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I. INTRODUCTION AND ACKNOWLEDGMEllfl'S. 

For many years, various schemes have been proposed to 

develop Bluff Harbour so that the increasing trade of the port could be 

handled efficiently. By 1950, the existing berthage at the Main and 

F'erry Wharves had become inadequate to deal with the modern ships 

using the port, so, in December of that year, the Bluff Harbour Board 

staff was instructed to proceed with the preliminary investigations of 

a new site for wharves. 

The most practical scheme for the development of the 

port was to construct an island some 124 acres in extent on the sandbank 

between the Main and Ocean Beach Channels of the harbour, as shown on 

Plan 1143 attached hereto. The main reasons for adopting this pro

posal were as follows:-

(a) To avoid rock dredging along the foreshore and in the 

bed of the Ocean Beach Channel, which could not be 

avoided if the present wharf was merely to be ex

tended. 

(b) To avoid interfering with the tidal streams in the 

harbour. 

(c) To allow for almost unlimited expansion. 

With this island scheme in mind, preliminary plans 

of a proposed lay-out were prepared, which included the following:

(a) Coastal Berths, Nos. 1 and 2, each 450 ft. in length, 

to be dredged to a depth of 28 ft. below t.w.o.s.T. (*) 



_-}', 

(b) Overseas Berths, Nos. 3, 4, 5, 6, 7 and 8, each 700 ft. 

in length, and dredged to a depth of 35 ft. below 

t.w.o .. s.T. 

(c) Both road and railway bridges connecting the island to 

the foreshore. 

(d) As these bridges would close the Ocean Beach Channel to 

navigation, it ,vas necessary to make provision for a 

nev; Oyster Wharf and Slipway. It was proposed to 

construct a new oyster berthage on the southern side 

of the island near the eastern end, and to provide a 

new slipway east of the road bridge. 

(* 1. W.O.SoT. represents Low Water Ordinary Spring Tide.) 

As a preliminary to engineering design, The Graham 

Drilling Company was requested to make a detailed examination of the 

site of the proposed scheme by drilling and sampling the bed of the 

harbour. It was proposed to subject the recovered samples to analysis 

by soil mechanics' methods, and to base the design of the wharves on 

the data obtained. 

In preparing this thesis, I would like to take the 

opportunity of acknowledging the generous help and advice of Mr. 

2. 

D. E. s. Mason, his engineers, and the staff of the Southland Geological 

Survey, whose enthusiasm played a large part in making this unusual 

drilling venture a. success. 
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II. SUMMARY OF CONTRACT SPECIFICATIONS. 

(a) ~e~ign Considerations : 

(1) Design of Wharves. The proposed position of the 

wharves is that shown on Plan 1143, and can be seen in relation to 

the town and existing wharf in the photo below • 

The design visualised was a relieving platform type 

retaining wall with a narrow marginal wharf to seaward. The breast

work joining the wharves on the western side of the basins would be 

either a rubble wall or a relieving type of wall. For the wharves it 

was necessary to know what the soil conditions were to at least 60 ft. 

below t.w.o.S.T., as preliminary indications showed that this depth 

3. 



--.,: 

., 

might be required for fixing moments on the piles. The design required 

that the relieving platform-wall would be constructed in the existing 

sandbank, and that the remainder of the fill would be pumped in from 

dredging the basins. The berthage would be dredged out by suction 

dredging after completing the construction of the wall. This meant 

that from below the existing level of the sandbank the soil would be in 

its undisturbed condition. 

Information was required as to these undisturbed conditions, 

and also the nature of the material from the basins, which would later 

be used for reclamation. 

(2) The Basinse To allow free movements of ships during 

both high and low tides, the basins would be dredged to a maximum of 

35 ft. below L.W.o.s.T. 

(3) The Bridgeso To ascertain the depth to and nature of 

the material on which the bridge foundations would rest, test bores were 

to be sunk at about 110 ft. intervals along the centre lines of each 

proposed bridge site. These positions can be seen in Plan A, No.l. 

Although soundings in the centre of the channel and probings at its 

edges indicated a shallow rock bottom with a thin covering of sand, 

more definite information dealing with the type and extent of the rock 

was required for bridge designing, as it might be necessary to construct 

solid piers. This would involve caisson wo:tk, and it would be an ad

vantage to estimate the hardness or drillabili ty of this rock., 

4. 
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(4) Surmnary. 

(. i) 

( ii) 

Boring depths would be as follows:-

Wharves to a depth of 60 ft. below L.w.o.S.T. 

Swinging Basins to a depth of 35 ft. below 

1.w.o.s.T. 

(iii) Bridge foundations to a depth of 30 ft. below 

L.W.o.s.T., or as found desirable. 

(b) Information and Records. 

A record of the depths and variations in the type of 

strata was to be noted daily so that vertical cross-sections of each 

borehole and contours of each strata level could be drawn. Similarly, 

a daily record of the footage drilled, the drilling time, sampling time, 

and standby time claimed, was to be checked by the Board's representative 

and filed for future reference. All the representative material brought 

to the surface was to be marked, packed, an:l. stored for future soil 

mechanics• testing .. 

(c) Scope of Investigation~. 

Test bores were to be sunk along the edges of the 

basins at regular intervals so that cross-sections of these edges could 

be dra.vm. · Al though this method would show limited loca.J. conditions in 

the areas where piles were to be driven, no attempt was to be made to 

cover the whole of the island area 'With a pattern of holes 0 When the 

cost of such a pattern was considered, it was found to be unjustifiably 

expensive compared with edge boring. 

The results of boring operations carried out by G.A.Lee 

in 1913 were supplied, and, as these covered parts of the areas under 

5o 
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consideration, they proved valuable for interpolation when compiling the 

drawings. 

(d) Plant and Staff. 

It was considered to be uneconomic for the contractor 

to supply a punt upon which to mount his machine, so the Board and the 

contractor supplied plant and staff as follows:-

(1) The contractor supplied erect on the punt mentioned 

below a boring rig of modern design which was capable of carrying out 

the proposed investigations. He was also responsible for the maintenance 

of his plant, and supplied two men to operate the rig and one man as his 

repre sen ta ti ve. 

(2) The Board agreed to supply a punt, approximately 

34 ft. x 14 ~. x 4 ft., together with the necessary moorings, crab 

winches, life-saving apparatus, etc., and provided the services of a 

launch and a dinghy when required. Two men accustomed to working afloat 

were employed by the Board to handle the craft, one of 1ivhom was competent 

to advise the contractor's representative on any course of action re

quired to secure the safety of the punt, men, and gear. 

(3) To enable the punt to be positioned correctly over each 

borehole, the Board erected survey marks and accepted the responsibility 

for fixing the position of a bore. 

(4) To determine a system of accurate measurement of footage 

drilled, tide gauges were erected at convenient points, and zero on the 

gauge was accepted as a true indication of 1.w.o.S.T. 
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(e) Prices. 

It was clear that the drilling programme would be of a 

varied nature, and three distinct payment categories were arranged. 

(1) Footage. A price was fixed for each foot, or fraction 

of a foot drilled, for which adequate records of the depth, thickness, 

and type of strata, were recorded. The system of measuring the depth 

of the hole was based on L.W.o.s.T. as datum, and these measurements were 

checked daily by the Board's representative. 

(2) Undisturbed Sampl_:i._!!_g. As the effort required to secure 

undisturbed samples did not bear any real relation to the length of sample 

recovered, it was decided to base the price on the hourly rate of wo:rl{. 

(3) Standby. Because of the difficulty in making allowances 

in the price estimates for unpredictable delays, an hourly ••standby raten 

was agreed upon. This rate was paid for the following contingencies:

( i) Weather. When, in the opinion of the Board's 

representative, the weather or wave motion was too severe to risk 

having men on the punt. 

( ii) Tidal Conditions. During certain periods, at or 

near low water, it would be impossible to move the punt on the sand

bank area, or there might be insufficient water to manoeuvre the 

launch or dinghy, and similarly, tidal conditions combined with wind 

might render it impossible to shi~ from one position to another in 

the channel., 

(iii) Punt Movements. '\Nhen laying or shifting punt 

moorings from one position to another, and/or leaving or returning 

to the -wharf; ·when delays occurred due to failure of the Boardts 
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punt and/or moorings; and when it was impossible to supply the 

services of a launch when required. 

(iv) Shipping Movements. When delays were caused by 

the movement of ships in the swinging basin, or the passage of 

nearby oyster boats or fishing craft. 

(v) For any other cause which, in the opinion of the 

Board's Engineer, was beyond the control of the contractoro 

Further contract price conditions included the payment 

of a lump sum to the contractor, both on erection of the rig on the punt 

and on removal of the plant from Bluff. On all monies due to the con,-. 

tractor 10% was retained by the Board, and this, together with various 

sureties, partly covered the Board if the contractor did not observe the 

agreement conditions. 
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III. DESIGN OF EQUIPlIBNT. 

(a) Drilling Rig • 

In order to comply with the specifications and special 

conditions of the contract, provision had to be made for the variable 

height of the tide and for wave-motion, and, as the only rig available 

at the time was of the rotary type, it was necessary to incorporate 

percussion methods into its design. 

A sub-frame of oregon t~mbers supporting the motive 

power for drilling in the form of a Ford VB engine was mounted on a 

Bedford truck chassis. A shaft carrying a toothed sprocket was rotated 

by this engine through the medium of a clutch and gear-box. A driving 

chain from this toothed sprocket transferred the power to a similar 

toothed sprocket attached to the free-wheeling unit of a dog-toothed 

, clutch situated at the walking beam side of the chassis. A shaft 

through this clutch carried a keyway, so that engagement of the keyed 

half of the clutch ensured rotation of the shaft. 

A Ford flexible coupling transferred the movement of 

this shaft to a crown wheel and pinion, thus relaying rotational movement 

of the driving shaft to movement of a walking beam in a vertical plane 

by means of a pinion crank arm and a rod connecting this to the walking 

beam. Movement of this beam raised or lowered the drilling bit on its 

rope. These details are shown on Plans B.5 and B.6. 

An ingenious device was used for winching both the 

drill rope and the sand-pump line. A truck differential complete with 
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axles, and hubs modified to include winch drums, was mounted towards the 

rear of the frame. The differential unit was operated through a chain 

drive and dog-toothed clutch from the main driving shaft. By the oper-

ation of appropriate brakes, either the sand-pump line could be held 

stationary while the drill-tope was used, or vice versa. A detachable 

worm gear could be clamped to a toothed sprocket fixed to the drill-rope 

winch drum, and, when the brake of this winch drum was released, movements 

of the worm feed delicately raised or lowered the drill bit when in aper-

ation. This design allowed swift and accurate drill feed as compared 

with a friction clutch and brake, which is normally used on percussion 

rigs. 

All the drilling controls were mounted within easy 

reach at the back of the machine, and in an emergency a foot clutch could 

throw out the driving mechanism. The 29 ft. high aluminium alloyed 

tubular derrick was hinged 7 ft. from the bottom so that, when necessary, 

it could be lowered across a frame mounted on the chassis. When in the 

upright drilling position, it was clamped ~o supports by a heavy channel 

iron section. The rig could be converted to the rotary type by molll1ting 

a driving table, a dog-toothed clutch keyed to the main driving shaft, a 

kelly with an attached water swivel, hosing, and jacking down gear mounted 

on it, a ratchet and pawl, and a tension spring. 

The whole truck assembly was mounted on 12 in. x 10 in. 

oregon timbers bolted to the deck of the punt, and the chassis was shored 

up so that the truck springs took none of the shock when drilling. To 

ensure that the r.i.g could not slide off its mounting, heavy chains and 



·, 

_-:,· 

·, 

T 

'~ 

wire ropes were wrapped round the chassis and tightened on to the 

oregon timbers. 

(b) Sampling Gear. 

llo 

The diameter of the driving casing was 4 in., so a 3 ino 

internal diameter sampling tool was made in the Board's Workshop, together 

with some gear for forcing the tool into the groundp It was later found 

more expedient to take samples out of the ground the correct diameter for 

testing purposes, so that finally a 1} in. internal diameter sampling tool 

was adopted. 

Several difficulties were encountered in the early 

stages of undisturbed sampling·which prevented samples being taken. 

When sampling after drilling in the white clay (later described), the 

time which elapsed between taking out the sand pump and putting down the 

sampling tool allowed material in suspension to settle out and form a 

thick gel up to 24 in. deep in the bottom of the hole. With the first 

type of sampler the recovered material was mainly this gel. By adding 

a 5 ft. length of piping the same diameter as the sampling tube, the gel 

passed up through the tool, which then became filled with good sample. 

The sampling tool itself was made from high grade steel 

piping of l! in. internal diameter, and was 15 in. long. The cutting 

edge was tapered at an angle of 6° to the edges of the tool. This tool 

screwed into the 5 ft. length of reservoir piping, and all were kept 

nearly vertical in the casing by a 10 ft. length of 3! in. external 

diameter steam piping to which was attached a string of 2 in. drill rods 

for raising and lowering the tool. A screw feed was fitted to the drill 
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rods and clamped to the casing driving head, and, by revolving a capstan 

head in the appropriate direction, the sampling gear could be jacked up 

or down., By using this method of support and feed, the sampling oper-

ations became independent of wave and tide movements • 

. ( c) Sample Testers. 

Some of the samples first recovered were sent to the 

D.S.I.R. in Wellington and to the Canterbury Engineering College for 

testing, but, as the time taken for results to come to hand was excessive, 

and as the testing technique had been observed, an unconfined compression 

tester, together with a shear box, was made in the Board's Workshop. Both 

these were of normal design, and were used to find the compressive and 

shear stresses at failure of a large number of samples. Representative 

samples were kept until sufficient warranted a visit to the Dunedin City 

Council's Soil Laboratory to check the results of the Board's testers. 

Many tests were run using the Council's triaxial machine, and the re

sults agreed closely with the results of the Board's testero These 

samplers, however, could only be used for homogeneous materials, such as 

clays and bonded silty sands. 

To ascertain the physical properties of the large 

number of sand samples collected, numerous sieve tests were contemplated. 

F:nrther, to find the angle of internal friction, a sand box was constructed 

of wood and glass, and, by the 11 core of loose sandn method, results were 

obtained which agreed closely with results of samples sent to the D.S.I.R. 
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IV. DRILLING AND SAMPLING. 

In all drilling operations the net profit is directly 

proportional to the speed of drilling; or, the greater the hourly 

footage, the greater the hourly profit. With this in mind, and with all 

due respect to the contract standby clause covering weather conditions 

and their effects, there were many weather conditions when the decision 

to convert the rig from a rotary type to a percussion machine was 

thoroughly justified. 

Percussion methods were used for all the holes drilled 

on the proposed island site, and the hourly footages for the penetration 

of soft materials were much greater than those which could have been 

achieved using rotary methods. Where hard substances were to be 

drilled, such as the rock of the bridge site, reversion to a rotary 

set-up ensured not only the greatest hourly footage but also excellent 

samples. These samples could not have been recovered using percussion 

methods, as in this case the drilling bit has a grinding rather than a 
cutting action • 

In both methods 4 in. casing was driven ahead of the 

drilling bit until a cohesive or solid material was reached, at which 

point the drilling bit was allowed to precede the casing shoe. Driving 

the casing ceased when the hole could stand without support. To recover 

all the sand sarrq:>les and the rock chips, a dart valve bailer and a 

suction pump were used respectively, and, for cohesive materials, the 
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sampler previously described furnished satisfactory results.~ Rock was 

core-sampled by rotary methods. 

The general procedure adopted for drilling was to tow 

the punt carrying the rie and ancillary equipment to a buoy -which had been 

placed by sighting off the appropriate angles to permanent positions on 

the shore. Six anchors and steel ropes were taken by launch from the 

four corners and two ends of the punt to good anchorages approximately 

100 yds. distant. A system of hand and steam winches tightening or 

slackening on these ropes finally brought the drilling rig over the 

position of the proposed hole, from whence check bearings were sighted 

to the shore marks. The casing and drive shoe were then hammered 

through the ground, the chopping bit and bailer removing the material, 

a new length of casing screwed on, and the process continued until the 

hole would stand without support. The material recovered by bailer 

was kept in numbered kerosene tins, and, after field identification, 

they were transported to the shore for soil analysis. When cohesive 

materials were encountered, the casing was driven three or four feet into 

them, and undisturbed sampling was adopted .. Chip samples were wi thdraw:n 

from several holes by hammering the casing shoe into rock and using a 

suction pump to clean the hole. 

When all the re quired information had be en gathered 

from a hole, or when it had been drilled and sampled to the required 

depth, the casing was withdrawn by means of a jib and steam winch, and 

the punt was moved to the next nearest marker buoy .. 
I 
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In the bridge-site area, the casing was driven and 

seated in the rock, and rotary core-drilling proceeded until approx

inlately 3 ft. of rock had been cut out with a 2 in. diameter drill-rod 

tipped with barium metal teeth. These rock samples were recorded, 

packed and stored ready for later petrological identification. 

Although provision was made in the contract for the 

taking of undisturbed samples if necessary, it was thought when the 

investigations were instigated that the material of the bank was 

principally sand and that the main objects in drilling the holes were:-

(a) To prove that there was sufficient depth of sand above 

parent rock to allow for the required sheet

pile penetration; and 

(b) To obtain samples of the sand to determine its angle 

of internal friction for preliminary design 

calculations. 

Disturbed samples were considered suitable for this purpose, but they 

are of value only for cohesionless soils, such as sand or gravel, so 

that, when it was discovered that there were likely to be considerable 

areas of cohesive materials, arrangements were made for the taking of 

undisturbed samples,. 

In order that sampling operations should be independ

ent of wave action etc., the jacking of the sampling tool into the 

cohesive material was against the head of the casing, a lead screw 

30 ins. long being used to transmit the load. As the casing was 

seldom driven more than 4 ft. into the cohesive material, the force 
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required to drive the sampling tool was resisted mainly by the friction 

betv-reen the casing and the cohesionless materials. On occasions, the 

material being sampled offered sufficient resistance to the penetration 

of the tool to lift the casing anything up to 3 ins. The casing was 

generally forced back the same amount on extraction of the sampling 

tool. This difficulty was later overcome by driving the casing at 

least 6 ft. into the cohesive material. 

When the sampling tool was withdrawn, the sample in 

it was forced out by means of a screw and clamp mechanism. The sample 

was then identified, carefully wrapped in waterproof fabric, recorded, 

sealed arrl sent to the shore for testing with unconfined compression 

and shear box apparatus. Drilling and sarapling were then resumed 

until all the sample required for tests was recovered. 
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V. SAMPLE TESTING. 

Soil deposits are rarely, if ever, homogeneous, and 

the need for estimating the degree of variation over the site is, today, 

elemen. tary. The laboratory tests which are required to determine the 

quantitative values of the important soil characteristics involve an 

elaborate testing technique which means that, on the grounds of cost, 

such tests must be limited to those samples which represent the most 

frequent and important soil types. The percentage of drilling in 

any class of material ,'las as follows:-

Field Classification. Percentage. 

Sand ••• • •• 65.5 

·ww. te Clay .... • • 0 13.5 

Decomposed Rock ••• 8.5 

Silty Sand •• • ••• 7.2 

Sandy Clay ••• 0 •• 2.5 

Silt .... . .. 1.5 

Other Materials .... lo3 

(a) Sand. 

There appeared to be little change over the site in 

the physical properties of this material. Numerous sieve tests 

carried out on samples from various areas show that it falls into the 

class of fine sand and is composed mainly of quartz, but felspathic 

sands also occur. A typical sample of the sand was sent to the Soil 

Laboratory of the D.S.I.R., and they indicated that the angle of 



" 

·' 

··J 

·' 

"' 

18 .. 

internal friction,¢, was approximately 33°. This coincided with tests 

carried out at Bluff, using a sand box, and, by the "cone of loose sand" 

method, results between 32° and 35° for¢ were obtained. For preliminary 

design purposes a value of ¢ = 33° was adopted for the perfectly dry 

state, and for the saturated state this was reduced to 28°. 

density of this material averaged 100 lbs. per cu. ft. 

(b) Silty Sand. 

The bulk 

Both disturbed and undisturbed samples of this 

material were obtained, and the fact that some undisturbed samples 

were recovered shows that this material has some cohesion. 

reported as follows on samples sent to them for testinga-

11The colouring in the sample is largely organic, 

although the loss on ignition is less than 5%. These 

samples also contain appreciable fine material which 

could contribute a small amount of cohesion, but is 

The D.S .. I .. R. 

essentially a frictional material. The few tests made 

would indicate that ¢, the ang:lli; of internal friction, 

is approximately 31 °. 11 

For preliminary design purposes, the following 

values were adopted for this material:-

¢, dry, = 31° 

¢, saturated, .... 26° 

c. 

w. 

• 4 lb. per sq. in. 

= 110 lb. per cu. ft. 

where c • = cohesion. 
W• = density. 
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(c) White Clay. 

A sample of this material was subjected to an X-ray 

examination and thermal analysis by the D.S.I.R. This action was 

deemed necessary, as the material was thought to be montmorillonite., 

the most dangerous of the clay group from the construction point of 

view.. The examination proved, however, that the material was a good 

sample of kaolinite, low in iron content. A selection of the results 

of tria.xial, unconfined compression and shear box tests on various 

samples, including white clay, is set out in Tables A, B, and c, and 

it was found from these figures that it was impossible to determine 

in the normal manner (Mohrs Circle) the angle of internal friction 

and the apparent cohesion. 

Measurements of the failure plane in samples from 

tria.xial tests indicate that the white clay mat.erial may have a small 

¢, but is essentially a cohesive material. Therefore, for purposes 

of preliminary design, friction has been ignored altogether, and a 

cohesion (c.) of 18 lb. per sq. in. has been adopted. This figure 

was calculated by taking the average deviator stress for all tria.xial 

tests carried out and dividing it by 2. Assuming no friction, the 

figure arrived at gives the apparent average cohesive stress at 

failure. Working on a factor of safety of 1.5, the value of c. a 18 lb. 

per sq. in. resulted. The density was taken as 118 lb. per cu. ft. 

at natural moisture content. (N.M.C.) In some of the early tests 

the specimens of 1.5 ins. diameter were cut out of a 3 in. core, and 
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were not first-class test pieces, which accounts for some of the very 

low results obtained. 

(d) Decomposed Rock. 

Although the nomenclature is broad, it is felt that 

it is the only satisfactory way of describing, from the soil analysis 

point of view, the material concerned. 

its grain-size would be misleading. 

To classify it according to 

The material is derived from the base rocks, and the 

degree of decomposition varies somewhat over the site. It is essen-

tially a cohesive material, and has usually had the field classific-

ation "green clayH or 11mottled clay". Some specimens have a green 

and white mottled appearance, and others contain pieces of the 

original minerals, usually in the form of hornblende crystals. The 

fact that the material does vary in nature makes the determination of 

its apparent cohesion and angle of internal friction impossible by the 

orthodox methods, and, like the white clay, an average of a number of 

the results has been taken. 

For prelirn.tnary design purposes, the same method was 

adopted as fort~ white clay, which resulted in an average apparent 

cohesive stress at failure of 23 lb. per sq. in. The density of 

this class of material is 120 lb. per cu. ft. at N.M .. C .. 
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(e) Sandy Clay, Silt, and Other Material.s • 

Some tests were carried out on these materials, 

but, as their occurrence over the site is negligible and unlikely 

to affect the design to any extent, no detailed records were kept. 

21. 
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I 
Class t Depth Water . 

below 

1 

No. I 1.w.o.s.T.

1 

Content 

59 E3 58 1611 I 32,.0 

60 EJ 59t6tt 32.4 

I 29.8 

I 
143 K2 44,su I 33 .. 7 

31.,5 

32.5 

JJ.8 

I 32 .. 9 

48 K2 491811 I 32.2 

38.0 

57 E4 57 16" 2906 

28.2 
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SOME RESULTS OF TRIA.,"CI.AL SOIL TESTS. ,. 

Diameter of Side Pressure I Deviator . Type of 
Density , Test Sample • Stress 

in inches lbs/sq.in1 Material. 

·-
111 I 1.5 I 25 I 69 Decomposed 

123 1.63 I 20 60 Rock 

121 1.63 I 75 I 96 (Green Clay) 

N.D. 1.5 25 136 

N .. D. 1.5 50 154 Decomposed 

NoD. L,5 75 05 Rock 

N.D. 1 .. 5 75 I 79 (Green Clay) 

N .. D. 1 • .5 

I 
25 

I 
65 

120 1.5 25 
I 80 Decomposed 

I Rock 
117 lo.5 25 56 (Green Clay) 

116 ·I L,5 25 76 White 

N,D,1 ' 

L.5 0 90 Clay. 

-H) ......... ,~ 
I~ 

(I, 

1-3 

~ 
(1) 

:i::. 
111 

I\.) 
I\.) 

• 



~~~~,~-' _,_, --·-----""-"',.;_=.-...:. 1¥ "l''T~~'~' --~-=~ 
'I_ 

---!'?,····~----

Class L' Depth l . Water 
below 

No,, I L.WoO.S.T Content 

54 E6 j 
f 

60 1011 I 30.6 

I 
I 30.8 

I 

I I I 31.2 

I I I 30.9 

I 6o E6 I 66•01, I 33.,2 

,~ I 34.6 

56 E5 I 56•911 I 32.3 

I 29.5 

_J I 30.5 

36 K2 37•8"1 35.8 
38 K2 39'8" 33.8 

-- --
32.,9 

"' .-'(_ .... "'· 

. Diameter of 1· Side 
Density I 'J.'est Sample 

in inches 

f Deviator . Pressure 
I Stress 

118 t 1.5 l. 
I , . 

111 I 1., 
1 

118 

118 

1ii~ 

115 

117 

117 

118 

NoD. 

114 

114 

1.5 

1.5 

L .. 5 

1.5 

-
1 .. 5 

1.51_ 
1.5 

1.5 I 
1.,5 

1.5 I 
I 

lbs/sq.in. 
I -

25 i 54 

50 I 27 
I 

so I 12 

75 58 

25 24 

25 25 

25 18 

25 93 

25 87 

25 61 

25 I 85 

~56 

Note. N.D. means Not Determined. 

I 

I 
I 

I 

I 
I 
I 

<" 

. 
Type of 

Material 

-

White 

Clay. 

White 

Clay. 

White 

Cla;,y 

f-3 
g. 
I-' 
(1) 

~ 

........ 
0 
0 
::s 
t. 
g 
[ 

........ 

'-' 

~ .. 
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SOME RESULTS OF UNCONFINED COMPRESSION TESTS. 

Class f Depth----r- Water • ,. Diameter of . Compressive 
below Density I Test Sample Stress at Failure 

No. I L.w.o.s.T. Content in inches in P6S.I. 

~ 61 Cl l S9 1 811 32 .. 4 1.s 41 

63 Cl I 61•8 11 33.8 116 I loS 41 

65 Cl 631511 27o0 120 1.s 41 

66 Cl I 64 1811 19.l N.D. 1.s 65 

I I 
68 Cl I 66 1811 33.0 116 L,5 46 

~. 54'9" 43 .. 7 117 1 • .5 .28 

57 C2 .55 1911 19o2 127 lo.5 88 

I 64 C2 I 62t9t1 N.D. N.D. 1 • .5 25 

65 02 I 631911 22.6 114 1.5 58 
I 

I JO CJ I 301611 31.0 118 1.5 28 

~ 33 1311 32.9 11.5 1.5 li2 

137 C4 38 1311 I 18 .. 4 128 lo.5 20 

I 43 C4 44 1311 I 50.6 107 1.5 JO 
I 

-' --.~· ,.• 

Type of 

Material 

I 

I 
Well compacted· 

Grey Silts. 

Black Silty Sand. 

·white Clay .. 

Well compacted 
Brown Silt. 

I Well compacted 
Sandy Silt. 

I White Clayo 

I " II 

-
Silty Sando 

Sandy Clayo 

I Black Sandy Silt. 

I Silty Sand. 

I 
I 

l-3 
;u 

~ 
Ci) 

tu 
• 

~ .. 



'1'" j~ \i., 

I 
. Water • I Diruneter 0£ r-::Conrpressive I Class . Depth 

below Density Test Sample, Stress at Failure 
I No. 1.w.o.s.T. Content . in inches i in P .s.r. 
I . I 56 Dl I 54•6" N.D. N.D~ I 165 16 

61 Dl .591611 N.D. 135 I lp5 24 

66 Dl 64 t6tl 30.s 120 I 1.5 I 24 

-f 44 El 42 1611 30.0 N.D. 1.5 37 

23.0 N.D. 1.5 51.i 
I 25.0 N.D. 1!5 40 

46 El h4 1611 N.D .. 123 1.5 30 

N.D. I N.D,. I 1.5 25 

I I 24 .. 2 I N.D .. 1,,5 96 

±5'6" 33.9 N.D. lo5 21 

29 KJ I 32t211 N.D. N.D. 1.5 39 

I 1.,5 I 23 

32 K3 I 35 1 2 11 N.D. I N.D. lo5 22 
I I 

<--~·---'--'··~·~-~--~ 
,, ,:, 

Type of 

Material 

Silty Sand. 

Sandy Silt. 

I Blue Green Clay. 

Sandy Clayb 

II fl 

f1 II 

It II 

11 11 

It II 

White Clay6 

Decomposed Rock. 

ft lt 

fl 11 

I 

1-3 

~ 
~ 
ro 

tJ:l 

a' 
g 
~ s 
CD 
p. ,..._, 

J~ 

"" Vl 
0 
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SOME RESULTS OF SHEAR BOX TESTS. I 
I 
I 

Class l Depth . Water I Density . Diameter of Normal f Shear I. Type of 
below Test Sample I No. I L.W.O.S.T. Content I lb/cu.ft, ±n inches Stress Stress I Material --·----1 61 Cl I 59'8" I 32.1 . 114 I 1.5 I 7.93 I 30082 

32.3 114 l 1.5 I 2.26 24.95 Well compacted ~':I 

I ~ I f-1 

32.2 I 114 lo5 6.22 34.02 Grey Silto (i) 

I I 
10 

0 

31.9 I 114 1.,5 

I 
3.96 I 27.72 

65 Cl I 63 t8tt ! 33.7 I 120 1.5 2o83 I 22.6o I ti fl 

3S.3 I 120 1.5 i 6.22 I 25.62 I fl 11 

I 
44.6 1.5 110 .. 19 I 30.1, 120 I II " 

I I 
68 Cl I 66 1811 35.o 116 1.5 2.26 27.30 I 'White Clay. 

32,5 

I 
116 1!115 5.,09 34.85 I fl fl 

29.7 116 I 1.5 I 7.93 I 25.40 I fl 11 

I I I I I I I\.) 

°' . 
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I Class Depth Water Density Diameter of I· Nonaal Shear I· Type of 
below Test Sample 

I 57 C2 .55 1 9111 24.5 127 1 lo5 t-;,.96 34.85 I 
I 22.8 127 1.5 I 7.93 43.40 I Well c-act.ed Brown 

I 21.1 I 127 

I 22.3 I 127 I 1.5 

1,,5 

I 65 C2 I 63 '9" I 2L,O I 114 1.5 

11.89 

7.93 

3.96 

23.0 114 1.5 7.93 

. 46.68 

I 44.80 
I 

21.22 

25.67 
I I 

Sandy Silt,. 

White Clay. 

II fl 

I
- I 23,-3 114 1.5 110 89 ~6.88 n t1 

--+-- ·--- ----, 
I
I 60 Dl I 58•611 17 .,4 13.5 L,.5 3.,96 19. 70 

I 16.9 135 1.5 7,93 20.6o I Black Silty 

I I 16.5 I 135 1.5 11.89 20.1, -

I I 16.8 I 135 l 1.5 I 11.89 I 20.27 

Sand,. 

-4----------1--------+---------'l---------+-------t------t------·-------------t 

57 El 55,611 34 .. 1 

31+., 7 

N.D. 

N .. D. 

1.,5 

1 • .5 

3o96 

7.93 

27.,80 ! White Clay,. 

40 • .53 ti II 

1i 
I-' 
CD 

0 

,-.._ 
0 

I~ 
I-'• 

Is 
1; 

I\) 
--J • 



Class I Depth f Water 
below 

No. L.WaO.S.T. Content 

52 K2 53 1811 20 .. 03 

16.9 

25.6 

27.6 I 
I 

(1 V 

Density ~ Diameter of r-:: 
Test Sample 

lb/cu.ft. in inches St 

N.D. 1.5 

N.D. 1.5 

N.D. 1.5 

N.D. 

V 

rmal 

ess 

09 

93 

89 

09 ~-I '-

f Shear 
I 

Stress 
I l::r 
I 

22.06 

22.65 

19.24 

Type of 

Material 

Green Clay. 

1-3 
g. 
I-' 
Cl) 

0 

.,-.. 
0 

~ 
I-'• 
g 
8. 
'-' 

,, 

['\) 
co .. 
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VI. GEOLOGICAL Sill!M:ARY. 

(a) Origin of the Land Forms. 

The coastal margin of the Southland Plain is broken 

by a range of hills approximately nine miles long by one mile wide, 

extending along a N.W. - S.E. line from the mouth of the New River 

Estuary to Bluff Hill. This undulating range of hills is connected 

to the mainland by a low-lying gravel plain which lies to the eastward 

side of the range; while the westward side is exposed to the prevailing 

S.W. winds and sea currents of FoveatL'{ Strait. The range consists of 

a mass of igneous rock which was originally a deep~seated intrusion. 

Subsequent denudation acting more readily on the intruded than on the 

intrusive rocks has exposed the intrusive mass as a range of hills 

surrounded by a metamorphic aureole. These resulting ~etamorphic 

rocks outcrop along the foreshore, but the line of contact between 

these metamorphic rocks and the Bluff norite is hidden in most places 

by the raised beach platform which stretches for JOO yards from the 

waterfront to the foot of Bluff Hille 

(b) Origin of the Bluff Harbour. 

Sand, shingle, and other weathered rock materials 

driven by the prevailing cuITent through Foveaux Strait came to rest 

at the lee side of Bluff Hillo Thence, in the nonnal manner, a 

sandbank extended outwards in a direction slightly north of east. 

Eventually it reached the headland of Waipapa which attains a height 

of 800 feet some twenty miles to the east. Thus a considerable area 
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of water was cut off and enclosed by the sandspit. As the sandbank 

received further additions, it increased in height and mass most 

rapidly at its eastward end, where its progress was stopped by the 

already named headland. Finall:>r, at its lowest end, that is, immed-

iately adjacent to Bluff Hill, the waters broke over the barricade 

and restored communication with the ocean. The main channel was 

probably developed from the groove commenced by an ancient outflow of 

New River, and this channel once started was rapidly deepened by the 

swift inrush and outflow of the tide~ Soon this large basin was 

subdivided by lateral sandspits, and WaitahW1a Lagoon was separated 

from Awarua Bay an:l a separate outlet was formed. 

( c) Origin of the Sandbank Area in Awarua Bay. 

As the Maori name 11Awarua1' means in English "the 

junction of two rivers", it seems reasonable to assume that once two 

rivers or tidal channels met in that vicinity. 

It is probable that an ancient course of New River 

took the route through Mokornoko Inlet and emerged a few hundred yards 

to the south of the present Greenhills Railway Station, continuing 

from there across the metamorphic rocks along the eastern side of the 

range of hills to the sea. A channel was similarly formed to the 

north-east of this. After these two river routes were closed, per-

haps by elevation of the land, the tides alone sweeping up and down 

these channels deposited sands and other weathered rock material at 

their jW1ction. This toe of the sandbank gradually extended south-east 

until, at the present time, it is some 100 yards from the west end of 

the existing wharf. 
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(d) TlE~s of Rock preserrt in this Area. 

There are two main divisions of rock in this area, 

namely, the igneous rocks and the metamorphic rocks. The igneous 

rocks can be subdivided into igneous rocks of plutonic origin and 

igneous rocks of hyperbyssal origin. The metamorphic rocks can 

also be subdivided into acid and basic metamorphic rocks. 

The igneous rocks of plutonic origin, which form 

the backbone of Bluff Peninsula, are composed essentially of norite, 

the typical hand specimens showing speckled black and white coarse 

grains. The black grains are pyroxene or hornblende, and the white 

are feldspar$ The typical ro'ck of hyperbyssal origin is porphyry, 

and this is found on Tawaewae Point, where the outcrop extends below 

low water mark, but above that line its ,'lr.i..dth is only 15 or 20 yards. 

Service describes this rock as quartz keratophyre, which is closely 

allied to porphyry. The most abundant mineral is feldspar, which is 

formed in conspicuous phenocrysts. When weathered, the surface of 

these rocks shows a dirty brownish yellow colour. Orthoclase and 

albite make up·'the feldspar. Needles of hornblende, grains of 

magnetite and quartz, and flakes of brown biotite are present. 

The metamorphic rocks are found along the south

eastern shore of the harbour, the main outcrops being at Henderson 

Street and at Green Point. 

The acid variety of metamorphic rock found near 

Henderson Street is predominantly a hornblende schist, whose pheno

crysts of feldspar are more and more broken down the nearer they are 

\ 
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to the plutonic mass, and also the decomposition of the feldspar 

(according to Wild) corresponds with an increase in the a.mount of 

hornblende in the rock. 

32. 

The basic metamorphic rocks in the Henderson Street 

area are classed as amphibolite, and these outcrop parallel with the 

hornblende schists • These amphibolites are coarse-grained black or 

dark green rocks, the weathered surface being rough on account of the 

exposures of large crystals of hornblende. At Green Point several 

types of dolerite, a rock mineralogically similar to but less meta-

morphic than the arnphibolite, are -found striking N~W~-::.-s-:.E--: --- The----- --- ------

interesting point about this strike is that, if continued, it is 

found that they may be expected to appear as outer members of the 

hornblende schist series lower down the harbour, and that 'their line 

passes through the proposed upper harbour scheme. It appears that 

the amphibolite is a continuation of these dykes, but that, being in 

closer proximity to the norite, it has suffered metamorphism to a 

greater degree. 

From the geological evidence supplied by Wild and 

Service, it would appear that the aureole of metamorphic rock in the 

proposed harbour area continues along the S.E. shore at least from 

Green Point to Henderson Street. It would also be reasonable to 

assume that the line of contact between the Bluff norite and the 

metamorphic rock lies somewhere under the raised beach platformo 
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From the rock specimens collected from the drilling 

of the bridge site area, rock slides were made. These slides showed 

that metamorphic rocks ranging from hornfels to hornblende schists 

were present in the area, this bearing out the above hypothesis in 

that area • 



1 
:1 

~ 
i ,, 

' 

j 
,; 
ii ,, 
'! 

34. 

VII. THE SUB-SURFACE STRATA IN THE HARBOUR. 

From the drilling results it has become evident that 

the sub-surface strata can be broadly divided into five main classes, 

viz: Rock, rock decomposed in situ, transported clays, sandstones, 

and recent sandso 

(a) Rock. 

The identified rocks all belong to the bridge site 

area, and all of them prove to be rocks which have undergone various 

grades of metamorphism. 

Slide No. 

B 1. 

B 2. 

BJ. 

Bh 

B 5 

B 6 

B 8 

B 9 

BlO 

Bllb 

Bl2 

Bl5 

Acid granuli te, slightly gneissic,. 

Hornblende schist. 

Hornblende schist. 

Uralitized gabbro, i.e. altered gabbro.) 
) 

Meta-gab bro or meta-nori te,. ) 11Epidiori tes11 
) 

Quartz bearing hornblende gabbro. ) 

Amphib~lite hornfels. 

Quartz porphyry or granophyre, not very altered. 

Very altered basic igneous rock, probably a meta-gabbro,. 

11Epidioriten, very altered uralitized norite .. 

Uralitized meta-gabbro or meta-dolerite. 

.Amphibolite hornfels. 
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3.5. 

All other rodlc ehips encountered in the sandbank area 

appeared to be medium to fine grained black rock, with some white 

crystals showing in the hand specimens. These were not unlike the 

freshly broken hornblende schists of B2 and BJ. 

Contours of the top of this rock have been drawn, 

and can be seen on Plan B.l. Because of the distance between bore-

holes and from their small number, it is obvious that specially 

accurate contours cannot be drawn, but these lines do show the general 

trend of sub-surface rock over this limited area. Also, the inform-

ation gained from Graham Drilling Ltd. boreholes links closely with 
---- -- - ---- --- - -- ----- - - - - - - - - - - - - -- - - - - - -- - -- ------- -

that supplied by G. A. tee, who investigated parts of the area during 

1913. 

(b) Rock decomposed in situ. 

On examination of undisturbed sarnples of decomposed 

rock for its mechanical properties two main types of material could be 

noted,. One, a mottled green white material, consists essentially of 

decomposed crystals of green hornblende and white crystals of decomposed 

feldspar; the other, which is much less predominant, is green in the 

hand specimen, and appears to have a serpentinitic charactera As the 

depth of these materials increases, so does its hardness, this continuing 

until first small particles of broken rock appear and then base rock is 

reached,. In the main, this decomposed rock has a high shearing stress 

value when saturated, but when dry is easily crushed with the fingers 

into individual grains. 

seen on the Plan B, No.2. 

The contours of this class of material can be 
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(c) Transported Clays. 

(i) White Clay. In a number of holes, samples were 

recovered of soft white clay which at first was thought to be formed in 

situ by the further decomposition of the decomposed rock. Closer ex

amination of a number of samples revealed vertical, or nearly vertical 

slivers of carbonaceous material, which indicated that vegetable matter 

had been encased by slowly deposited clay forming minerals. Further, 

samples of this clay studied under a binocular microscope showed the 

presence of very small grains of rounded quartz dispersed amongst white 

and pale yeJlow feldspar. The feldspar appeared to be made up of an 

immense number of tiny individual grains which, when considered with the 

above factors, indicates that the clay minerals could have been deposited 

under still water conditionso 

According to Bateman, in his book 11Economic Mineral 

Depositstt, most clays are non-sedimentary, but marine clays, settling 

from mechanically transported suspensions in quiet water some distance 

off-shore, were widely distributed in Paleozoic and Mesozoic formations. 

Another point for consideration is that, in his paper 

describing norite and contact metamorphism at Bluff, Service suggests 

the date of intrusion of the norite as late Paleozoic. 

It does not seem improbable, therefore, that 

kaolinization of the basic igneous rocks in the Bluff area took place 

after the noritic intrusion, and that the weathered material formed was 

carried away in suspension to be deposited in the quiet water of the 

nearby lagoon, which later became Awarua Bay. 
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A sample of white clay analysed by the Department of 

Scientific and Industrial Research was stated to consist of more than 

70% kaolinite, and that the iron content was low. This particular 

sample must have been e..'Ctracted from near lines E, C, or F, as the white 

clay encountered near lines I and K showed plainly crystals of pyrites 

or marcasi te. At some stage during or after the deposition of the 

kaolinite, folding occurred, as evidence of this can be seen in some 

of the samples,. 

The contours for the white clay are depicted on 

Plan B, No.J. 

(ii) Other Transported Clays. All the other clays 

found in the harbour area originated from the nearby rocks, and were 

transported and deposited according to the conditions prevailing at 

the time. The main criterion used to distinguish them in the hand 

specimen is colour, and this has been broadly associated with texture9 

These transported clays can be divided into four classes: 

1. Black sandy silt with clay characteristics. 

2o Brown clay. 

3. Grey clay plus caxbonaceous material. 

44 Sandy clay. 

The contours of 1 can be seen on Plan B, No.J, and 

the approximate areas in which 2 and 3 are found can be seen on Plan 

B, No.4. Where sandy clay has been recorded, as at hole H.4, sand 

grades into six feet of sandy clay, and is innnediately followed by 



.} 

_; 

.l 

38,. 

the clay-like decomposed rock. As a considerable area of sandstone 

has been located nearby, it is possible that this six feet of material 

has been erroneously named 11 sandy clayn, and should be classed as a 

very soft sandstone. As no undisturbed sample of this material is 

available, the class 11 sandy clay" is only a tentative one. 

1, 2, and 3 are clays which have had their individual 

grains laid dmm at a later stage than the white clay, and local con

ditions prevailing at that time must have controlled their source and 

formation. 

( d) Sandstone. 

In several areas, as shown on Plan B, No.4, sandstone 

has been located. The type encountered in the bridge site area has 

been identified as a friable micaceous sandstone, probably deeply 

weathered. On drilling, this proved to be very hard material, and 

no undisturbed samples could be taken., 

The sandstone found in line H also proved to be very 

hard, and, under the binocular microscope, appeared to consist of very 

fine rounded quartz grains amongst which a few fine green crystals of 

augite were dispersed. 

The remaining areas of sandstone shown on the plan 

and in the cross-sections are also noted as "hard-drillingtt material, 

and would probably contain a large percentage of well-bonded quartz 

grains .. 
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(e) Recent Sands. 

With the exception of parts of the bridge site, 

the whole of the investigated sub-strata is covered with recent sands 

and shells deposited by the inrushing and outflowing tide. A sample 

of these sands taken from hole G.3 showed that clear rounded grains 

of quartz were predominant. The other minerals present were opaque 

crystals of weathered feldspar, flakes of biotite, and rounded grains 

of dark coloured bonded material which, when broken ~P, yielded 

quartz,feldspar, biotite and augite grains. 
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VIII. CONCLUSIONS. 

On reviewing the cross-section and contour plans, 

several factors affecting the suitability of the site for construction 

were brought forward. In Berth 1 the proposed dredged level was 28' 

below L.W.o.s.T., and at the S.E. end of this berth broken rock was 

encountered 40 1 below L.w.o.S.T., whic~ left only 12 1 of sand, clay, 

and broken rock to support the piles. It was therefore recommended 

that the toe o.f this berth should be moved a sufficient distance in a 

westerly direction to allow for a greater penetration of'piles., 

On the centre lines of the bridge sites, where only 

a little sand covers the underlying rock, pile construction would be 

impossible, and caisson support structure with the possibility of 

combining the two bridges to rest on the same supports was put forward 

for consideration., 

It was suggested that, instead of spending some five 

million pounds on an island vharf construction, the present 'Wharf should 

be extended in a north westerly direction to accommodate more ships. 

The fact that rock was proved to exist at a shallow depth in this area 

helped over-rule any more suggestions of this nature. 

The first samples of white clay recovered and tested 

gave a very low shear value, and the behaviour of dried samples of this 

clay placed in sea water caused concern, in that they immediately 

fritted away and swelledo The supposition was that this clay contained 
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the mineral montmorillonite, and, as it was recorded at a depth above 

the proposed dredged level in line H, it ·was feared that the movement 

of $hips r propellers would eventually cause loosening of the piles. 

41 .. 

To verify or contradict the bailer sample records of this area (undis

turbed sampling had not been thought necessar-J in the early stages), 

three check holes were drilled. Undisturbed samples failed to reveal 

the existence of this white clay, but instead proved the presence of 

decomposed rock~ It was then thought that the action of the drill 

pounded up the mottled decomposed rock to such an extent that the 

predominant colour was white or white grey., and with its clay-like 

consistency was erroneously given the field classification of white 

clay. 
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f Hours Hours . Hours Hours Hours Total Hours 

Month I Footage Drilling Sampling standby ~epairs I Overtime - -- --± -+ - --
. 1951 f-;.s. Mins. , Hrs. Mins. I Hrs. llins. Hrs. Mins. I Hrs. Mins.r Hrs. Mins, 

I June I 277 I 86 4.5 --- I 34 JO --- -- 121 15 

Worked 

July 256 I 79 00 ! 5 00 I 65 00 24 00 --- 173 00 
401! 

428:i 

231 

3121 

August 

Sept. 

Oct. 

Nov. 

Deco 

1952 
Jan. 
Feb. 

March 

April 

May 

June 

July 

August 

Sept. 

Totals 

53 

52! 

144 
144 

191-*-. 2 

75 

125} 
302 

60:i 
1 

J056?a 

81 

I 80 

66 

98 

I 56 

I 
41 

100 

48 
I 78 
I 4s 

49 

97 
70 

7 

15 
50 

05 
10 

30 

15 
JO 
30 

45 
I 

35 I 
10 

30 

30 

00 

1090 20 

33 

15 
JO 
20 

30 

45 

45 
10 

45 

2 00 

9 45 
12 15 

16 15 
6 15 

5 20 

26 00 

72 
83 

83 
42 

30 

45 
00 

25 
40 
00 

101 15 

70 15 

121 45 
73 00 

97 40 
122 30 

76 45 
71 00 

26 JO --- 214 00 

19 2s - I 199 oo 
19 JO --- 199 45 

i 45 oo I -- 206 oo 
52 45 I --- I 140 00 

5 
25 

I 

I 10 

I 1 

39 
2 

3 

13 
1 

00 

JO 
00 

00 

30 

00 

15 
30 

00 

2 oo I 
- I 
1 

2 

2 

00 

15 

JO I 

149 
206 

194 
169 

193 
181 

206 

155 
8 

30 

00 

30 

00 

00 

15 
00 

00 

00 

183 45 11145 JO I 287 55 l 7 45 2715 15 

Total Working Days ~= 331. 

~ 
II 

~ 
,...... ltD 
~ ~ 

~ g 
g: 
·~ 
::;;! 
0~ 

* 
0 
0 

~ 
I-' 
(I) 
er 
(I) 

Ip.. 
• 

C/l 
• 

,;._;. 

.i::-
1\) .. 
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(b) Drilling Data of Proposed Berths to accompany Plan Ai Nos. 2 and 3. 

Note.- All measurements are in feet (-) below L.w.o .. s.T. (+) above L.Vv .. o.s .. T. 

I jo_2-al ~ 

I 
-1 Collar 1 Depth r-Tr 

Hole . from . drilled ~Depth ~ 
· No , 

1 

L, W. O • S. T ., below I of bed 
collar 

- I . 

Visual Inspection 
of' Sample 

c .. 1 

C.2 

~8 

I I 28 ... 29! li I Sand and gravel. 

I I 29} - 31} 2 Hard sandstone. 

_ I 31-?a - 37 5} Soft black and white sand. 

+ 1'5" 

+ 1 r31t 

37 - 47 10 Soft white sand. 

47 ~ 56 9 Brown silty sand. 

56 - 66l lOi Well compacted grey clay. 

66-i - 68 

68 - 68:i 

1! jVllhite clay plus 
carbonaceous material. 

..}_ 
4 

O - 29 29 

29 - 34 5 
34 - 39 5 
39 ... 45 6 

45 - 49 4 
49 - si~ I 5 

Soft sand. 

Sand and fine gravel. 

Soft black and white sand. 

Soft white sand. 

Sand and shell. 

Soft brown sand. 

Soil Mechanics 
Definition 

5'6 1-58 1 grey clay plus 
carbonaceous material. 

At 68 1 white clay plus 
carbonaceous material. 

54 - 62 
62 - 65 

8 

3 

Well compacted brown clay. IWell compacted brown clay. 

White clay. White clay plus 
carbonaceous material. 

- --l 

, Positio~ of hole 
from Bluff Hill Trig. 
Nls tw ]E 

1
92501-- I 20711 --

92151- 11846 I --

~ 



Hole 
No., 

I c.3 

I 

c.4 

D.l 

'/ V 

Collar Depth I 1 
. .from • drilled .Depth • 
L.W.O.S.To below of be 

Visual Inspection 
of Sample 

collar 

I O - 251 25 f Grey sand., 

_ . ·, 25 - 27 2 I Sand and coarse gravel. 

i - 5" .. 27 - 32 5 I Silt and sand., 
I 32 ..,. 39 7 White sand. 

I j 39 - 43 4 I Grey clay plus 

- 1t2u 

+ 11611 

0 - 28 

28 ... 32 

32 - 35 
35 - 43 

43 - 65 

O - 29 

29 - 32 

I 28 

I 4 
3 
8 

22 

29 

3 

32 - 43 111 

I 

carbonaceous material. 

Soft sando 

Sand and silto 

I Grey mud. 

I Black silt. 

Loose sand. 

Sand. 

Hard sandstone. 

Sof't sand., 

Silty sand., 

f. 

, I 

Soil Mechanics 
Definition 

Black silty sand. 

Sand. 

Grey sandy material. 

'Black sandy material with 
clay characteristics., 

1 146 1 silty sand. 

_ 43 - 51 I a 
j , ,1 - 62! 11} I Hard black silty sand. I 60 1 Black silty sand,, 

f 
Position of hole 

from Bluff Hi~l Tri~. 
· I I I N 1,S ,.w i,E 

1 
I 

91761 - I 1605, ,..._ 

9150, - 1375, -

I 
19038 - ,2098, --

I 
62} - 64! 2 White clay. ! White clay. 

1
64-! - 66-~ 2 Decomposed rock., 66t Blue clay or decom-

1 , I I I posed rock• I I I If 
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Hole Collar Depth Depth Visual Inspection I Soil Mechanics Position of hole 
No. . from .drilled .of bed of Sample . Definition from Bluff Hill Trig. 

1.w.o.s.T below 
collar N s w E 

I o - 25 25 Sand. 

25 - 43 18 Blue and black sand. 

E.6 - 611 43 - 47 4 Black mud and clay. Black sandy Silt. 8618 - 0761 --
LV - 53 6 f Hard sandstone, 

53 - 6c 13 .53' White clay. 1~hite clay;o 
-

]0987 
I 0 ... 2c 26 Sand. 

I 26 - Jc 10 Brown and grey sand.· 

E.5 - 10 11 36 - 4C 4 Sand and fine gravel. 86.56 -
40 ... .53 13 I Sand, gravel and shell. 

I 53 - 6C 7 White clay. 

I 0 - 2, 22 Soft sand. 

22 - 25 7 Brmm sand. 

E.4 ,.. 611 29 - 3: 4 Sand and pebbles. 18683 - 1295 -
- 4S 

' 
33 16 Hard w'nite sand. 

I 49 - 6] 12 lNhite clay. I 
I 0 - 3~ 35 Soft sand. 

I E.3 + 7n 35 - 41 9 Sand and fine gravel. 8730 -- 1580 --
44 6 ]. 18! Decomposed rock. I Green clay. - 2If I 

~ .. 



Fe I· Collar f Depth 
No. I from drilled I L.w.o.S.T. below 

I collar 

- JS I 0 

I E.2 + l '2 11 135 - 42 

42 - 59! 

0 - 38 
38 - 44! 

44! - 55! 
E.l + 1•511 

sst - sat 

I 58} .... 62 

0 - 29! 

29l - 33 
Fol 0 

33 - 43 

43 - 60 

0 - 42 

42 - 44 
F.,2 - 211 44 - 46 

46 - 57 

57 - 60 

Depth I Visual Inspection 
.of be4. of Sample 

35 Sand. 

7 Brmvn sand and gravel. 

17! Decomposed rocko 

38 Sand. 
61. z Brown clays. 

11! Black silty sands. 

3 White clay. 

3i Decomposed rock. 

29} Sande 

3! Gravelly sand. 

10 Shelly sand. 

17 White clay .. 

42 Sand. 

2 Hard sandstone. 

2 Fine gravela 

11 White clay. 

3 Estuarine mud. 

f 

Soil Mechanics 
Definition 

Green clay. 

46' Black silty sand with 
clay characteristics. 

57' White and green clay 
showing line of demarc-
ation. 

I Green clay. 

-f Position of hole 
from Bluff Hill Trig. 

N • S W • E 

8770 ~ 1716 -
I 

8828 ..... ~ 2134 -
I 

I 
I 

8350 -- 1124 -~ 

8321 -- 0872 -
+="" 
°' • 



;.. 

-
I I . I I I 

L
e ~ Coll. ar . Depth Depth I Visual Inspection I Soil Mechanics Position of hole 

I .from drilled .o.r becl , o.f Sample f Definition .from Bluff Hill Trig, 
L. w.o.s .. T ·1 below I 

I ~ collar I N S W E 
. I 
I O - 25 25 I Sand. I I 

25 - 32 7 I Sand and graveli, I I I 
32 .... 38 6 Hard sand and shell. I 

F .. 3 - 2' 38 44.1~ 6.1. Bl k · 1t d 8290 I - I 0662 --1 .... 2 2 ac si lf san • 

1 
1 ~ • 442 - 52 72 White clay. j 

52 - 58 I 6 Decomposed rock. Green clay. 

O - 24 24 Sand.. I 
24 - 45 21 Brown sand and gravel. 

F.4 - 3 '7" 45 - 52 7 Black silty sand.. 8238 -- 0445 - I 
52 - 55 3 'White clay. 

55 .... 60 I 5 Decomposed rock., Green clay. I 

0 - 37 37 Sand. 

37 ~ JS 1 Pebbles. 

G11l + 5" J8 - 39 1 Sand and silt. 

1 
8121 - 1164 --

39 - 53 I 14 White clay11 

53 ,... 60 7 Decomposed rock,. I 1 

0 - 31 31 Sand and shell. 

G.,2 - l" 31 - 37 6 Sand. 81.211 -- 1164 --
37 - 53 16 White clay. 44 1 White clay. I 53 ~ 6o 7 Decomposed rock, 56'.Mott.led green and I I 

white clay. 
.i::
-.J .. 



;, ~ 
y 

I Hole I· Collar Depth !Depth Visual Inspection Soil Mechanics l Position of hole 
Noe from drilled of bed. of Sample Definition from Bluff Hill Trig. 

1.w.o.s.T .. I ~~i~:r I I ' . N s • W !. E 
- ---- ---- -----i-- ~ 

0 - 37 37 I Sand and shell. • j 
G.311" 37 - 51 14 White clay. • !47' White clay with 81211 -- I 1164, --

I green tinge. 

I .51 - 55 _ 4 Decomposed rock. 55' Green & white cla~. -· 

r= I o - 12 12 I Sand and fine gravel, I , 
12 - 16 4 Sand and shell. I I 

11698 
20 - 23 j 3 !Decomposed rock. 120' Decc,nposed rock, I I 

i-----i---·---i-2-3 - 25 + 2 j Rock. 

0 - 15 j 15 j~and and shell, 

~ ·-- 0172 

I H.6(a - 17r911 15 - 26 I 11 lsand and fine gravelq 
7735 1 -- - 10107 

I 
26 - 30 I 4 

30 - 45 15 
-

0 - 30 30 

30 - 32 2 

Sandy clay. 

Fdstone, 

nd and shell. 

26• Grey clay with 
black material,. 

, ,30 1 Sandy grey material. 
-------1---- I 

!Sand.and fine gravel 0 

32 - 42J 
42! - 48 .St !White clay., 

148 - 6o 12 Sandstone., 

_ 1°* I Sand, I 177621 - 0149 -

49' Sandstone. 

,I:::"" 
en . 



'! l, --

[:

~ Collar I· Depth Depth Visual Inspection Soil Mechanics f Position of hole-

1

! from I drilled of bed. of Sample Definition from Bluff Hill Trig. 
L.w.o.s.T. below I [ I 

I I collar N' 1• S W , E 

H .. 4 I - ion 

I 

Ho9 I + 11 11 

I 
Ho3 ... 2" 

H.,8 + 5" 

I 

I 31! - 36-} 

136! - 42} 

' 0 - 27 

27 - 31!1 

I 42} - 65 

0 - 27 

27 - 32 

32 - 39 
39 - 49 

0 - 30 

30 .... 34 
34 .... 78l 

0 - 19 

19 - 26 

26 - 34 

34 ,.. 50 1· 

27 1· Fine 
4} Brown 

sand. 

sandy clay. 

sand. 'Soft 

Sanely clay. 

Decomposed roe k. 

~nd and shell. 

-5 l~ose sand. 

: l::d and gravel., 

~composed rock, 

1 
~ 

4 
44i-

19 

7 
8 

16 

Loose sands., 

Brown sand and pebbles. 

Decomposed rock. 

Sand and shell. 

Loose sand. 

Fine gravel and sand. 

Decomposed rock. 

77921 ~ 04631 ~ 
I 

78551 -- 10138, --
I 

•• 
1

. I 42i';• Mottled green and 
, white clay. 

I I 

Ir 
1 

1

142 • Green serpentini tic 
decomposed rocko 

78311 -10754:~ 

I I I 
/ 1a1~ - I os57, --

------ -

.i::-
'-0 . 
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I Hole 
. No. 

\- " 

~ Collar . Depth 
1
.Depth 

1
• Visual Inspection : 1'· Soil Mechanics Position of hole 

-, 
I from drilled of bed of Sample Definition from Bluff Hill Trig • 

l L.w.o.s .. T. belmv 1 ~ • I w I I 
collar N t S ·' r E 

I I 
0 - JO! JO! Soft sand. I l 

H.2 pebbles. ' 178781 -- 10992 1 --

JO} - 3~1 1} Hard band of sand with II I 
I j . 

1

. 32 
3 

- 5 ~ 18? Decomposed rock. 
1 

I . 

1-+- 50. _ 512 • Rock. I I 

I + 3" 

i O - 25 25 I Sand and shell, . 

1 

H., 7 I + 1 110" I 25 - 321 7 I Sand and fine gravel. I I 19161 -- I 10781 -
32 - 58 26 Decomposed rock. 137• Green decomposed rock. I I 

H.l + 6tt 

I 
Ix + 6" 

0 - 30 

JO .... JOi 

JOi ... 51 I 
I 

51 - 51!1 

0 - 27 
27 - 28 

28 - 28tl 
At 28! 

JO I Soft sand. 

i Brown pug and pebbles. 

2~ Decomposed rock. 

i Rock. 

27 Sands. 

1 Coarse sand and pebbles. 

! Decomposed rock. 

- Rock. 

421 11 fl ,, ' 

79241 -- 11230. --

78501 -- 11275, --

\.n 
0 
• 



v ·, -(.) \:, 
'<-Ii-

-
Hole • Collar j. Depth j.Depth . 

I 
Visual Inspection . Soil Mechanics . Position of hole 

No. from drilled I of bed of Sample Definition from Bluff Hill Trig. 
L.W.O.S.T. below 

~ r s '~ w E 
collar I 

Sand. 
I I I I _ 1 1 8" 

0 - 39 39 
139' & 60• White clay, !el 39 - 641 25 I White clay. 174401 -- 0106 -

64 .., 6.5 I 1 Decomposed rock. 64' liVhi te & green clay • L 
! I I 0 - 281 28 Sand and shell .. 

I.2 - 1'9" 28 ... 42 14 White clayo 38 1 White clay., 17420 -- I -- 0116 

I 
42 _ 60 I 18 Decomposed rock. 42 ' & 54 ' Green & white I ,. clay. 

-
0 - 21 21 Black sand. 

21 - 34 13 Green clay with quartz., 32' Green material with 
I.3 - 3 1111 

34 - 37 3 Clay and broken rock. gravel. 7386 - -- 0330 

37 - 39i 2t Broken rock. 
-

0 ,_. 14 14 Sand. 
I 

K.,J - 3•2 11 14 - 231 9 Sand and silt& 
17150 

I 0290 
23 - 51 28 Decomposed rock. 24 1 , 45•, 51' Decomposed 

-- I --
51 ... 53 rock. I 

2 Broken rock. 
-

0 .... 19 19 Sand and shell. 

K.,2 - 11811 19 _ 26 7 Silty sand. 7180 0068 -- --

I 
26 - 42 16 White clay. 38 ' White clay. 

I 42 - 61 19 I Decompose?- rocko 43' Green decomposed rock. 
-

~ 
• 



·,_<J' 

Hole Collar . Depth 
No. from drilled 

1.w .. o .. s.T. below 
collar 

0 - 20 

K.l 511 20 - 21 -I 21 - 40 
I 40 .... 51 
I 
I I 0 - 3 0.1 I - 17'P' 

I 
At 3 

0 - 25 
0 .. 2 I + 111 25 - 28 

_J. 28 - 36 

I I I I I 0 ... 25 
I 25 0.3 I + 9" .... 39 

I 

0 

.Depth I· Visual Inspection 
of bed of Sample 

20 Sarrl and shell. 

1 Gravel and silt. 

19 Silt and sand. 

11 Decomposed rock. 

3 Sand and shell. 

- Rock. 

25 Sand- arrl shell. 

3 Sando 

8 · Decomposed rock. 

25 Sand and shell. 

14 I Decomposed rock. 
-I 
I 

: I· Soil Mechanics 
Definition 

: I -y--
I 
: I 
I 

41• & 51' Decomposed rock • 

28 1 & 341 Mottled green 
white decomposed rock. 

! 

I 

28 1 , 31', 32 1 & 35 1Mottled 
green white decomposed 
rock. 

I Position 0£ hole 
from Bluff Hill Trig. I N s w E 

7222 - 0161 ·-
I 

70;61- - 0012 

I 

7185 - 0412 --

-
7198 -- 0801 --

\J1. 
I\) 

• 
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Drilling Data of Holes drilled at the West End of the Existing Wharf. 

No. from drilled De~ of bed 
Visual Insp 

of Sarnpl 
ection 
e 

Position from 
West End of Wnarf 

Position from 
N. Side of Wharf 

Hole f Collar r Depth 

IL.W.O.S.T. below 
I 

1

_ collar I Black sand, I w:-t 14'4" I O 
-

6 6 

I 
I 

6 - 8 2 

w~2 - 24 1 L.11 0 - 4 4 

4 - 5 1 

0 - J 3 
.., ... 1-.I 

Wo3 - 191411 

I Rock. 
-----

Black sand. 

Rock. 

Black sand. 
1 , ,nn...-1-1--t -!r. ~, -·-

14' 

27}' t 
I 

35' 

18.l.r 2 

9}• 
I . 

I 

I ~ = '"I 2 I"~-~-· -~~. ! 32' 

·---.------ -+ I . ---t- -----· 
. O - 6 6 Black silty sand. J_ I 

6 -. 7 1 ,

1 

Whitish clay and rock. : 1 32' 

7 ,.., 7f } Rock• ! 

- 211411 w.4 8t 

w.5 .... 22 1 1 ' I I 10 - 114 14 Rock. -,-,-

~ i o - 7 --7- Sand and shell. ' ,------------·1 
l I 7 - 11

1
1 4 Sand, shell & gravel. I 1., 

11 _ 16 5 Whitish clay. 138' L 352 I 16 - 23 
1 

\ Grey clay & stone fragments. 

123 _- 252 22 Rock. -----~--- ------
1 -----------

w.6 - 121411 

~ 
" 



Hole j. Collar ,. Depth 
No. I from below 

L.W.O.S.T. collar 
I 

i 
~-13 I 

B.l + 5 3 ... _23 
23 .... .51 

51 - 60 

0 - 4 

B.2 - 171an 4- 7 

7 - 14 

14 - 17 

I B .. 3 - 1618n O - 1 1811 

-

B.4 - 15'4" 0 - 1 1611 

,-·-_, 
0 - 5 B.5 I - 14 1211 

5 - 6 

i 0 - 1 
B,.6 ,... 3'1" At 1 1 I 

:...,..' -.) 

(c) Drilling Data of Proposed Bridges. 

(i) Road Bridge. 

Dep:;-r -
Sample . From Sandpump, 

of bed I Core or Chip. 

I 13 Sand. Sandpump. 

10 Sand am. she 11,. Sandpump. 

28 Hard sandstone. Sandpump. 

9 Hard metamorphic rock. Chip. 

4 I Sand. Sandpump. 

3 Blue clay. Sandpump. 

7 Blue clay and stone. Sandpump. 

3 Hard metamorphic roe k. Core. 

1'8" Hard metamorphic rock .. t;·· ·-"""' 
1 16« Hard metamorphic rock. re. 

~ Sand, shell and gravel. Sandpump. 

1 Hard metamorphic rock. Chips. 

l __l Sand and shell. Sandpump. 

Hard metamorphic rock. Chips. 

!,Position from Bluff 
, Hill Trig. co-I ordinates in feet. I N, w. -

7340 1330 

I I 
I 

7240 1370 

l 
~ 7140 

1410 

7040 146o 

I 6940 1510 

I 

6840 1560 

¥1 .. 



Hole ~ Collar ~ 
Noo from 

1.w.o.s.T .. 

B.8 - 12 1511 

~~19• 

B .. 10 i - 16'6" 

·-· -, ... ,; 

(ii) Railway Bridge. 

Dept: i1 ,I Depth f Sample ~ From Sandpump, 
Core or Chip,. of bed I I 

19 ~ Hard sand. I Sandpump, 

belo, 
coll: 

0 - : 

r 

9 

19 - : 0 1 Hard metamorphic rock .. Chip. 

0 - 4 
At 4' 

0 - li 
At 4' 

0 ... 5 

•6•1 4 t611 

611 

4 

t6t~ 5t61t 

Hard sandc, Sandpump 

Hard metamorphic rock• 

l Sandpump, 

Chip. 
-

Sandpump. 

I Sand. · 

~ard metamorphic rock. 

Bollb 
- 16'8"-G.7 

7 ,... 8 

O - 9 

1•6tt 
I 

I 1 
-
9 

Sandpump .. 

Core. 
--

Sandpump. 

j :and, shell and gravel. 

I Weathered rock. 

I Hard metamorphic rock. 

Sand. 

B.12 - 12Y 9 -20 

I 20 -24 

I I 24 -2, 
11 

I 
4 

I 1 

Sa.ndpump .. 

Sandpump .. 

Coreo 

. Sand and gravel. 
I Weathered rock. 

Hard metamorphic rock. 

Position £ram Blu££ I 
Hill Trig., co-

ordinates in feet. 

N. I. Wo 

6990 I 1644 I 
I 

~ 
7082 I 1580 

I 
J 

7180 
I 

1533 I I 

I 7287 I 1473 

I I 
I I 
I I 7327 1474 

I 

I I I 

\J1. 
\Jl. 
• 



~ 

-
Hole • Collar Depth Depth 
No. from below of bed 

1.w.o.s.T. collar 

0 - 20 20 

B.13 - 1'711 20 ... 32 12 

32 - 37 5 

I 37 - 51 14 

I 
B.,14 I - 12 1811 0 0 

0 - 3 J 
3 .... 15 12 

B.15 - 8• 15 ,.. 23 8 

I 23 - 24 1 

I I From Sandpump, I 
Sample Core or Chip. 

I 

Sand and shell. Sandpump. 

Sand (loose). Sandpump. 

Sand and gravel. Sandpump. 

Sandstone. I Sand~ump. 

I 
Hard metamorphic rock.' No drilling. 

Sand. Sandpunrp. I Sand and gravel. Sandpump. 

Hard sande Sandpump .. 

I Hard me.tamorphic rock ... I Core. 

. Position from Bluff 1 

Hill Trig. co-
ordinates in feet. N.,w. 

I 7409 1454 
I 
I 

·-
7112 1522 

I 

6948 1628 

I 

Vt 

°' .. 
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(iii) Check Probing. 

Collar Depth of 
1· 

Depth of Assumed 

f 
~Position from Bluff 

Probe No. . from . Probe Bed . Sample Comment Hill Trig. co-
L.W.0 .. S$T. I !ordinates in feet. 

I I I 
71:~ r 

w. 

Q - 14tll11 I 
0 - 0 0 Hard roe~ 1460 

p - 14 17n 0 - 0 0 Hard rock. 7012 1521 

B.J.4 T - 13' 0 - 0 0 
I Hard rock. Check on B.14. 7112 1522 

-

B.,6 - 4 t 2fl 0 ... 0 0 Hard rock. Check on Bo6. 6840 1560 

-
i 

A - 101711 0 ... 0 0 Hard rock. 6892 1472 

I - -

I B - 3 ! 611 0 - 0 0 Hard rock., 6805 1498 
I I I 

F I - 2 f7t1 0 - 0 0 Hard rock. 6824 1618 

I 
I 
I 
1 

V1. 
-.J 
• 
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