannot 
usually be broken by hand across the rook fabric. 

Rock is discoloured and noticeably weakened, but 
a two inch drill core cannot usually be. broken by 
hand across the rock fabric; ripping 'by bulldozer 
not possible. 

Rock is usually discoloured and weakened to such 
an extent that a two-inch drill core can be broken 
by hand across the rock fabric. Wet strength 
generally lower than dry strength, . ripping with 
bulldozer may be possible along jOint planes. 

Rock is discoloured and entirely broken down to an 
aggregate of particles that has the mechanical 
property of a soil, the original fabric of the rock 
is mostly preserved. 'rhe properties of the soil 
depend on the composition of the parent rock, 
easily ripped by a bulldozer. 
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APP8NDIX 2 

GLOSSARY OF S1!:LEI.;TED GEOLOGIt;AL TERNS 

ACICULAR: 

ALKALIC: 

APHANITIC: 

CRYPTOCHYSTALLINE: 

DACI'l'E: 

GROUNDMASS: 

m'rRIX: 

FIlliNOCHYST: 

PORPHYrtITI\i: 

RHYODAC I'l'B: 

RHYOLITE: 

SPHERULE: 

SFHERULI'rIC: 

TOSCANITE: 

TUFF: 

Needle-shaped. 

Containing ions of one or more alkali metals. 

A crystalline texture too finely grained to be 
distinguished by the unaided eye. 

Crystalline, but so finely grained that 
individual component crystals cannot be resolved 
under a microscope. 

'l'he aphani tic or glassy equivalent of a 
granodiorite, that is, a rock consisting 
essentially of plagioclase, qu~tz, pyroxene 

. or hornblende or both. 

Material between phenocrysts in a porphyritic 
igneous rock. . 

'l'he groundmass of a porphyritic irngeouB rock. 

Large conspicuous Qrystal of earliest generation 
in a porphyritic igneous rock. 

Large crystals Bet in a finer groundmass which 
may be crystalline or glassy, or both. 

The aphanitic or glassy equivalent of an 
adamGllite; that is, a rock consisting essentially 
of plagioclase, orthoclase, quartz, and biotite •. 
The proportion of orthoclase to plagioclase 
feldspar is greater than 1:1. 

The aphanitic or glassy equivalent of a granite, 
that is, a rock consisting essentially of alkalic 
feldspar and quartz. 

Radial aggregrate of acicular crystals. 

Containing spherules (which see). 

A rock of rhyodacitic composition in which the 
plagioclase feldspar is labradorite. 

A rock made of compacted volcanic fragments. 

A tuff indurated by residual heat. 
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APPENDIX 3 

VERTICAL SECTION OF AUGER HOLES 1 AND 2 
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APPENDIX 3 

VERTICAL SECTION OF AUGER HOLES 3.4.5.6 AND 7 
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APPENDIX 3 

VERTICAL SECTION OF AUGER HOLES 8.9.10 AND 11 
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APPENDIX 3 

VERTICAL SECTION OF AUGER HOLES 12,13 AND 14 
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"5VR 712 
ironstone ,rowl. 
Pi nkilh I'.Y indurotfd . 
Slopowolh. vory hard. 
'·SVR 7/2 

Lilht brawilh Irey. 
'induroto4 siopewailli 

SM fin" grainerd and liard. 
.10YR &12 

CH 
Lilht olivo brown 
fllalive clay with 
di ... ",ina tod CCIIbona .. 
& f.ldspar. 2'S V 5/4 

. Light brownish .... y 
SC cOlllpl.toly waathltr.d 

rh,odoc.i t •. 
10VR 612 

CL Chlori tic . clay. 5Y68 

sc 
Or~onish yollow 
c ornplotolv nath"rod 
rhy oda tit. wi th bands 
of kaolinitiC lInd 
chloritic ~Iay; very sOft. 
5Y 6/8 

To actompany Rocord 1972173 

"0.13 
23/7171 eroup Dacrjptjpn 

N.C. ImJlJJ •. ,'/0, lolL Pinki.h Irey .ondy .ilt. 
, - '·5 VR &/2 

21-0'/. 

17'2'/. 

CM 

eH 
SM 

CL 

CM 

P.le olive fIIassive clay 
with jollow and red 
",ottl... SUI' 

Mottled yellowish rod 
and Groy clay SVR4/8 
Pinkish .ro, indurated 
,lopow •• Il: 7.SYR 1/2 
Iton.tone ,ravel. 
Mottt,.. gr., & reddish 
yoltow leon clay. 10VR 112 
Light olivo bro"n 
massi .. cloy With rerd 
& ytllow ",ott los. 2·5VS/4 

NO.14lcont., M.e. 

SC 

sc' 

""iple complo t.ly 
woath.red r",odocit., 
loft. 'OR 413 

Putplo coorsor 
,roln.d compl.toly 
woathorod ;h,odocito; 
"ord. 10 R 4/3 

Motros 
o 

0·5 

1' 5 

2 

M4trclS 
4·5 

5 

5'5 

6 

6'5 

7 

Chock.d No· ISS/A16/f1S9140f 111 
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5 
APPENDIX 3 

VERTICAL SECTION OF AUGER ·HOLES 15 .. 16 .. 17 AND 18 

Molrers N0.15 
o 16/11171 Gl'oup ~aliAD 

N. C. .lY1!LI!.lJ 

0·5 

2 

13'9-'_ NL flinkish ... ., SClncty silt. 
7·5 YR 6/2 

11."4-'_ 

'0"-'_ 

MottlM dark , .. yond 
CH yollow fat clay. 

CH 

CL 

5Y4/1 

Light olin grey clay 
with somt. ~.lIow 
moths. 5Y 112 
Stratifiod 'loy and 
yollow I"n clay. ,OYA5/2 
Light browni.,.. groy 

SM-SCinduratod slopewashl 
ver., hard. 'OYR 6/2 

MH 6roy silt. 5Y 6/1 
$MoSC Light brownish ~y . 

. induratod Ilopew" ,OVR 61 2 
MH Gr.y silt. SYll1 

Stra tifiod . fino sand 
and silt. I soft 1 
Yellowish brown clayoy 

SC induratod slopowash; 
hard. 'OYR 5/8 

2' 5 16·9-'_ 
Light oli vo brown ma.li_ 

CH clay with diuominated 
carbonato & folds par. 
2'5Y 5/4 

3 

Motros 
o 

0·5 

2 

2·5 

No.17 

SC Purple c~,.lotoly WIICIthorod 
rhyodae-"o. 10R 413 

191717' Group I2IK!i Rllim 
M. C. .Jmu.1 

iM 

CH 

CL 

CH 

sc 

Pinkish ,roy silt y 
Irani 7·5YR 6/2 
Groyi'" brown ~ I Of; 
man lano.o slalnod. 
gravol Ion., 
M oUled groy I roddi.h 
,ollow loan clay. 
'OYR 612 

light olivo brown 
mauivo clar· with . 
till' and yol ow mottllS. 
2·5Y 514 

gravol Ions. 

Light fitlY clayo., 
sand. 'OYR 11' 

To accompany RII~d 197217.1 

NO.,I 
2017/7' &rouP 

M.C .IY..!11UJ 

11 '3". ML Litht brownish grey 
" clayoy silt '0 YA 612 

NO." 

Mottlod ,ro, ond 
CL ,ellow loan clay. 

10YR 618 

Pinkish groy ind uratod 
SM SC

· slopowasf\; very hard. 
• SYR 6/2 

ironstono gravol. 

6rey clay. 5Y 611 

Mottlod ,r.y' roddish 
yollow loan clay 
'OYR 611 
quartz gravol. 

Pinkish Iro., induratod 
slopowash. 5YR 612 

'''''* complotoly 
weatherod rhyoda,ito. 

'OYR 4/3 

. 20171'1' Group PWcjDtjpO 
M.C. .JDlbl 

1M 

CH 

CH 

SC 

'inkish ,ro, silty 
Iravel. 7·5YR 612 
"otlt.d ,0Uowish rod 
ond ,roy clay. 
SYR 4/1 
light olivo brown I'ftOSsivo 
clay with disHminatod 
carbona to I fetdspar, 7·5Y5/4 
Roddish ,.lIow comploto'" 
woathorod rh,04o(.; t~. 
7·5 Yft 7/1 

0·5 

2 

2·5 

3 

3·5 

Nolrn 
o 

0·5 

,. 5 

2 

2'5 

Drawing No. 
ISS/AI6/8S' 

I c; 01 11) 
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6 
APPENDIX 3 

VERTICAL SECTION OF AUGER HOLES 19" 20" 21.. 22 AND23 

Mcttrcts 
o 

0-5 

1·5 

2 

2-5 

M"trcts 
o 

0-5 

'·5 

2 

MotrctS 
0 

0·5 

1-5 

NO.1' 
19/7111 Group QuWII1iR!l 

N.C. !.Y~ 
Pinkish grety sandy lilt. 

NL SYR 612 

CL 

CH 

sc 

SC 

NO.2' 
16/7/71 Group . 

Yellowilh rod letan clay. 
SYR 416 
Mottl.d retd. grey& yetllow 
heavy clay. IOYR 514 

Light olin grey clayety 
Hnd. 5Y 612 

Purplet complettetly 
wetathetred 'hyodaeit~. 

10YR 413 

M.C. IY..m.aJ P""iption 

SM 

1Z·64Y. IC 

CM 

CH 

NO.23 a 17111 Sroup 

Alluvium. 

fetllowish brown clayey 
indurated slopctWas". 
10YR 51& 

Lilht olivo brown 
massive clay with rod 
mottles. 2'SY 5/6 
Mottl.d yetllowish 
brown & grey clay. 
10YR 81' 

M.C. 1vmJut1 Q.u.s.tiR t ion 

6·5·'. NL LiRhl brown Hndy 
si . 7-5YR 1/4 . 

SC Yell owish r.d clay.y 
sand. SYR 51' 
Srown induratetd 

12" ·1. SC slopewash; hard. 
7'SY1Il514 

'6·'·,. SC 
Yetllowish brown clay.y 
indural.' slopetwash. 
10YR 511 

SC Compl.'.1 y wetathctred 
rhyodaei t •. 

To accompany Roco,d 1972173 

NOol0 
20/7171 Sroup ~p.tion 

M.C. JlJDUJ 

22'3·'. 

23· 1 .,. 

Mottl •• ,ollowis" red 
C M and gr., cia,. 

CH 

CM 

5YR 411 
Mottletll red. ,roy and 
y.llow "eavy clay. 
10YR 5/4 

Light oliVet grety massivet 
clay with retd mottlets. 
5 Y &12 

2,·5·,. CM 
Light olive ,roy ma.sivo 
clay wi th cllsMminatetd 
carbonatet & foldspar. 5Y6I2 

CH 

sc 

Olin grey massivet clay. 
SY 512 

Litht grety cloycty sand. 
5Y 7/2 

NO.22 
20/7171 Itoup QJH.dR1iAJJ 

M_e. umbol 
M L Piftkish ,rey sandy silt. 

7'5YR &(2 

eH 

CH 

SC 

Dark Ir.,ish br own 
fat clay. 10YR 1/2 

LightOli .. brown 
massive clay with 
diu.minat .. carbonate 
and feldspar. 
2·5Y 5/4 

COnlplo to I, woo",.,etd 
rhyodacit •. 

M.tru 
o 

0·5 

1·5 

2 

2·5 

M.ttes 
o 

0 ·5 

1· 5 

2 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7 
APPENDIX 3 

VERTICAL SECTION OF AUGER HOLES 24. 25. 26 AND 27 

Motr05 NO.24 
0 8/7/71 Group ~tion 

M.C. ~ 

Ml Pinkish groy sandy silt. 
7·SYRII2 

0·5 SC Park rod sandy clay. 
10 YR 3/6 

conwntod f.,ruginoln 
la,~,. 

Yollowish rod complotoly 
SC woathorod rhyodac i to . 

SYR 418 
1·5 

10·ge/e CL ehloritisod layor 
2 ( clayoy'. 

g., e/. SC 
Gtoonish yollow com,p.lotoly 
woathorod rhyodac.to. 

2 '5 SY 6/8 

3 

Motros 
0 

/10.26 8/71' Group 
N. C. WD.IlAJ. OmrjRtion 

7·8ele NL Pinkish brown clayoy 
5ilt. 2 ·SYR 3/4 

SC Yollowish rod clayoy 
0·5 sand. SYR 5/8 

Yollowish rod ,. 
complotoly woath.rod 

1'5 rhyodacHo with 
8·,·/. SC chlori tic and 

kaolinitic clay 
ban·dI . SYR 4/' 

2 

2·5 

To ac.company Rocord 1972173 

NO.25 
8/7171 Group p.,,,jPtion Moe. sxml:lIll 

4'S elt NL Pi nkis" V" san d y 
silt. 7·5 A 6/2 

Dark red sandy cia,. II·ge/e se 
2·5YR 3/6 

Vollowish rod .7 e/. se co mp .. to)" woathorod 
rttyodac' '. 
SYR 418 

NO.27 
16111171 Group P.,,,jRtion 

M.C. .sr..mUJ 
RocIdish brown clayoy 

ML s.lt. 2·5YR 314 

CL Yollowish rod silty 
clay. SYR 418 

13-"1e eH Yo II owish rod clay. 
SYR 416 

CH Yellowish brown & 
Groy clay. to YR 51' 

Light roddish brown 

se induratod slopowash; 
vory hard. 
SYA 6/3 

se Complet.ly woathorod 
rhyoda,itcr. 

Mlttru 
0 

0'5 

1'5 

2 

2·5 

3 

Motros 
o 

0-5 

, 

2 

2'5 
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8 
APPENDIX 3 

VERTICAL SECTION OF AUGER HOLES 28. 29. 30 AND 31 

Motrol 
a 

,. 5 

2 

2·5 

3 

ML 

CL 

D..tH.!i1tti.M 
Light brownM gro,. 
,andy lilt. 2'SY 612 
Yollowilh rod lilt,. 
cia,.. SYR416 

Mottlod yollowish rod 
CH and gra,. cia,.. 

5YR 418 

SC 

NO'30 

Yollowish rod clayoy 
jnduratod Ilopowalh 
5YR 518 

Matros 
o 1111'171 Group .Qo.W1I1iRD 

M. C. JYJIlUJ 

O'S 

l' 5 

2 

2'5 

3 

3'5 

9,3-1_ 

10'3-/_ 

7'8-1_ 

5·5 Matras ~ 

ML 

SM 

ML 

SC 

CH 

CH 

Pjnkish groy sand y 
Silt. 7·5Yft 612 
Yallowish rod gravally 
silt. 5YR 5/6 
Pinkish groy sandy 
silt. 5YR 7/2 

Yollowish rod clayoy 
induratad slopowash. 
5YR 5/6 

Yallowish brown massivo 
clay with dissaminatad 
carbonato. 10YR 5/8 

Mottlod yollowish rod & 
groy clay. 5YR 4/8 

Light oli vo brown 
massivo clay with 

CH dissominatod carbonato 
& foldspar. 2·SY 5/6 

Light brownish groy 

SC complot~ly woatharod 
rhyodac.rto. 
'OYR 6/2 

To ac.company Racord '972173 

NO.21 
'5111171 6roup nA .. ~.: ... ti"" 

M.t. nmbol~ ............ 
10'5-1_ ML Reddish grey sandy 

silt. 5YR 512 
Yollowish red clayoy 

9'2"_ SC Indurated slopewash. 

10·a-l_ 

11'7-1_ 

7'6-1_ 

NO. 11 

5YR 516 

Mottled 101l0",ish red 
CH & groy clay. 5YR4. 

SC 

SC 

SC 

SC 

SC 

SC 

Yellowish red weakly 
cemonted clayey 
slopewash 5YR 4/8 
Hard indurat.d clayey 
siopowash. 5YR 4/8 

co"'ont~d fllt'ruginous taror. 
As above with silt 
lonses 5YR 4/8 
Light brownish grey hard 
inauratod clayoy 
slopewash. 2·5Y6/2 
Yollowish red competety 
woathorod rhyodaeito. 
(ltands of kaolinitic clay.) 
5YR 5/8 
e~mfntocl forruginous lay~r. 
Light brownish gr~y 
completaly waatharad 
rhyodac.,fQ. 'OYR 6/2 

15111171 Group ~tion 
M.C. .!~ 

7·5 -I_ 

~ 

ML 

CH 

CH 

CH 

CH 

SC 

Palo brown sandy silt. 
10 YR 713 

Mottlod rod, grcry an d 
yatlow clay. forruginous. 
10 YR 5/4 

Light olivo brown 
massiva cia), with 
rod mottlas 2'5 Y 5/4 

Light olivo brown massivo 
cla1 with rod mottlos 
and diss.minatod 
carbonato and calcic 
foldspar. 2·5Y 514 
Olivo clay' & complotol), 
woatherod rhyodaei h. 

.::2·5Y 6/4 

Light brownish gray 
cOl1lplotoJy woatherod 
rhyodoc.; te. 
'a YR 612 

4'9 Matras 

Matros 
a 

0·5 

"5 

2 

2'5 

3 

Motra s 
a 

O· 

'·5 

2 

2'S 

3 
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APPENDIX 3 

VERTICAL SECTION OF AUGER HOLES 32. 33. 34 AND 35 

Motros 
o 

o·s 

Motros 
0 

O'S 

,·s 

2 

2·5 

J 

No.32 
717171 Group Dosc:ription M.c. !Yl!lU! 

NO.34 
15/7111 

to! L ~Io brown sandy 
sIlt. 10YR 113 

Mottlod rod. gray & 
CH yollow hoavy clay. 

10VR 414 

Light olivo brown 
massivet clay with 

eH dissominatod carbonato 
and foldspar. 
2'5Y 5/6 

LiQht brQwnish AtOY · 
SC c6mplotoly woaftJ.rod 

rhYodoc:itf. 
10 YR 6/2 

Group 
M. C. .IY.mJt.2.! DoscrjDtjon 

Pinkish groy concrotionary 
'·O~. GM ironstono gravol. 

' ·SYR 712 

10'1·1. GC 
Palo yollow c:oncrotionary 
ironstono gravo\' 
2 ·SY 714 

01 i vo yctllow masliw 

'9'3·1. CH cIa y wi th dissorni natod 
carbonato & foldspar. 
2'SY 6/6 

15· 8·1. CH 
Pinkish gray c:orn/clotoly 
woathorod rhyo aci to 
& gray hoavy Colay. 5YR 712 

Light yoll owish brown 

,·e·l. SC cornDlotol~ woathorod 
rhyodac I t,_ 
'OYR 6/4 

'.3·1. ~ 
J -' Motros 

No.33 
9/7171 Group D9Ic:ription M.C. ~mR2J 

ML Pinkish groy gravetlly 
silt. ' ·5YR 7/4 

Yetllow concrotionaty 
GC ironstono gravG'1. 

2·5Y711 

CH 

CH 

sc. 

Mottlod retd. grety and 
yetllow fat clay with 
dissominatod Coarbonato 
and foldspars. 
10YR 516 

Palo olivo rnassivo Colay 
with dissominatod 
car bonato & toldspar. 
5Y 6/4 

Light brownish gray 
complot~y woathorod 
rhyodac; tG'. 

10 YR 612 

NO.35 
15/1111 Grv. Q.uulp.!..w! M.C. n I 

ML Pinki sh fay sandy 
slit. '·5 R "2 

20'1 ·1. CH Rod c:lay 2'SYR4/6 

1e' 4 ·1. CH Roddilh yollow sandy 
clay. S YR 618 
Light y.llowish brow., 

13' 2 ·1. SC clayoy c:omplotolv 
woathorod thyodac;to . 

. 10 YR 6/4 

Aoddish yctllow complotoly 
13' 4 ·1. se WQCIthorod thyodacl t~. 

'·5 YR 71 8 

Matros 
o 

o-s 

,·s 

2 

2'5 

Motros 
0 

O'S 

"S 

2 

2'S 

J 

No. 
S9 
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10 
APPENDIX 3 

VERTICAL SECTION OF AUGER HOLES 36 AND 37 

Motros o 

0'5 

,·5 

2 

. NO,3& 
1517/71 Group D . t' 

114, C. »1!lJl.2J !l!..lll!R Ion 
4 .3% ML Pinkish groy sandy silt. 

8,0% GM 

CH 

CH 

7· 5 YR 7/2 
~i gM groy concrotionary 
Ironstono gravol. 10 YR 7/2 

Mottlod rod. groy and 
yollow fat clay with 
dissominatctd carbonato 
and foldspar. 
10 YR 5/& 

Olivo yollow mau;vo 
clay w!th gr!'y mottlos 
and dlssomlnatod 
carbonato & foldspar. 
2'5Y 6/6 
COlllplowly woa thorod 
rhyodac. ita. 

To acc.ompany Roc.ord 1972173 

NO.37 Mat'as 
22/7/71 Group D9Ieri2!i..!w 0 

M.C. .!ylllbol 
7.0e/. Ml Brown sand'f silt, 

2,5 YR S/8 
Yellowish rod induratad 
~Iopowash conta,ining 50e/. 

10·g e/. GC rronstono conerotrons up to O· 

CH 

CH 

SC 

SC 

sr. 

2 CIIII s1i ghtly clayoy. 5 YR 5/8 

Brown clay. 7· 5YR 5/6 
Light brownish grlJY lIIassivo 
clay wittl diualllina tlJd 
carbonat. & 'aldspor. 2'5Y &/2 
Light gray complat,!1 y 
waatharod rhyodocrta . 
2 '5 Y 7/2 

1·5 

Li ght brownish grey. COJl'C)IIJtail 
waalharlJd rhyodac.r'a . 
10YR 6/2 

2·5 

3 

Purplo c;olllpllJtlJly wlJa Ih.r.d 
r hyodoc.. ta. 10 R 413 

5 

5'S 
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11 
APPENDIX 3 

VERTICAL SECTION OF AUGER HOLES 38. 39 AND 40 

Matros 
o 

0 ' 5 

Matros 
o 

0'5 

2 

3 

3' 5 

DgKriDtjon 

NO.40 
1118171 Group 

M.e. symbol 

7'3Motros 

ML 

eL 

eH 

se 

Mot Hod grey and yoll ow 
loan clay. 10YR 611 
Mottlod grey and y.llow 

. clay. 2'5Y 5/4 

Li ght brown cia yoy 
indurated slopewash. 
7·5YR 6/4 

Brown complertaly 
se W(!(l th or ed rhy odac i te. 

7· 5 Y R 5/8 

Purpler complotoly 
SC woathorod rhyodaci to. 

10R 4/3 

To accompany Record 1972/73 

NO.39 
23/7/71 ~Group D,Krjption M.e. ~~ 

Light brown sandy silt. 
8- 0-/_ ML 7.5 YR 614 

17.2-/. CH Mott lerd rod and grery 
clay. 10YR 6/4 

Motros 
o 

0'5 

Drawing No. 
IS5/A16/859 

111 of ,,) 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

APPENDIX 4 

RANGE OF PARTICLE SIZE AND PLASTICITY 

SOIL UNIT 3 

Unified SOil Classification: GM 

Description: Pinkish grey silty concretionary 
ironstone grovel 

PARTICLE SIZE DISTRIBUTION CURVE 

ClAY. ~ SILT !fE SAND + GRAVEL~ 
B.S. SIEVE 200 100 52 2S 14 1 3/16- 318- 314·"," 

100 

/ 10 
\!) / 
~ / I/'l 
I/'l 
-< 60 IL ,/' 
UJ V . \!) 

-< 
~ ... z 40 UJ - REFERENCE u 

II: 
UJ -- Sampler No.1 
IL 

20 

0 
2 4 6 10 20 &0 001 002 0'4 1 2 , , 10 20 40 

PARTICLE 51 ZE - MICRONS I PARTICLE SIZE - MILLIME TRES 

LOCATION OF SAMPLES OTHER PARAMETERS 

Sampll1 No. Loc.ation Somplo No. 
Indcrx I 

1 Augo, holo 34 10 ' 15 - 0'76 m) 
Lowerl Liquid limit 25 

L OWCII Plastic. li mit 16 

Plostic.ity Indl1x 9 

LinoOI Shlinkogcz 5 

AssClSscrd CBR 22 

Tut by D,awn by Plojerc.t Gerologist 
1. K. and L.P. M. E. - P[J~;]~ 

Colc.ulotions by 1~kOd by //1/ /.'5 
To OC.c. oI1l90n y R«c.ord Orowing No. 

r. K. It'. and 1972/7!1 1551 A16/860 110"2) 
.l\,' • 



I 2 
APPE N DIX J. 

I 
RANGE OF PARTICLE SIZE AND PLASTICITY 

I 
I SOIL UNIT 5 

Unified SOil Classification: SM 

I Description: Pinkish grey indurated slopewash 

I 
PARTICLE SIZE DISTRIBUTION CURVES 

CLAY ~ SILT * SAND + GRAVE l ---1 
B.S. SIEVE 100 52 3/16- 318- J/4·1'/a." .. 

200 25 14 7 3 
I 

100 / .< ~ 
:-.:: F--""'" 

/ . ~ 

"'// 10 . . 
\!) .. ' I ~/ 
~ -// VI .,/ VI 
< 60 11. 

~/ REFEREN CE 
w ./} "/ . No. \!) 

' .. / _._.- Sampler 1 
< ---.#.. Sampl~ No. 2 l- .... ...... . 
z 40 w . ~;; ... -- Sampl/l No . 3 
u 

No. II:: -- Sampler 4 w .' Samplll No. S 11. -' -------
20 --- Sampl/l No. 6 

I 
I 
I 
I 

--.-- Sample No - 7 

0 
2 4 6 10 20 60 0-1 0·2 0'4 1 2 4 6 10 20 40 I 

I 
PARTICLE 51 ZE - MICRONS I PARTICLE SIZE - MILLIME TRES 

LOCATION OF SAMPLES OTHER PARAIoIETERS 

Samplo No. Location Somplo No . 
Indol( , 2 3 4 5 6 7 

I 
I - Tut pit 1 {0'46 - O' 16ml . Lo .. qr L'qu i d Lim i t 18 20 Z8 25 20 20 19 
2 T Ii st pit 1 ( 1·07 - 1'37 mJ I 
3 Tcnt pit 2 ( 2 ·13 - 2 ' 44 m) L OWqr Plastic; Limit 14 '4 16 15 13 14 14 

4 Tut pit 2 (1·52 -I·83m) PlostiC: i ty' Indox 4 6 1 12 10 7 6 5 I 
5 Augerr hO'ler 14 (1·83 - 2'76ml 

6 Augerr hola 3 12'21 - ~ · 84ml 
L ,noor Shrinkogcz 2 J 6 5 4 4 3 

7 Aug~r hoI. e I 2·U - 4.28",) AHUsod CBR 23 21 20 20 20 23 25 I 
I 

, 

Tost by Drown by Proj~c:t p"0(J~ tf"'a~~ 1. K. and L. P. IoI . E. 

Calculations by Chockod by To oc:c:ompony R(c:ord Drowing No . 
I. K. fA: and PVi3 1972/73 15S/A16/860 ( 20"21 

I 
I 

-_._- -- -- - - ----- - -- -- - - -
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3 
APPENDIX 4 

RANGE OF PARTICLE SIZE AND PLASTICIT Y 

SOIL UNIT 6 

Unified SOIL CLassification: SC 

Description: Brown clayey indurated slopewash 

PARTICLE SIZE DISTRIBUTION CURVES 

CLAY~ SILT ~ SAND + GRAVEL-4 

B.S. SIEVE 200 100 52 25 14 7 311'" 3/8- 3/4" 1'~" 

100 r ' , " ,-
80 J " 

I!) l,' ~ 
VI /~/J VI ..: 60 IL 

:/ REFERENCE 
w A~ Sample Nol ---I!) 
..: '7 , No2 ----..... --:;:'// z 40 No3 ---- 00-
w ~ u No4 --a: 
w 
IL 

20 

0 
2 4 6 1O 20 60 0-1 0·2 0·4 I 2 4 6 10 20 40 

PARTICLE SIZE - Io4ICRONS I PARTICLE SIZE - 1041 LliME TRES 

LOCATION OF SAMPLES OTHER PARAMETERS 

Samplo No. Location Samplo No. 
Indole 

I 2 3 4 
I Augor holo 16 (2'13- 276m) 

Lowor Liquid Limit 36 36 34 30 
2 Augor holo 28(0·91-1·68m) 

L owor Pla!otic Limit 17 17 17 17 
3 Auger hole 2(0·53-0·99m) 

Augor 
Pla!oticity Indole 19 19 17 13 

4 holo 23(0 ·61- 0 ' 9Im) 

Linoar ShrinkagG II 10 8 6 
.. 

Anonod CBR 1.5 14 16 18 

Tut by Drawn by Proj~ct Goologi!ot 
1. K. and L. P. oso t. 1/ __ ~oJJJ~.L 

Calculation!o by ].CkOd by . To accompany R~cord Drawing No. 
I. K. k. and ?VE \972 J7~ ISSJAI6/&60 Il of121 
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4 

APPENDIX 4 

RANGE OF PARTICLE SIZE AND PLASTICITY 

SOIL UNIT 8 

Unified SOil Classification: SC 

Description: Completely weathered rhyodacite 

PARTICLE SIZE DISTRIBUTION CURVES 

CLAY~ 
.. 

SILT ~ SAND + GRAVEL --4 
B.S. SIEVE ' . 200 100 52 25 14 7 3/1'" 3/;' 3/4" 11~· 

100 /!!' v// 
. "" 

10 It·/ 
: I 

I!) .: 1 z : 1 iii 

) " VI -« 
IL 60 
!AI ,j,' I!) / I « . I REFERENCE ~ / I 
Z 40 !AI VI - Sample Nol u / ./ I 
II: .' " .,... _. Sample No2 
!AI // / 
IL " ......... Sample No3 

20 
/ ' . ... 

---- Sample No4 
,:~.,,, ---

0 
2 4 , 10 20 &0 0-1 0'2 0-4 1 2 4 Ii 10 20 40 
PARTICLE SIZE - MICRONS I PARTICLE SIZE - MILLIME TRES 

! 

LOCATION OF SAMPLES OTHER PARAMETERS 

SampJo No. Location Samplo No . 
Indox 

I 2 13 4 
I Augor holo 2 (3·05 - 7·35 m) 

Lowor Liquid Limit 34 36 33 28 
2 Augor holo 31( 2 ·36 - 491 m) 

LOWef Plastic Limit 17 18 16 18 
3 Auger hole 24(084 - 1·83m) 

Plastieit, Indox 17 18 17 10 
4 Augol holo 16(2·76 - 3· 35m) 

Linoar Shrinkagq 9 10 9 6 

Auonad CBR 22 20 22 ~ 

Tut by Drown by projoctp Gr7~rat1-:T. 1(. on d L. P. osg 

Calculation!> by C]CkOd by To occompany Rocord' Drowi n9 No. 
1. 1( . .j(;. and P\'JJ 1972/73 155/A16/860 (40f 12) 
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5 
APPENDIX 4 

RANGE OF PARTICLE SIZE AND PLASTICITY 

SOIL UNIT 9 

Unified SOil Classification: SC 

Description: Grey clayey sand 

PARTICLE SIZE DISTRIBUTION CURVES 

CLAY~ SILT ~ SAND + GRAVEL ---1 
B.S. SIEVE 200 100 S2 2S 14 7 311'- 31'- 3/4" 1 v,,-

tOO 

,~ 
80 . . 

// \!) 

~ 
1/1 
1/1 « 50 ~ V III 

I 

\!) /' « 
~ z 40 REofERENCE III ~' U ---- Samplo No.' II:: , 
III I 

~ _ . Somplo No. Z 
20 

0 
2 4 , '0 20 &0 0-, 0-2 0-4 , 2 4 I 1O 20 40 

PARTICLE SI ZE - MICRONS I PARTICLE SIZE - MILLIME TRES 

LOCATION OF SAMPLES OTHER PARAMETERS 

Samplo No. Lo,ation Samplo No. 
Indole 1 Z , Augor holo 20 (,·75- 2·06ml 

Lowerr Liquid Limit 46 53 
2 Augor holo ,9 (0'76- "07ml 

L owor plosti, Limit 20 18 

Plasticity IndOle 26 35 

Linoar ShrinkagQ 10 12 

- AuClSsod CB.R 14 12 

-

Tut by Drawn by Projo,t p7):;!;JJ 
J.I<. and L.P. M.E. 

Calculations by 7CkOd by To accom~any R«,ord Drawing No . 
1. K. ... 'k and PlJB 1972/73 IS5/A16/860 (Sof121 
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6 
APPENDIX 4 

RANGE OF PARTICLE SIZE AND PLASTICITY 

SOIL UNIT 10 

Unified SOIL CLassification: SC 

Description: Red cLayey sand 

PARTICLE SIZE DIS TRI BUTION CURVE 

CLAY~ SILT ~ SAND + GRAVEL~ 

8.S.SIEVE 200 100 52 25 14 7 3/1(' 3/8" 3/( 1~' 
IOu Ii 
.0 

\:) ! ~ 
III 
III « 50 IL 

/V 1&1 
\:) 
« 
~ z 40 1&1 /' u REFERENCE 
II: 
1&1 - Sampler No.' 
IL 

20 

0 
2 4 6 10 20 &0 0-1 0-2 0-4 I . 2 ,. , 10 20 40 

PARTICLE SIZE - MICRONS I PARTICLE SIZE - MILLIME TRES 

LOCATION OF SAMPLES OTHER PARAMETERS 

Samplo No. Location Samplo No. 
Indox 1 , Augor 11010 26 10·23- 0·91 m) 

Lowor Liquid Limit 29 

Lowor Plastic Limit 16 

Plasticity Indox 13 

Linoar Shrinkagct 6 

Assusod CBR 19 

Tut by Drawn by Projoct Goologist 
J. K. and L.P. M.E. )/ ~1r..-L.tJro ti.. 

Calculations by Chockod by 
p//} 

To aCCollll'any Rocord Drawing No. 
1. K. fir: and '972/7iJ ISS/A16/860 160f12) 
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7 
APPENDIX L 

RANGE OF PARTICLE SIZE AND PLAS T IC IT Y 

SOIL UNIT l' 
Unified SOIL CLassification: SC 

Description: R~d friable sandy clay 

PARTICLE SIZE DIS TRI BUTION CURVE 

CLAyJ SILT ~ SAND + GRAVEL~ 
8.S.SIEVE 200 100 52 25 14 1 3116'318" 3/4·"~· 

100 V 
80 I 

C) j ~ 
VI 
VI 
c( 

50 IL 

/ 1.11 
C) 
c( ... /' z 40 1.11 

. .,/' u REFEREN CE a:: 
1.11 -- Somplo No.1 IL 

20 

0 
2 4 6 10 20 &0 0-1 0-2 0-4 , 2 4 , 10 20 40 

PARTICLE SIZE:" MICRONS I PARTICLE SIZE- MiLLIME TRES 

LOCATION OF SAMPLES OTHER PARAMETERS 

Somplo No. Lo,otion Somplo No. 
Indox 1 , Augor hoio 25 (0'38- 0'91ml 

Lowor Liquid Limit 44 

L owor plosti, Limit 19 

Plostj,ity, Indox 25 

Linoor Shrinkogcl 11 

Asussod CBR 15 

Tut by Drown by Proj~d G~O)~ J.lv 
'1. K. and L.P. M.E. jJ. (;c. ~ . 

Col,ulotions by 
CYJid by Pl/8 

To a"ompany Rt,ord Drawing No. 
I. K. • ,and 1972/7~ ISS 1 A' 61 860 17 of 121 
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8 
. APPENDIX 4 

RANGE OF PARTICLE SIZE AND PLASTICITY 

SOIL UNIT 12 

Unified SOIL CLassification: SC 

Description: Red he~JVy sandy cl ay 
, 

.. 

PARTICLE SIZE DISTRIBUTION CURVE 

CLAY ~ SILT f SAND + GRAVEL~ 

8.5. SIEVE 200 100 S2 25 14 7 3/1'" 3/8' 3/4·1 1~· 

100 /' 
10 / 

C) ) z 
Vi 
." 

'" '0 IL , 
UI / . C) 

'" . ~ 

z 40 UI u REFERENCE a:: . 
UI Sample No I - . IL 

20 

0 
2 4 , 10 20 &0 0-1 0·2 0·4 1 2 4 , 10 20 40 

J 

I 
, 

PARTICLE SI ZE - MICRONS PARTICLE SIZE - MILLIME TRES 

. . 

LOCATION OF SAMPLES OTHER PARAMETERS 

Samplo No. Location . Samplo No . 
Indo" I 

Test Pit 4(0 ·46-0 76m) 
Lowe" Liquid Limit 54 

Lowor Plastic Limit 20 

Plasticity Indo" 34 

Linoar Shrinkagll 12 

Assossod CBR 10 

Tut by Drawn by Proj~ct Go~logi5t 

J. K. and L.P. aSQ . p !/~IJ,'b~ 
Calculations by Chockod by To accomJlony R~cord Drawing No. 

I. K. f./C. and PV8 1972/73 I55/A16/860 180fI2) 
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APPEN 01 X 4 

RANGE OF PARTICLE SIZE AND PLASTICITY 

SOIL UNIT 13 

Unified SOIL CLassification: C L 

Description: Red to mottled red and ye llow 
silty and lean cloys 

PARTICLE SIZE DISTRIBUTION ·CURVES 

CLAY~ SILT ------4~IE--- SAN 0 + GRAVE L --4 
B.S. SIEVE 200 100 52 25 14 1 311,"3/8" 3/4"",,° 

100 

10 
C) 

~ 
VI 
VI « 60 0.. 

UJ 
~ REFERENCE 

C) 
« ------ SamplQ> No. , 
~ 

Z 40 UJ 
~-~t----'-t---+---t----+----t -,- Samplv No.2 

U ...... .-. Samplel No· 3 
II:: 
UJ 
0.. 

_. - -'- Sample, No.4 

20 

PARTICLE SIZE - MICRONS .. I PARTICLE SIZE- MILLIME TRES 

LOCATION 

SomplQ No_ 

I Augor 

2 Augvr 

3 Augor 

4 Augor 

Tut by 
J. K. and L. P. 

Calculations by 
I. K. 

OF SAMPLES 

Location 

holo \9 (0:30 - 0·46",1 

holv 16 ( O· 30 - 0·99 m 1 

h o/v 2 10·,5 - 0·S3ml 

holo 17 10'69 - I ·07ml 

Drawn by 
M. E . 

C4:.v kvd by I' · L ~ . .f( . and I, ,_/ 

OTHER PARAMETERS 

Samplo No . 
Indu i 2 3 4 

Lowvr liquid limit 39 42 41 47 

L OWel; Plastic Limit II, II, II, IS 

Plasticity Indox 25 28 27 32 

Linoar ShrinkagG II 12 \\ 13 

Asstlss«l CSR 8 10 10 7 

To acco.mpan y R~cord I Drawing No . 
1972/7!ISS/A16/860 190f12) 
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10 

APPENDIX 4 

RANGE OF PARTICLt SIZE AND PLASTICITY 

<!) 

~ 
Vl 
Vl 
<t" 
0.. 

LLI 
<!) 
<t" ... 
z 
LLI 
U 
III:: 
LLI 
0.. 

Samplo No. 

1 

2 

3 

4 

5 

Tost by 

SOIL UNIT 14 

Unified SOIL Classification: CH 

Description: Mottled grey and yellow red 
clay of high pLasticity 

PARTICLE SIZE DISTRIBUTION CURVES 

CLAY~ SILT ----~' ~*~--SAND + G RA VEl ------1 
B.S. SIEVE 

tOO " 

80 

&0 

40 

20 

200 100 52 25 14 ., 3/"" 31S" 3/'; ,'At 

REFERENCE 
-_._- - Sampla No.1 
'- "-- Sample No.2 
--... .;;.. Sampla No.3 
---Sample No.4 
.......... Sample No: 5 

o~~ __ ~~ __ ~~~~~~~, ~~~ __ ~~ __ ~~~~ __ ,~ 
2 4 6 10 20 60 0'1 0'2 0'4 1 2 4 6 10 20 40 

PARTICLE 51 ZE - MICRONS I PAR TIC L E Slie~ MILLIMETRES 

LOCATION OF SAMPLES OTHER PARAMETERS 

Location 
Indox 

Samplo 
" ' 2 1 3 4 

Augoi holo 20 (0' 1'S ~ 0.46inl 
Lowllr Liquid Limil 71 55 62 59 

Augor holo 17 ( 0:38- 0·61 ml -- - .-- -
Lowor Plastic Limit 25 18 23 21 

AUglUholo 28 (0·46.0·91ml 

hoio 
Pla!>tic. i ty Indoic 46 J7 39 38 Augor 13 (0 '84 - 1·07ml 

Augor holo 18 ( 0 ·46 0'76",1 
Linoai Shrinkagcz. 17 14 14 13 - ,~, 

Assossod CBR 5 6 6 7 
, , 

No. 
5 

60 
.- ---I--
22 

._f--

38 

14 

6 

] , K. and L. P. 
Drown by 

M. E. 

Calculations by 
! . K. 

Clioc kod by .) 

i}( ' !,;. I . ,) 
. , and I -' i.J 

To accompany Record I 
1972/73 

, , 

Drawing No. 
.iS5/A16/86C (100t12) 
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11 

APPENDIX 4 

RANGE OF PARTICLE SIZE AND PLASTICITY 

<!) 
z 
v; 
If) 
<C 
Cl. 

w 
CI 
<C ... z 
w 
u 
II: 
W 
Cl. 

Somplo No. 

I 

2 

3 

4 

5 

6 

Tost by 

SOIL UNIT 15 

Unified SOIL Classification : CH 

Description : Mottled red; grey and yellow 
heavy cLay 

PARTICLE SIZE DIS TRI BUlION CURVES 

CLAY ~ SILT ----~*~· --~SAND +. GRAVEL ~ 

100 

10 

GO 

40 

20 

B.S. SIEVE 

REFERENCE 
- ------ Somplcz No. I 
- ' - Sompla No. 2 

~--+_-'---+_-+-~+_----.:-I_-......;..o.j - - Sample: No. 3 
_ ._ ._ SomplQ No. 4 
........ " SomplQ No . S 
_ .. _ Sampler No 6 

OL-~~~~ __ ~ __ ~--~~~~~---U--~~~~~--~ 
2 4 6 10 20 60 0'1 0·2 0'4 I 2 4 6 10 20 40 

PARTICLE SIZE - MICRONS I PARTICLE SIZE - MILLIME TRES 

SAMPLES 
, :. pARAIo4ETERS LOCATION OF OTHER 

Locotion Samplo No . 
Indox 

1 2 3 4 5 
Augor holo 20 10· 46 - 0 ' 91mi 

: Low~r liquid Limit 73 67 69 6S 69 
Augor holo 36 10'53 - 1·07 m) 

Lowqr Plastic Liinit 26 22 23 22 21 
Augerr haler 32 10·61 .. 1'0} m) 

0'76m) 
Plasticity .Jndox 47 45 . 46 43 48 

Augor halo ,9 10' 46 -

.32 10 ·30 - 0,61 ~) 
linoor St..,inkogcl 18 16 18 1 S 15 

Augor halo .' 

TIlst pi t 6 (0·61 - 0'91 m ) Assossod CBR 1 4 3 4 4 

6 

70 

22 
t---
48 

16 

6 

J . K. ond L. P. 
Drawn by 

M. E . 
Proj~ct 'G,oologis~ , p U~rOI.-,,-

Calculations by 
r. K. 

Chockod by To accompan y Rc:cord 
1972/73 

Drawing No . 
15S/A16/860 1110,,2) 

../ ( ., ;-.. \ ) 
ct. ,,/~ . and I " '-' ~.' " .. ______ ...... ___________ -'-_________ -!l 
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APPENDIX 4 

RANGE OF PART ICLE S!ZE AND PlAST~CITV 

<!) 

~ 
III 
III « 
~ 

w 
<!) 
« .... 
z 
w 
U 
It: 
W 
~ 

PARTICLE 

SOIL UNIT 16 

Unified SOil Classification: CH 

Description : Massive olive fat clay 

SIZE DIS T RIBUTI ON CURVES 

CLAY ~ SILT ---~*~--SAND 'I< GRAVEL-1 

B.S. SIEVE 

100 

80 

GO 

200 100 52 25 14 1 3/16" 3/8" 3/4 ~ 1"1" -.,-I ~~..,..... 
~.:~;:-: .. -

- -~~~ /""" ... ;....-. 
~"- -./'. -- ~. 
~.'. 

REFERENCE 
------ Samplq No. I 

-- Samplq No. 2 
40 ~--.+----+--+--+----+---~ . . . ... Samplo No . ) 

20 

__ Samplo No . 4 
_ ._. _ Samplr No. S 

... Somola . ~ 

. 0L--2~~4~6----'~0--2~0--~6~0-0~'~1--0~'2~0~'4--~1U--2~-4~6~'~0~2~0--4~0 

PARTIC LE ~l ZE - MICRONS I PARTICLE SIZE- MILLIMETRES 

LOCATION OF SAMPLES OTHER PARAMETERS 

Sampla No. Lota tion Sornplo No . 

1 h~t pit ) (O ' 91~1 ' 22m) 

2 Augar 

J Augor 

t, Augar 

5 Augar 

I) Augor 

TIIst by 
J. K. and L . P. 

hola \3 I 0·2) ~ 0·84 m ) 

ho lel 21 ( O· 69 - O' 99 m ) 

holD 

holo 

holo 

22 10·61 -1 '52 m) 

) 2 11 ' 07 ~ ,·98m) 

1711 ·07 - 2 ·29m) 

Drown by 
M. E. 

Indax , 2 J (, 5 

LOWIU Liquid Limit 81 17 75 73 94 
-- --

L OWelr Plo!>t;t Limit 24 24 2S 23 29 

Pla!>ticity Indax 63 '53 50 50 55 

Linaar Shri nkogq 18 t7 15 18 19 

AssClssod CBR 2 ) J ) 2 

GClologist .J 

6 

78 

'14 

54 

--
, 8 

J 

.r i UJ·J,(·,·I 
--------------.~ 

Calculations by 
r . K. 

To attompany R<zcord 
1972/73 

Drawing No. 
1 55 1 A I I) 1 B 60 112 0 I 12) 

C;;oc kod by : ' I . . > 

d·~./( and " oj , ) 

~~--------------~--~~~-------==-~--~----~--------------~-=----~.~=---.--~ 
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1000 '1 APPENDIX 5 

10 It' '''Z 
CB R. Summarr Unsoakad I 1 -;. I \Extrapolatad Unsoaked Soaked 

ea'icod I 
0·2 penotrations 

saoo Compact ive aftor t 56,250 56,250 
'I 

~ 
(ft.lb./c u. ft.) 

I Dry Density before soaking 12S 125 
0 

I ( Ib.lc u. ft) 

Ii I I T "" Corracted Moisture Content before O·t ponotrotion! 9 9 

, LNtII oj I I 
soaking (%) 

I T T Moisture Content after N.A. 10 

- I I I I soaking (ey.) 
ell Sw.1I (% of initial height) ~ I I N.A. 0·1 
c I , 
:J 
0 I I ,I CBR at o·tOO" penetration(%) 140 a. " 173 - I ' I 3000 c I I 0 I I CBR at 0·200" penetration(%) - c I 

144 155 
ell 
0.. I I I 
C I I 0 c I I 
~ I , I I 02000 
0 , I 'I I ..J ~ Compaction Summary 

I I I 

I I I T T 
Maximum Dry Density 

" 
I I 126 

I I I , ( lb. leu. ft. ) 
tOOO I 

I , T 
Opt. Moisture I , 

I I Content 8 
I I I I (°1. ) 

II 
I I I 
I I I 

>rr~cte~ I '-~ zeros 
0 

0 0'1 0'2 O·~ 0·4 
Penetration ( Inches' 

0'5 

CALIFORNIA BEARIN~, B~Ilg COMMONWEALTH. OF AUSTRALIA 

BUREAU OF MINERAL RESOURCE~ 

PROJECT 
\ TUGGERANONG FRE EWAV STAGE U t40 " 
~~ 
'''0 CAllFCRNIA BEARING RATIO ,"t.,: 

.,; , AND MODIFIED COM~CTION u. ,'G. 
:j ~ 

130 .. RESULTS u " 
~ 

,~ ,"",. 
Locati'on ..J 

./"" -....... ," Soil Unit 

I'<~.-
5 Test Pit 1 

c ~ ........ ( O· 46 - 0·76 m I 
,/ ~ 

>- i5j. Description - \ ' 

'Ii . "- Pinkish induroted 120 grey Ilopowash 
C 

, 
~ '"ted b, Calculations by 
>- 1. K. and lP. II(. .... 
C Drawn II, lfheCked by p: / B 

MoE. .k and " 
110 15 a s 10 SuperYising (0. eo I 0 gist 

Moisture Content in IY. of Dry Weight "-

MODIFIED ~MPA~IIQH To caccompany Record Drawing No. 
1112173 155/A 16/8611101\0 I 

- '-
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'~O~--~--,ftl~~-~~--~--~ 

II 
t)U~~OClkqd[\ 

III 
"C 
C 
:::J 
o 
0. 

. I' Extrol!lolQtod 
0·2 . ptlnqtrat~ 

II 
5000 I--~So~a~k,q~d/l-b-h-t-_+-_-+ __ -I II 

II 

~ I I 

II 
II 

~~ 
Carrqc tod 
O· I pqncrtrat jon~ I II 

~ 3000 ...... ---f.I:..;.I--+rl-l
l--+--+----1 

~ II II 
'Q. 1 

g 1 :; ;1; 
~ 2000 I----+I#-LII~ '--If-'---+-----If----4 

.3 (fl::~ 
J 'I I 
I> II II 

1000 ~+#---+:--t--H_I+-1---.1f----+----I I I 1 

II 
,I 

I' j , 
I I 

pi I I II 
o ~~~ I corri~~od zro~ 

o 0'1 0·2 O'~ 0'4 
Penetration (Inches! 

0·5 

CALIFORNIA BEARING RAllO 

2 
1 APPEN DIX 5 

C 8 R. Summary 

Unsaaked Soaked 

Compactive effort 56,250 56,250 
(ft.lb./cu.fU 

Dry Density before soaking 126 127 
(I b./ c u. ft) 

Moisture Content before 8 8 
soaking (%) 

Moisture Content after N.". 10 
spaking (%) 

Swelt (% of initial height) N. A. 0'1 

CBR at 0·100" penetration(%) 128 122 

CBR at 0·200" penetration(%) 150 144 

Compaction Summery 

Maximum Dry Density 126 
( Ib.lcu.ft.) 

Opt. Moisture Content 8 
( Yo ) 

COMM ONWEAL TH OF AUSTRALIA 

au REAU OF MINERAL RESOURCE~ 

PROJECT 

140 ..... ---r'--_-,""""--~--r_-... 
\ 

TUGGERANONG' FREEWAY STAGE D 

'\oV. 
~ ~~ u.. \:,0,. 
:::::i 130 I---__+_--'--~__+_--h.~ --+----1 o / 
.~ 

...J 

c 

>-
l-e 

100 0 5 10 IS 
Moisture Content in % of Dry Weight 

,MODifiED COMPACTION 

CALIFORNIA BEARING RAllO 
AND MODIFIED COM~CTI ON 
RESULTS 
Soil Unit Location 

Tut Pit 1 
(1'07- "37m) 
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APPENDIX 6 

CHANGE OF INDEX PROPERTIES AFTER COMPACTION 
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APPENDIX 6 

CHANGE OF INDEX PROPERTIES AFTER 
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APPENDIX 6 

CHANGE OF INDEX PROPERTIES AFTER COMPACTION 

SOIL UNIT 5 

Descripflon Pinkish grey indurated slopewash 

Locati on Test pi1 2 (2'13 - 2·4Lm) 
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APPENDIX 6 

CHANGE OF INDEX PROPERTIES AFTER COMPACTION 

SOIL UNIT B Sub-unit BA 

Oescripti on PurpLe compLeteLy weathered rhyodacite 

Locati on Combined sampLes from auger hoLe 14 
( 4·57 - 6·40 m) & au g e rho L e 16 (2, 76 - 3·35 m ) 
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APPENDJX 6 

OF INDEX PROPERTIES AFTER COMPACTION 

SOIL UNIT B Sub- unit B 8 

Description Yellowish red completely 

Locat'lon Test pit 4 (1·22-1·52m) 
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APPENDIX 6 

CHANGE OF INDEX PROPERTIES AFTER COMPACTION 

SOIL UNIT 8 Sub-unit 8 

Descripti on Greenish yellow completely weathered 
rhyod acit e 

Location Test pit 4 (2,29 - 2·59m) 
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APPENDIX 6 

CHANGE OF INDEX PROPERTIES AFTER COMPACTION 

SOIL UNIT 10 
Description Red clayey sand, 
Locoti on Test pit 5 (0·46 -0· 76m). 
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9 
APPENDIX 6 

CHANGE OF INDEX PROPERTIES AFTER COMPACTION 

SOIL UNIT II 
Description Red friable sandy clay 
Locati on Combined sample from several probes 

around auger hole 25 (O·38-0·9Im). 
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APPENDIX 6 

CHANGE OF INDEX PROPERTIES AFTER COMPACTION 
SOIL UNIT 12 

Description Red heavy sandy clay 

L oc at i on Test pi t 4 ( o· 46 - 0 . 7 6 m) 
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AFP~NDIX 7 

TECIDrICAL NOTES 

(a) Assessment of the California Bearing Ratio (CBR) 

Assessed soil CBR values are used in the A.C.T. to calculate gravel 
pavement thickness. Values can be calculated from plasticity, particle size, 
and linear shrinkage parameters; three different equations (1, 2, 3 below) all 
derived empirically from experimental CBR results, can be used (NCDC & CRBV). 

Values calculated for fine-grained plastic soils approximate to true 
values but for coarser soils there can be large discrepancies. Equation 1 (see 
below) gives erronously high results for coarse-grained plastic Goil so for these 
Equations 2 and 3 were averaged. For all other soils the average value obtained 
from the three equations was taken as the assessedCBR. 

CBR = 4.5 + (20.0.01bd - a(0.2 + 0.005c) i 
18 

• • • • • • • • • • (1) 

where a = that portion of the percentage smaller than 75 microns 
(passing No. 200 sieve) which is greater than 35 but does 
not exceed 75 expressed as a positive whole number from 1 
to 40. 

Equation 2: 

b = that portion of the percentage smaller than 75 microns 
(passing No. 200 sieve) which is greater than 15 and does 
not exceed 55 expressed as a positive whole number from 1 
to 40. 

c = that portion of the numerical lower liquid limit greater 
than 40 and not exceeding 60 expressed as a whole number 
from 1 to 20. 

d = that portion of the numerical plasticity index greater than 
10 and not exceeding 30 expressed as a whole number from 1 
to 20. 

CBR = 10x 

where x = (1.668 - 0.00506a + 0.00186b - 0.0168c - 0.00385bc) 
and a = percentage <420 microns 

b = percentage < 75 microns 
c = Linear shrinkage expressed as a percentage. 

Equation 3: 

CBR = 1ri' 2 
where y = (1.886 - 0.0143d - 0.0045a + 0.0051S(1QQ£)- 0.0000456(~) a a 

- 0.00372) 
and a, b, arid c have values as used in Formula 2. 

d = plasticity index 
e = percentage smaller than 2.40 mm 
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(b) Ideal Grading Limits 

Ideal grading limits in Appendix 6 are drawn through points derived 
from the Talbot Equation, i.e. 

where 

d)X p = 100(D' 

p = percentage, by weight, smaller than any particle 
size d 

d = particle size 
D = maximum particle size 
x = an exponent 

The exponent x is a function of the particle shape and its lower 
and upper limits are usually taken as 0.25 and 0.40 respectively. 

If a particular soils' particle size distribution curve is within 
its grading limi tSt as determined by the maxiIIlWll particle sizei then it will 
compact very close to the maximum compaction possible depending on how close the 
value of x for that soil lies to the value 0.33. 
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IlliFc.:ID.:NCBS 

CltBV t 19b9 - 'l'he design of flexible pavements. Country Roads Board of 
Viotoria. Tech. Bull. 26. 

NCDC - Recommended procedure for the design of flexible pavements in the A.C.T. 
National Capital Development Commission. Contract specifications. 

SPANGLER, n.G., 1960 - So11 1'ngineering. 2nd 8di tion. Scranton Penn., 
International Textbook Co. 
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A HORIZON: 

BASE LEVEL: 

B HORIZON: 

GROUNDSURFACE: 

K CYCLE: 

LANDSURFACE: 

PEDIMENT: 

PEDIFLAIN: 

PEDOLOGICAL: 

PHASE: 

PODZOLIC: 

PRAIRIE SOIL: 

RED EARTH: 

SCARP: 

APPENDIX 8 

GLOSSARY OF SELECTED GEOMORPHOLOGICAL TERMS 

Zone of eluviation. The uppermost zone in the 
soil profile from which soluble salts and 
colloids have been leached and in which organic 
matter has accumulated. 

The theoretical lower limit to which erosion 
can proceed. 

Illuvial horizon. Lower soil zone enriched by 
deposition or precipitation of material from 
the overlying A horizon. 

The materials, soils and surfaces relating to 
one K cycle. 

The interval of time covering the formation, by 
erosion and/or deposition, of a new groundsurface. 

Erosion surface representing a ground level in 
a landscape. 

Gently inclined planate erosion surfaces carved 
in rock and/or soil, generally veneered with 
fluvial and colluvial deposits and occurring 
between mountain fronts and valley basins. 

A plain, widely extending, usually alluvia ted , 
formed where pediments coalesce (the peneplain of 
the arid cycle). 

The scientific description of 80ils. 

Period of time. 

A soil which has a strong differentiated profile 
with contrasting A and B horizonsJ light grey-
brown sandy silt changes abruptly to red-brown, 
yellow-brown, or mottled fine sandy clay to 
heavy clay. 

Uniform soil with weak profile differentiation, 
strong biological root influence throughout. 

Soil that shows gradual vertical differentiation 
from greyish brown sandy silt to reddish brown 
fine sandy clay or light clay. 

A steep slope which is the active zone of 
erosion along the margin of a landsurface. 



SOIL PROFILE: 

TABLELAND: 

TRUNCATE: 

\ 

-2-

A vertical section through a soil showing the 
various layers. 

A flat or undulating elevated area. 

To cut the top from. 
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