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GEOLDGICAL INVESTIGATION OF THE TASI~N BRIDGE

~.

Proressor S. Warren Carey and A. Spry.

INTRODUCTION.

This report was prepared in the rirst instance by

Spry who carried out the rield investigations and has been

modiried in detail by Carey.

final text.

Both Carey and Spry agree on the

· .

"-" ~

The following geological work has been carried out:­

Geological reconnaissance and surrace mapping around the

site.

2. Examination or diamond drill cores and other samples from

39 holes drilled before construction and approxinmtely

12 holes drilled at the bases or the piers which have

been constructed.

of the seismic profile.

5. Brief examination of the results or the mechanical analyses,

triaxial tests and compression tests on drill samples in

order to estimate the properties or the Tertiary clays

3.

4.

Plotting, correlation and interpretations of all drill logs

and available infornmtion to determine the distribution

of nmterials across the site.

Correlation of seismic data with samples and interpretation

2.
/

and sands.

The results are presented in three sections:-

A factual account of the materials present at the site.

A geological interpretation of the evidence available

at the site and in adjacent areas.

3. Prediction or conditions likely at each pier position
/

and recommendations for further investigation.
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MATERIALS PRESENT.
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The materials at the bridge site consist of unconsol­

idated mud in a semi-liquid state, various lli,consolidated and
,~~

semiconsolidated sands, clays and gravels, consolidaved rock and

crystalline rock of high bearing capacity, and weathered or

partial1y weathered forms of these.

•
, -

• --

Bedrock

Solid rock will be referred to here as ~~ock; it

should be noted that the term "bedrock" is synonymous with Carey's

(1954) "Germ "pre-Tertiary bedrock" but differs from the use in the

geophysical report (Polack and Moss, 1958) who define bedrock (p.3)

as "rock other than silt and gravel" and included Tertiary sediments

with velocities of 6,500+ ft./sec to 7,500 ft./sec. in the category

of bedrock.

Two varieties of bedrock (dolerite and basalt) have

been found either in outcrop on the bank or in bore holes. Other

consolidated old rocks (Permian or Triassic mudstones and sandstones

have not been found at the site but might be eJqJected at depth

benoath a cover of sands and clays or basalt. Deep erosion of

hedrock between piers 4 and 7 suggests that there might be a soft

(i.e, shattered or faulted zone) in the bedrock here •

Dolerite

Dolerite outcrops strongly on both banks (see fig. 1)

has been found in bore cores and in the construction of piers 20

and ~1. It occurs beneath silt or gravels on the sides of the

site between piers 0 and 4 (?) and between 18 and 21. A 1954 drill,

hole at chainage 2133 (north of piel- 9) penetrated dolerite 'bene'3.th

basalt.

Despite its great strength in the fresh condition

dolerite is not necessarily an ideal foundation r~terial because

it is prone to weather deeply. Carey (1954) stated that "oven deep

Within the dolerite there would be zones of advanced weathering and

poor bearing strength". The difficulties encountered in placing
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piers 19, 20 and 21 are compatible with those met elsewhere. The

upper surface of the dolerite is tough and fresh in some places but

~ is fractured, weathered and sort in others. The weathering extends

down and along joints leaving spheroidal boulders of comparatively

fresh rock in a mixture of clay and calcite or may leave pinnacles

of fresh rock surrounded by altered material. In general, the

quality of the rock improves with depth but weathering and shatter­

ing may extend down for hundreds of feet in certain zones. The

joints Which control the weathering are mostly steep and n~y form

groups along minor faults which cut through the dolerite. As a

result, one drill hole might show good sound dolerite right from

tit the surface whereas another a few feet away could meet weathered

material for tens of feet. Weathering may also be flatly

distributed along flat joints or certain compositional zones in

the dolerite.

•

The seismic survey indicates a sloping surface unde~lain

by rock (dolerite) with a seismic velocity of 15,000 ft./sec.

between pier 19 and the eastern abutn~nt. This velocity is

consistent with somewhat jointed and weathered dolerite;

construction at these piers met the dolerite at the depth and in

the condition which would be expected from the geophysical results.

Completely fresh, non-jointed dolerite has a velocity of about

20,000 ft./sec.; jointing alone may reduce the velocity to about

13,000 tt./sec. but weathering plus jointing reduces the velocity

in a marked fashion and strongly weathered dolerite may have a

velocity as low as 7,000 ft./sec.

Dolerite has been met in drill holes ~t the western

abutment and at pier 1 Where it is covered by shl;lllow water and a

thin layer of silt, sand and clay.

Basalt

The Tertiary basalt is a tough LQack rock when fresh,

finer in grain that the dolerite and containing abundant vesicles

and amygdalee up to 2" across containing calcite, clay and zeolites,
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The basalt i6 inferior in strength to the dolerite because of the

presence of abundant vesicles or large amygdales filled with

calcite or clay. There are also nun~rous SUb-horizontal seams

of calcite spaced about 2" apart. Weathering of' the basalt is

leEjs irregular than that of the dolerite; shatter zones are not

known, and deeply weathered zones are uncO~J~on. Alteration to

massive clay (probably hydrothermal) is found in cores at piels

17 and 9.

Basalt has been met at the site only in bore holes

which have revealed a sheet extending from pier 9 to pier 17 with

an upper veSicular surface at between 155 and 165 feet below sea

·level. It is covered by silts, gravels and sands averaging 75 feet

in thickness. The maximum thickness is 70 feet at pier 9 where

it occurs between -147ft. at the Shallowest and -250 ft. at the

deepest. In the 1954 drill hole at chainage 2133 basalt rests on

dolerite at -232 ft. with the upper surface at -190 ft. In drill

holes at piers 13, 14, 15, the basalt changes from vesicultir to

massive with increasing depth then to very vesicular and then massive.

,The change(at possible depths of -195 ft. at pier 10, -168 ft. at

pier 12, -175 ft. at pier 14 and -182 ft. at pier 16) may be the

contact between a lower and an upper flow•

The material in the bottom of the drill hole at pier 8

(-224 to -253 ft.) is not basalt in situ as originally logGed, but

a peCUliar kind of sediment composed of angular to well rounded and

water-worn fragments of bnsalt in a tough brown sandy-clau ~~trix.

It is unlike any sediment seen in Tasmania and its origin is

conjectural. It is not weathered, in situ basalt, nor is it a

true volca.nic breccio.; it is a post-basalt sedim~mt composed of

basalt fragments showing small emounts of transport and weathering.

I~s bearing capacity would be inferior to fresh basalt but would be

considerable.

Sedimentary Forrr~tions

The sediments overlying bedrock ~~y be divided into two

main parts which can be further subdivided. The younger,
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unconsolidated part, will be referred to here as Recent silts,

sands and gravels and the older, tougher material will be referred

to as Tertiary sands, claYs and gravels. The terms "Recent" and

"Tertiary" Im::y not be strictly accurate in the stratigraphic sense

(as discussed later) but follow the terminology used in the earlier

geolog!cal report ['nd the geophysical report.

Recent Silts, Sands and Gravels:

The first layer to be met beneath the water is generally

composed of soft mud but gravel and unconsolidated sands and clays

are associated with it. The upper surface extends from between 0

•
and -155 ft. and the lower surface to -160 ft. although the lower

limit is not always clear•

Between piers 11 and 17 black to brovm silt occurs

With a thickness of about 90 ft. It is very soft, rich in H2S

and is acid near the surface but with depth becomes stiffer, less

aCid, loses its smell and commonly becomes brown and contains

other sediment in layers. The organic remai~s indicate a change

from estuarine conditions in the deeper part to marine conditions

in the shallower part. The base of the silt rises steadily to the

smooth and is probably a surface of present-day deposition•

\ Between piers 9 fwd 17 the silt is underlain by•
eastern and western bar~s where it thins. The upper surface is

unconsolidated gravels resting on bedrock but nearer tbe bank, on

the western side, the silt rests on sands and gravels then on older

sediments.

The base of this Recent silt-sand-gravel group is
s

somewhat arbitrary, but ip indicated by the following:-

(1) - A seismic discontinuity between an upper 18,yer with

velocities about 5,000 ft./sec. (Recent) and a lower

layer with velocities ranging from 6,000 to 7,450 tt./sec.

(Tar't iary) ,

(2) - a change in organic content from rr~rine shell fragments

to carbonized wood fragments,
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(3) an increase in the degree o~ consolidation of the

sediments.

These criteria wore used to deli~eate the layer

shown in fig. 2. The lowest part consists of a discontinuous

layer of gravel (Quaternary gravel" o~ CsreJi. 1954. p.7) composed

of water-worn fragments up to 2i\-" across of basalt, quartz,

dolerite and chalcedony and occasional shellsin a sandy or clay

matriX. Most of the shell f.ragrr~nts are of mussels which at

present live close to the intertidal zone alld suggest that the

gravel "las deposited in very shallow see. weter.

The gravel is overlain directly by so~t silts in the

... eastern part (With the possible exception of pier 18) but west

of pier 10, a layer of yellow and grey sands, sandy clays, clays

etc. occu~s between the gravel and the silt.

thickness of at least :0 ft. at pier 7.

These ree.ch a

A general correlation of the seismic profile with the

base of the Recent silts, gravels etc. is possible; the basal

gravel occurJ close to the profile and withill the limit of the

easterly dip of the seismic profile between piers 4 and 11 nmtches

the dip of the layers as correlated between the boreholes ••
errur (15 to 20%) indicated in the geophysic~l report. The Shallow

No compressibility tests were carried out on this

forrootion and the result of only three triazial tests are available:

( 1 )

(2)

(3)

no. 8455, pier 5, depth 72 ~t.

no. G185, pier 18, depf;h 144.29 ft. to 145.29 ft.

no. 6185, pier 18, depth 145.57 ft. to 146.57 ft.

These show low shear-strength nmterie.ls, not pre-

compressed but similar in some ways to the underlying Tertiary

and is underlain by plrstic materials; the possibility of using
•

sediments • Tho gravel has not been tested but the layer is thin

this horizon as a foundation is discussed later.

Tertiary Sediments:

A layer of between zero and possiblY more tr~n 200 ft.
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or sandy clays, clays, sands and gravels occurs between p~ers

:2 and 9. The sediment is overlain by Hecent silts etc. but its

base has not been penetrated in bores at piers 4, 5, 6, 7 and 8 so

that its maximum thickness ond lower limit are not known.

The lowest kno,m part of the format ion (not necessarily the

base) Is a gravel which reaches at least 30 rt. in thickness at

pier 6 and possibly 60 ft. at pier 8. The material is variable

it its lithology; at pier 8 and 7 it is composed or basalt

fragn~nts in a con~act brovm sand-clay matrix, at pier 6 it

contains water-worn and polished small pebbles of quartz in a

clay or sand matrix, at pier 6 the pebbles are rough angular ones

of basalt at -292 ft. but small well rounded ones of quartz at -?77

4It ft., at pier 5 it contains water-worn pebbles of quartz etc. up

to 1r," across in clay matriX. The gravel is overlain by a thick

mass of sand, clay with minor pebbly, clayey, sandy or silty

horizons. This material is stiff and dense and tends to be grey,

•

with blue or green tints in the deeper parts and yellow or brown

tints in the upper parts. No marine rossils were found but carb2Bed

wood fragments occur in several drill holes (149 ft. and 242 ft.

at pier 7, 157 f't. at pier 8). Some of the sediments effloresce

and taste strongly of' alum.

Mec~~nicDl analyses show that the stiff sandy clay

is a poorly sorted mixture of clay, silt and sand grades. The

results of some mechanical analyses from piers 4, 5 and 6 are

plotted in f'ig. ~. There are not sufficient analyses to recognize

if' there is any pattern present and it is not possible to correlate

between the bore-holes. In general the n~terial contains 30 - 45%
silt and is sandier With depth.

The physical properties are discussed in son~ detail in

a later section.

The possible presence of a separate layer at the top

of the Tertiary sediments is rocognized; it has some properties ~n

common With both the Recent and Tertiary sediments. Its

characterist~cs are:-



It occurs between lovels of -90 ft, and -105 ft.

at pier 5, -95 ft. and -120 ft. at pier 6, and

-120 ft. and -150 ft. at pior 7.
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2. It is a fine, yellow clayey sand,

It may be of lower strength than the normal

Tertiary materials. Sat"ples from between -°,20 ft.

and -150 ft. at pier 7 are largely of unconsolidated

sand.

II. GEOLOGICAL INTERPRETATION.

•
There is not sufficient evidence availaGlo at the

site itself to determine the relations of the different materialG

( dolerite , basalt, "Recent and "Tertiary" sediments) to each

other and it is necessary tc use our knowledge of the geology of

the surrounding area. Such interpretations are useful but must

be treated with caution.

Bedrock relation~.

The dolerito at the abutments ar,d in the drill holes

is identical with and almost certainly continuous with the

dolerite which outcrops in the Domain to the wost and Rosny Hill

on the east. The Domain dolerite intrudes Triassic sediments and

• the Tiosny Hill dolerite intrudes Permian sodiments so that some

complexity of structure is to be expected beneath the river, but

as the dolerite is known to be transgressive, nothing more than

this is necesdarily implied. The relation between the Permian

and Triassic sediments at Risdon, two miles to the north is shown

in fig. 1. A fault zone With a throw of at least 400 ft. should

pass from Risdon through the bridge site but it is concealed by the

Tertiary and Quaternary cover and its exact location is not known.

Both Jurassic and Tertiary faults may occur.

The relation between basalt, Permian sediment and

dolerite at Shore Street POint, 4000 ft. north of the site on the

east side is shown in fig. 1b. The dolerite rises sharply through

the Permian, and the basalt rests on bedrock with no underlying
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Tertiary sediments.

side of the site.

This st., ucture is probable on the eastel'n

•

Tho probable relation between dolerite, basalt, and

"tertiary (?),. sediments at Carnelian Bay-, 6,000 ft. north of

the site on the western side is shown in fig. 1c.

(1) The sediments appear to occur in a deep narrow channel

cut in basalt and dolerite.

(2) The basalt rests directly on dolerite.

(3) The eastern side of the dolerite has a steep slope and

is strongly weathered.

Sediment Relatl~.

The relations between the "Recent" and Tertiary"

sediw~nts and the basalt have a considerable engineering signif­

icance e.g. if the "Recent" sediments are pre-basaltic they will

have been considerably precolnpressed whereas if they are post­

basaltic and Late Tertiary or Pleistocene they may not show

appreciable precompression.

The Derwent Valley has a structural origin dating

back to an epoch of intense epeirogenic faulting which began early

in the Tertiary. The faulting resulted in deep, narrow, fre8hwater

lakes in which were deposited many hundreds of feet of clays, sandy

clays, sands and coarse sediments. These sediments were at least

partly covered by later basalts, e.g. at Sandy Bay, 4 miles south

west of the bridge site. Little is known of the events after the

basalt but it appears likely that further sediments were deposited

after considerable erosion of the basalt. Sediments containing

Cainozoic plant ~os8ils occur up to 75 ft. above sea level at Moonah,

Sandy Bay, and South Arm and up to 600 ft. near' Richmond, all

Within 10 miles of the bridge site. They extend to at least 100 ft.

below sea level at Seven Mile Beach. The relations between these

is not known and the3 may be of different ages.

In Pleistocene times the whole coastline experienced

changes in sea level. During glacial periods the sea level was
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probably 100 ft. - 300 ft. lower than at present and during

interglacials was at least 70 ft. above present sea lEvel.

The Mary Ann Bay sandstone of Green (1960) at 40 ft. - 70 ft.

above sea level, together with platforms at this level elsQwhere

indicates that sedimentation occurred up to 70 ft. above present

sea level in some places during the Pleistocene. The present

depth of the Derwent is due to Recent drowning of about 100 ft.

but there is evidence that the sea level was 300 ft. below the

present level during the late Pleistocene. These changes in

sea level must have caused some pre-consolidation effects on the

sediments e.g. high sea levels could produce sedimentation to

100 ft. or so above present sea level and thus place 2 load on

... eXisting sediments; lowering of sea level could cause draining

and perhaps dessication of the sediments and increase their

strength.

The so-called "Tertiary" sediments between piers 4 and

8 fit into the known geological framework on the area in three

possible places. The sediments could be (1) Tertiary and pre­

basaltic, (2) Post-basaltic and Tertiary, (3) Post-basaltic

and Pleistocene.

Most of the known Tertiary sediments are pre-basaltic

• but if this were the OGse here, the sediments would have to have

been deeply eroded and the basalt flow against a steep cliff of

soft sediment.

The evidence favours a post-basaltic age for the

sediments for the following reasons:-

(a) No Tertiary lake sediments occur beneath the basalt

in bore hole 2133 nor on the shore just north of the bridge, nor

at Rose Bay, Ge1lston Bay, Risdon Vale nor £okeby; in all of

these places the volcanics rest on basement rock.

(b) The sediments appear to rest on the basalt at Cornelian

Bay. Similar sediments rest on basalt near Cadbury's factory

and no basalt is known to rest on them throughout Moonah and

Glenorchy.
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(c) Pebbles of baselt are common in the sediments.- This

•
--.

•

indicates that the sediments are later than some basalt, not

necessarily that at the bridge.

(d) A layer of coarEe gravel containing basalt fragments

dips away from the basalt and passes beneath the sediments at

piers 5, 6, 7 and 8.

The eXact age of the basalt is not known but a po~t­

basaltic age for the sediments coulc mean either late Tertiary

or Pleistocene. It is possible that the srdimonts were deposited

in a channel cut to about -300 ft. during a Pleistocene glacial

period but this would imply that the existing channel of the

Derwent, Gast of the Cornelian Bay cemetery, Risdon, etc. would

have been cut in the late Pleistocene. It is unlikely that the

sediments could be pleist c;(me 8S they appear to be lacustrine;

sedimentation during the Pleistocene in this location would be

expected to be merine.

The sediments at the bridge site and at Gornelian

Bay resemble those at Pipe Clay Lagoon and Pittwater in their

lithology, leaf conten~, oXidation, limonite concretion content

and known vertical range. They were possibly deposited in a

single l8,ke. The clays at Pi ttwater hsve been eroded to about

-100 ft. and covered wlth thick alluviurL, (late Pleistocene ?)

which appears to be much younger.

The available evidence dOGS not allow a distinction

between a late Tertiary and an Early Pleistocene age. In either

case the sediments at one stage may have been loaded to st least

75 ft. above present sea level and at another stage were drsined

by a sea level as low as -160 ft. belcw sea level. Both of these

effects could be expected to have produced some preconsolidation

in the sediments. If "We taka a sample in the midd::'e of the

"Tertiary" sediments 1. e. et 200 ft. below sea lovel at Pier 6,

it is at present overlain by about 120 ft. of Tertiary sediment

(With a density of about 110 - 120 lbs. per cubic ft.) Then by

about 30 ft. of saturated eanis and silts (With an average
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•

density of about 80 lbs. per cubic ft.) then 50 ft. of water.

The effective load at present would be 3 tons per sg, ft. if

the Tertiary sediments are taken as saturated and permeable.

Lowering of sea level to drain completely the Tertiary sediment

would have loaded it to 6 tens per sg. ft. Sedimentation to

75 ft. above sea level without draining would give a load of 6

tons per sg. ft. and complete draining would have given a load

of 15 tons per sg. ft. The geological history indicates

preloading by between 3 and 15 tons per sg, ft.

It is possible to recognize the eXistence of pre­

compression and to measure its amount experimentally by either

the triaxial shear tests or the void-ratio test •

The triaxial diagrar~ are very irregular but indicate

a value cf 20 to 40 Ibs. per sg. inch for previous loading, i.e.

1 to 2 tons per sg. ft.

The void-ratio tests are also difficult to interpret

because of a lack of sharp curvature. They indicate that the

specimens have previously been loaded to between 2 and 7 tons

per sg. ft. It is concluded that in the exumple chosen (200 ft.

below sea level) a specimen is under an existing load of about

3 tons per sg. ft. Precompression by as much as 15 tons per

sg. ft. is not impossible but physical tests do not favour precom­

pression by more than 4 additional tons per sg. ft. in the best

specimens and no pre compression in most.

There is no real geological evidence indicating

appreciably more precompres",ion than is shown in the tests.

Geological cross section

The drill hole and seismic data are swmr£rized on

fig. 2 which utilizes sheet 11D/12 and the 1961 drill holes. No

attempt was made to completely re-log the holes but all available

specimens heve been 0xamined. Fig. 3 shows what we consider to

be the most likely interpretation With the Tertiary sediments

post-basaltic. The bedrock structure given is only one of the

possible interpretations and is only included to enlarge the scction
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and no conclusions should be based on it.

A series of profiles in fig. 5 inQicnte the probable

topographic evolution of the valley.

Foundation Conditions

As considerable time has been spent on the inspection

of drill hole samples and the interpretation of drill logs and

seismic data it may ?e useful to indicate what conditions are

expected at each one of the pier positions. The evidence is only

fragmentary and the following remarks must be taken only as a guide

to probable conditions •

• III. FOU~IDATION CONDITIONS

•

West Abutment:­

Facts

(1) Water depth - 16 ft.

(2) Drill holos, 1958/59 series; D.H 5 chai.nage 3375,

25 ft. north of centre line; D.H. 6 chainage 3374, 25 ft. south

of centre line. Broken dolerite between -16 ft. and -21 ft. then

into fresh dolerite with thin seams of calcite.

(3) Seismic data:-

Refraction with 21,000 ft./sec. velocity at about -32±4 ft •

Interpretation

o to -16 ft. water

-16 to 17 ft. silty sand With shells, few pebbles and

boulders.

-17 to -20 ft. bedrock; dolerite moderately jointed

and weathered.

-20 to -30 ft. dolerite, slightly weathered along joints.

-30 ft. massive, strong dolerite. ,:leathered zones

are possible (particularly parallel to the seismic

traverse) but a seisldic velocity of 21,000 ft./sec.

indicates good rock.
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Broken dolerite

Pier No.1.

Facts

(1) Water depth - 23 rtf

(2) Drill hole, 1958/59 series - B.H.7, chainage 3240.

Recent sand underlain by clay -23 ft. to -31 ft.

31 ft. to 34.6 rt., slightly fractured to 43 ft.

(3) Seismic data:-

Refraction at -SO±7 ft., 18,000 ft. per second.

-31 ft. to -35 ft. fractured and somewhat weathered dolerite •

Interpretation

o to -23 ft. water

-23 ft. to 31 ft. Recent sediments

• -35 ft.

joints.

dolerite, SJund, but slightly weathered along

No reasanto suspect that point-load bearing piles

could not be based between 31 and 35 ft. but as indicated in

the discussion of dolerite on pages 2 and 3, sporadic and

unpredictable weathered zones are possible.

Pier No.2.

Facts

•
( 1 )

( 2)

(3)

(4)

Water depth - 25 ft. (?)

No drill hole data

Seismic data: Refractor 11,000 ft./sec. at _70±10 ft •

Information from eastern lift span of existing bridge,

400 ft. north. Recent sediments to -90 ft., weathered dolerite

to -120 ft. th'3n sound dolerite.

Inte:.;:pretation:

o to -25 ft. water

-25 to -35 ft. soft mud \

j-35 to -45 ft. sand and clays

-45 to -50 ft. gY.'avGl

Recent

-50 to -75 ft. broken and weathered dolerite.

-75 ft. to depth dolerite improving

It may be considerable more difficult to place this pier

than piers 19, 20 and 21 which have already been constructed. It

is possible however that the dolerite on the western side will be
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weathered more evenly as well as more deeply but it seems probable

that some tens of feet of weathered dolerite must be penetrated

to find a solid footing. It is recommended that a diamo::ld driJ-l

hol.e be located here to penetrate to 100 ft. below sea level.

It is expected that point-load bearing piles could be based at

-75 ft. to -100 ft,

Pier No, 3.

Facts

,

•

(1; Water depth 35 ft.

(?) No drill hole data.

(3) Refractor, 9,000 ft./sec. at _80±12 ft.

Interpretation

Conditions are expected to be somel',hat similar to pier 2 except I

o to -35 ft. water

-35 to -50 ft. soft mud

j-50 to -65 ft. sands and clays Recent

-65 to -75 ft. gravel

-75 to -100 ft. either soft Tertiary clays and sands,

possibly with some gravel or ivoll weathered dolerite.

-100 to -140 ft. weathered dolerite.

-140 ft. solid dolerite.

•• The dolerite-sediment interface is expected tQ dip

towards the river at about 250
• It is recommended that a di~mond

drill hole be located here to penetrate to -140 ft. or to solid

dolerite whichever is the deeper. The ~~~t that can be hoped is

to base point-load bearing piles f,t -100 ft. but the depth may be

greater. One in~erpretation which is consistent with the geologica

information is that the steep slope of the dolerite near pier 3

is a fanlt-line sC8rp of a graben located between piers 3 and 9.

This graben could be pre-basalt or partly both.

Pier No.4.

Facts

"

(1) Water depth 45 ft.

(2) Drill hole, 1958/59 series, D.H. 19, chainage 2814 ft.
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Depth -184 ft. no bedrock.

1954 series, D.H. chainage 2,800 ft. is 450 ft. north

(3) Seismic data: -

Discontinuity 7,000 ft./sec. at -90±.14 ft.

Interpretation

() to -45 f't. water

-45 to -60 ft. soft mud

-60 to -75 ft. soft sediments Recent

-75 to -85 ft. gravel

-"85 to -175'1 ft. Tertiary clays and sands

-175? to -200? ft. gravel?

-200 ? ft. weathered dolerite

The interpretation is largely based on the bedrock

conditions encountered in the 1954 drill hole (2,800) which is

450 ft. to the north. Owing to the location in the approach lane

of the existing lift span, no drilLing has been done here but it is

essential that more information be obtained in this section.

The dolerite bedrock is not likely to be met before

200±.25 ft. and will probably be considerably weathered. Difficultiel

will be experienced in placing point-load bearing piles here and it

may be better to locate skin-friction piles in the Tertiary

~ sediments or attempt consolidation of the gravels (see later).

If point-+oad bearing piles are to be used it is recorrill~nded that

at least two and preferably three further diamcnd drill holes be

placed just to the east and west of pier 4 to determine the depth

to the dolerite surface, the dip of the surface and the degree of

weathering of' the dolerite.

Pier No •. 5.

Facts

(1) Water depth 50 ft.

(2) Drill holes no. 6 of 1958/59 series

no. 11 cf 1956/59 series is 40 ft. east on

centre line.
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B.H. 6 went to -250 ft. and no. 11 to -290 ft. but neither

. reached bedrock. Correlation between the holes was good.

(3) Seismic data:-

Discontinuity at -93+14 ft. at 7,000 ft./sec.

Interpretation

o tD -51 ft. water

51 tD 70 ft. sDft black mud

70 to 77 ft. yellow sandy clay

77 to 83 ft. coarse gravelly sand

Recent

The base Df the Recent gravel probably coincides with the

seism~c di~cDntinuity.

Dxidized tD yelluw in the upper parts, brown

in the lower and greenish at the bDttom.

The driller's log indicates that the layer

becomes stiffer with depth from 83 to 190

•
83 tD 140 ft. Tertiary sandy clay. Grey in cDIDur but

but beCDmeR softer below that. Recommend-

ations for piers 4 - 8 are given later.

Pier ND. 6.

Facts.

B.H. 8; 30 ft. south Df ~entre line is B.H. 9;centre llne B.•
( 1 )

(2)

Water depth 60 ft.

Drill holes, 1961 series, B H 7,'• .I.. . 30 ft. nDrth Df

40 ft. west Df B.H. 7 on centre line is B.H. 10. Holes penetrataJ

tD -295 rt., no bedrDck fDund. CDrrelatiDn between hDles gODd.

(3) Seismic discontinuity, 5.900 ft./sec. at 98±15 ft.

Interpretatinn.

0 tD -59 ft. water

-59 to -79 ft. soft black rilud

1
-79 to -85 ft. sandy clay Recent

- 85 to -90 ft. sandy gravel

-90 to -240 ft. stiff Tertiary sandy clay. This is dDminantly

grey but atained yellow and brown in the upper

part and blue-grey or green at depth. Similar
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material at similar depth~ in other bore

holes suggests that the yellow clayey sand

from -110 to -135 ft. may be lacking in

strength but the driller's log indicates

that the llilloerial is stiff between -90 ft.

and -160 ft. Between -160 ft. and -220 ft.

•

•

the material is soft and of low bearing

capacity (there is some suggestion that

sensitive clays may be involved~; stiffness

increases from -220 to -260 ft. The lowcr-

most 30 ft. or so of gravel has a high bearing

capacity but bodrock is at an unknown depth,

(over 300 ft. )

Pier ho. 7.

Facts

(1) Water depth 65 ft.

(2) Drill hole D.H. 20, 1958/59 series, penetrated 282 ft.;

did not reach bedrock.

(3) Seismic discontinuity at -130±20 ft. with velocity

5,900 ft./sec.

Interpretation

0 to -65 ft. water

-65 to -80 ft. soft mud

1
-80 to -105 ft. sandy clay Recent

-105 to -120 ft. gravel and sandcoarse }

-120 to -150 ft. sand

-150 to -260 ft. grey Tertiary sandy clay with pebbly

horizons, compdct and stiff,

-260 to -280 ft. dense Tel"~iary gravel with -':H;:saltic

breccia at oottom.

The sediments increase in bearing capacity with depth

but it may be possible to utilize (for skin-friction piles) the

Recent sediments between -80 and -150 ft. as well as the normal

Tertiary sandy clay beloVi -150 ft.
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Recent

Recent

•

•

.!21or No.8.

Facts.

(1) Water depth - 65 ft.

(2) Drill hole. B.li. 5 of 1961 series and B.H. 22 of

1958/59 series. Depth 200 ft., no bedrock encountered.

Peismic data~-

Discontinuity, 6,500 ft./sec. at -127±19 ft.

Interpretation.

o to -65 ft. water

-65 to -88 ft. soft mud

-88 1;0 -115 ft. yellowish clayey sand, some cemented

and consolidated but at -112 fe. soft

sand forced freely into casing,

-115 to-118 ft. gravelly sand )

-118 to -200 ft. Tertiary sand, sandy clay, gravel, gravelly

sand etc. becoming well consolidated with

depth.

All of the sediments from about -90 ft. down would

SUppOI't piles by skin :friction; thd dense breccia at -220 ft.

might even support piles with heavy loads but it would be difficult

to excavate for piles of the type being used at present, e.g.

those at piers 20, 21 etc•

Pier No.9:

Facts.

(1) Water depth - 60 ft.

(2) Drill hole 1961 series B.H. 2a, 1958/59 serles

B.H. 3; 1954 series bore hole at chainage 2133 ft. is north of

pier 9. Bedrock at -187 ft.

(3) SeismiC discontinUity, 6,500 ft./sec. at -120±25 ft.

Interpretation.

o to -60 ft. water

-60 to -100 ft. soft mud )

-100 to -140 ft. sandy clay and clayey sand)

-140 to -187 ft. recent gravel overlying thick basaltic

gravel which is probably Tertiary.
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-187 to -230 ft. Basalt, weathered in the upper parts.

The depth to reasonably solid bedrock is about 200 ft.

of which the last 50 ft. will be rather difficult to excalate for

point-load bearing piles. Piles ~ould probably be located in the

Tertiary gravels but this would require further drilling on both

sides of Pier 9 to check their physical pr~perties and

distribution.

Piers 10 to 17.

As these are very similar they will ~e taken together.

Facts

(1) Water depths - descending from 67 ft. at 10 to

105 ft. at 17•

(2) Drill holes.

Pier 10, 1958 series B.B.4, 1961, Series B. B.1

Pier 11 , 1961 series B.B.4, near B. B•. 1 ,800 of 1954 series.

Pier 12, 1961 series B. B.18

Pier 13, 1958 series B.B.8

Pier 14, 1958 series B.B:. 9

Pier 'j 5, 1958 series B.B. 10, 11 , 1961 series B.li. 3

Pier 16, 1958 series B.B. 12

Pier 17, 1961 series B.B. 2

Soft Recent mud is met between the bed of the river

•

• and the following depths:- -118 ft. (Pier 10), -140 ft. (FieI'

-155 ft. (Pier 15), -150 ft. (Pier 16),

11 ) , -140 ft. (Pier 12), -150 ft. (Pier 13), -160 ft. (Pier 14),

-160 ft. (Pier 17).

Comparatively soft sands and clays occur beneath then

there is a discontinuous layer of gravel from 0 to 15 ft. thick.

Bedrock (ba~alt) is met at the following depths:­

-145ft. (Pier 10), -155 ft. (Pier 11), -150ft. (pier 12),

-155 ft. (Pier 13), -160 ft. to -170 ft. (Pier 14), -165 ft. (Pier

15), -160 ft. (Pier 16), -160 ft. (Pier 17).

Pier 17 has been constructed and investigations do not

suggest that conditions at piers 10 to 16 will differ appreciably

nor that any great difficulties will be encountered. The basalt
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bedr.ock is v0sicular and the upper surface tends to be broken

and somewhat weathered. vreatherlng is more pronounced at piers

10, 12 and 1 5. At pier 15 the upper part of the basalt from

•

•

-165 ft. to -180 ft. is sound but the basalt deeper than this is

strongly altered to clay; there is no reason to suppose that the

15 ft. of sound basalt should not stand the load but as the drill

hole evidence is fragmentary, this variation in the bedrock should

be watched during construction.

Pier 18.

Facts.

( 1 ) Vie.. ter depth - 120±5 ft.

( 2) Drill holes • 1958/59 series, B.H. 17 (15 ft. cast

of pier) • B.H. 13, 13,A , 13B, 15, 16. Bedrock (dolerite)

at -187 ft. in B.H. 17.

(3) Seismic discontin~ity, 11,000 ft./sec at -160±24 ft.

Interpretation

The seismic discontinuity is probably en very broken and

weathered dolerite.

e to -120 ft. water

-120 to -145 ft. soft black mud

j-145 to -160 ft. sands and clays Recent

-160 to -180'? :ft. coarse gravel

-180'? to -210? ft. broken and weathered dolerite

-210ft. fresh dolerite

It is difficult to predict exact conditions as the

dolerite surface is probably very irregular. This pier appears

to be close to a minor channel between the dolerite and basalt,

and the gravel can be expected to be thicker and the weathering

deeper. It is possible that the dolerite has been faulted and

shattered here and this will i~crease the depth of weathering.

This pier is expected to be conslderably more difficult to pIece

than numbers 19, 20 and 21 whiqh are close by on dolerite.
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Pi~rs ~os. is, 20, 21.

These have been constrncted. Difficultuis met are

compatible with the information availrble prior to construction

anQ no unexpected conditions were met.

RECOWill~NDATIONS.

The foundations of the piers belong to three types,

each of which may require somewhat separate treatment.

Type I. is based on dolerite in the sections from the west

abutment to pier 2 and from pier 18 or 19 to the eastern abutment.

Point-load bearing p~les are being used successfully in this

section although irregular weathering of the dolerite causes some

diffi cUl ty.

Type II is based on basalt in the section from pier 10 to 17 or

18. (Pier 18 has been discussed in detail earlier). Point--Ioad

bearing piles are being used in this section successfully.

Type III is based en Recent sediments overlying thick Tertiary

sediments With bedrock at an unknown level in the section between

pie:r's 2 and 9.

Four posible alt(3rnative treatments are considered:­

(1) Point-load bearing piles to bedrock•

(2) Skin-friction piles into the Tertiary sedimen~s.

(3) Consolidation of the basal zone of the Recent

sediments and distribution of the load to a

degree such that the for~~tion can accept it.

(4) Son~ form of submerged pontoon foundation to

bear part of the load by buoyancy.

(1) Point-load bea~ing piles.

Bedrock cannot be expected in this section above

-300 ft. and could be substantially deeper. The Tertiary sediments

offer substantial skin friction so that ultimately a depth is

reached beyond which it is not practicable to look for point-load

bearing foundations. This depth has probably been exceeded at
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these piers and we therefore omit further consideration of this

kind of pile.

(2) Skin friction piles.

These appear to be a practical proposition in the

Tertiary sediments, however it is necessary to ensure that the

loads are distributed so that the transmitted load to the

sediments does not exceed the strength of the material at any

part of the bulb of pressure surrounding the pile. Considerable

data is necessary before a design could be attempted. Bores are

needed at and near each pier site in this section, drilled with

split core barrels and mud or by other special tech~iques designed

• to obtain cores of semi-consolidated material for basic soil tes ~s.

These bores must be carried beyond the expected depth of the base

of the piles to ensure that no lower-stratum eXists whose mechanical

properties would allow it to creep in the stress fields which would

reach it.

This section demands a much more thorough investigation

than any ot~er and the bridge design cannot be completed without

such investigation.

•

•

(3) Consolidation of the Recent sand and gravels •

If it were possible to consolidate the Recent sedimenta

so that piles could be based at this shallow level there could be

a substantial saving in cost. The possibility should be investi-­

gated of consolidating the layer of gravel (5 ft. to 15 ft. thick)

and sand and sandy clay (6 ft. to 15ft. thick) and of distributing

the load to a degree that can be borne by this zone.

Consolidation could be by three stages:- first by

cement grout, followed by a chemical grout with a final grout of

acrylamide. The chemical grout could consist of &n aqueous

solution of barium floride. The natural water in the sediment

contains calcium ions and sUlphate radicle which would react with

~ the barium fluoride to give barillill sulphate and calcium fluoride

(the relative solubilities of the salts in gms. per 100 cc. are
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CaF 2' 0.0016;
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BaS04, 0.000~3).

with barytes and fluorite could convert them into tough conglom-

erete and sandstone.

It is possible that an acrylamide grout (AM9) might

be usee as a third stage in consolidating the sands and gravels,

AM9 is a mixture of two organic monomers, acrylamide and methylene

bis-acrylamide; it produces very stiff gels from dilute aqueous

solutions by polymerization. The matelial retains its low aqueous

viscosity until a certain period after the addition of the catalyst,

then gelation is sudden• Its low viscosity permits it to be

.~ pumped into silts which are qUite inaccessible to cement grout.

A significant increase in strength is obtained and as the grain

size of the grouteu material decr~ases, the strength of the

stabilized mass increases.

!
AM9 is still fairly expenSive (£3 per cubic foot or

£10 per ge.llon) but emplacement times are lew cmd siLce labour and

overhead contribute more than rr~terials to the COSG of grouting,

the plocess is not prohibitively eX;Jensive.

If the proposal tc consolidate the leecent sediments

• is pursued in preference tu that of seating skin friction piles in

the Tertiary sediments, then a detailed enquiry into the ap~lic-

ability of AM9 to this problem should be sought from the Amer~can

Cyanamid Company who market the process. In the moantime we have

trade literature ard samples available in Hobart and these should

be suffi.cient to run pilot tests on a series of cores.

(4) SUbmerged pontoon fQundations.

The possibility of founding this section of the bridge

on partly buoyant rafts is an engineering rather than a geological

problem.

economic.

It is theoretically possible but mayor tllGY not be
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TASMAN BRIDGE - GEOLOGY

APPENDIX No.1

The 1962 boreholes at piers 2 and 3 provide

some important new information (the geological interpretation

has had to be based on data ~rom the existing li~t span which

is 400 ~t. away) and show that ~oundation conditions are worse

than anticipated. The position and slope o~ the sur~ace o~ the

dolerite bedrock can now be located rairly well between the

western abutment and pier 4; it is ~latter and a little rurther

• west than suggested on ~ig. 3 o~ the report and consequently the

depth to dolerite basement is a little greater than expected.

The dolerite basement at piers 2 and 3 slcpes at approximately

220
• This is as steep as the steepest slope on dolerite at the

eastern end o~ the bridge;

at pier 20 about 22° and at

Pier 2

the slope at pier 21 is about 100
,

opier 19 about 22 •

The occurrence o~ 46 ~t. o~ gravel was not

expected from the information available in 1961 and it was considered

.~ that point-load bearing piles could be based at between -75 ~t. and

-100 ~t. It would now appear that piles must be based in dolerite

at between -100 and -120 ~t.

The section at pier 2 appears to be as follows

(from an average of b,reholes 2-1 and 2-2 o~ the 1962 series) :

0 to -36 ft. water )

-36 to -38 ft. mud l-38 to -52 ~t. sandy' clay Recent
-52 to -93 n. gravel

-93 to 00104 ~t. dolerite ( weathered)
-104 ft. to depth dolerite (probably sOund).



289027
- 2 -

Oonditions are expeoted to be oomparable with

those at pier 19 and as difficUlty was met in placing this pier

it might be worth considering the possibility of akin friction holes

in the 30 to 40 ft. of gravel at between -50 and -90 ft.

Pier 3

The new position of the buried dolerite surfaoe
IS

increases the depths predicted on p. ~. An average of the new

drill holes 3-1, 3-2 and 3-3 suggests the following section:

0 to -41 ft. water

-41 to -55 ft. mud )

-55 to -75 ft. sandy clay

~
Recent

-75 to -86 ft. gravel
-86 to -146 ft. clay• -146 to -170 ft. dolerite (weathered)

-170 ft. to depth dolerite (sound '1 )

It woUld appear that if point-load bearing piles

are used at pier 3 it may be necessary to penetrate to at least

-170 ft. The driller's log indicates dolerite at -140 ft. but

the depth of weathering appears to be great.

This pier may be even more diffioUlt to construct

than pier 18 because although the depths are comparable, the dolerite

surfaoe at pier 3 has the additional complication of sloping at 22°•• ~ier 9

The Resident Engineer's letter of 30.1.62 ~eried

the information from a borehole designated 2a. at pier 9. Samples

are available of a borehole from the 1958-1959 series labelled 2a. at

ohainage 2114 ft. near pier 9. Borehole No. 3 of this series was

also at pier 9 but at chainage 2109 ft.

Borehole No.3 (dated 26.8.59) is represented by

percussion drill sam@les in jars at the P.W.D. The samples range

from -102 ft. to -145~t. and include gravel samples between -143 and

-145 ft. A brown clay at -145 ft. has been interpreted by the

driller as weathered basalt.
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•

•

The 1962 drill holes at pier 9 met what was

logged by the driller as "decomposed (clayey) basalt" at depths

of -137 to -159 ft. in 9/3

-145 to -169 ft. in 9/2

-170 to -176 ft. in 9/1

It is unfortunate that samples were not retained

as we have only the driller's opinion of the percussion drill

samples. Comparison with the percussion and diamond'drill

samples from 2a. (1958-1959 series) shows that the driller's log

was not reliable on that hole. In hole 2a. the samples taken

at -155.3 ft. and -167 ft. were logged by the driller as basalt

but are actually part of a gravel composed of angular and

rounded basalt pebbles. Diamond drill core is available between

-182 and -223 ft. for hole 2a. and the first certain basalt is

at -182 ft. As gravel was present at -167 ft. and diamond drill

core was not recovered until -182 ft. it was assumed that the

material between -143 ft. and -182 ft. was probably basaltic gravel,_

Even if much of it is basalt, the degree of weathering or

alteration is apparently so high as to make its bearing oapacity

suspect above a depth of -182 ft •

As mentioned on p. 4 of the report, a basaltic

brecoia occurs between -224 and -253 ft. at pier 8 but this

brece1a was logged by the driller as basalt. In view of this I

am uncertain as to the reliability of the results of the 1962

drill holes at pier 9.

Maximum and minimum values for the surface of

the basalt in the various holes near pier 9 are as follows:



Borehole Maximum Minimum
No.-
2 a. -182 ft. "'167 ft.

3 - -143 ft.

9/1 -176 ft. -170 ft.

9/2 ...169 ft. -145 ft.

A'

Series

1958·1959

19'8"1959

1962

1962

1962

ghainage

2114

2109

2149

2114

50' N.of C.L.

2114

50' S.of C.L.

-4-

9/3 -159 ft.

28902S

-137 ft.

The data available are not sufficiently exact

to make accurate predictions at this pier. It may be possible

to base point-load bearing piles in the weathered basaltic material

• between -145 ft. and about -170 ft. but it may be necessary to

penetrate to -180 or -190 ft. (even at depths of -190 to -227 ft.

the basalt is weathered).

Alan Spry;
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WERIJI REPORl' ON T!lE P'OW!DAT10lfS OLm

WOPa3ED NE'.V BRIDGE ACROSS THE DERWENT RIVER

0'3
~.

BY

fiOl!:ISSQR s. WARRM CAm.

~a

The proposal is to build a new bridge across the

River Derwent at Hobart to replace the existing concrete

pontoon bridge. It 18 proposed that the centreline 01' the

•• !Jridge should be along the chord or the exiating pontoon

are, the existing liftspan to become part of the new bridge.

Exploratory borin,ga (pe1"CUSsion through the superficial

s11ts and diamo%ld dr111 through the underlying rook) have been

carried out between June and October 1954. The logs of this

drilling are recorded in a report by Mr. Jlc~rcher, the

engineer Buperv1sing the drilling. The samples collected

during this dr1l1ing are ncw being studied. This report

is wr1tten prior to the completion of the study of the samples.

t. further report giving details of the nDeralogy, palaeontology

and correlation of these aam;les and the state of.' o:dda.Uon

revealed by them, will be presented in due course. However

information immediately available places fairly clear limits

on foundation co%lditions so that this interim report may

permit design investigations to proceed in advance of the

detailed geologico.l report.

A profile section of the bores with vertical scale

exaggera ted 10 times and Ii profile geological section wi th

both vertical and horizontal scales 200 feet to the inch

are submitted herewith. The latter section i6 drawn through

the line of borings on the chord of the exis ting bridge and

then along the centre line of the existing lirtspan and

approaches. The section therefore is alCilng the centre l11le

or the new bridge as at present proposed.

1
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Tbe De.....nt Valle7 i8 a Yalle7 of structural or1gin,

4atlng back to an epoch of intense epeirogenic !'aulting in

early 'l'ertlal'y t1lle8 perhaps SO million 78al'S ago. The taultins

resulted in detp 181"1'0\7 freshwater lakes which filled up with

kaolinitic cla:ya aDd c1a~7 saJl48toDeh These tel'tiary lake

sediments wore .ub~ected to adVanced d1ssection before basalt

flows poured down tbe valley filling it up to a depth of sOll\e

huDdl'eds of teet. These tl0W8 were in turn deeply e1'Oded.

In Pleistocene t1llles the whole oGast11J1l1 was d1"Ownad to deptlla

exceeding 200 feet so that at this stage the DeJ:'ftnt at Hobal't

had over 200 feet or watel' in it. Upwards or 100 feet of silt aDd

IllI1d have SiDOe accwauJ.ated, but the l'ivel' is stlll almost 100 feet

deep at the p1"O}lClBed bl'idge line. AU the foregoing events shoW

up in the bor1DSs SIld each has an effect on the engineering

possibilities of' the crossing.

m:W«lA«t~·

The pre-'l'8rtis1?l bedrock sUl'faoe i8 the old ~Dd sUl'face

as it eXisted prior to the ear17 Tertia1?l faulting. FoUl' m11ea

IilOUth-west ot the bl'1dge, th1s sUl'f'ace would IlOIf be 5,000 feet

aboye sea leve1, but 1 t drops down rapidly on a series of raul ta

unt1l it is JlSar sea level at the south abutment of the bridge

aDd II\Ore tban 200 feet below sea level in tbit centre ot the l"iver.

'l'he pre-'l'8rUary bedrock has been reached in bores

320 am 2800 aDd in the excavatlollS tor the foundations of the

outer pier of the liftspan, but nom of the intermediate bol'eS

are deep enough to reach it although bol'S 2300 may have been

~t about to enter it when dl'lll1ng had to be suspended owing

to (lallage to the casing.

Whereas it would have been useful geologically to bave

pushed all bores down to reach the pre-'r8l'tiary bed%'Ock,it was olear

tba t adequa te touJ:ldationa oould be got on the Tertiary %'Oeks eo

the add1t1oual expenae did not appear to be W!W1"Qnted. Should

a tunnel be oonteap1ated as has been p%'Oposed by Hobart Cit7

Council this information would be useful, if not essential, but
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1a that event the 08J&tl'e 1111e would almost certain17 be Marly a

III1le dOWDB trealll 1'1"oIIl the pNSent borings, BO the 1Dt01"ll¥l tion would

need to be .sougbt there.

All. exposures of the pre-Tertlary rooks in the bridge;.

appl'09.cbes, the ll1'tspan f'oundat1oDS and in bores ,320 and 2800

cODiisted of dolerite. It is quite posslble tbat only dolerite

oocurs within tb1a sectlon. However, the presence of some of

the assoc1ated aed1menta17 rocks is not unl1ks13. In that

event, the sed1Mnts oODoe1"lled would probably be low ln the

Triass1c and would comist of' quartz sandatOile or shales.

'I'be dol.erite when fresh ls a very strong hard rock of

excellent eng1l1eering qualities. However, it 1s chemloally

UIIe table aDd hence 1s sub ject to deep wea thering wherever 1t

is shattered by even minor faul.t8. Bore 2800 revealed that the

dolerite there 1s badly traotured with SlicDDS1des, and it is

clear that there ls a f'aul.t Marby. On these grounds and on

lII¥ gelleNl kDowledge of the atructure of the valley I would

expect that even deep within the dolerite there would be zones

of advanced weatherlng and poor bearlng strength. If' it were

proposed to seat the concentrated loads of pier foundatioDS

directly on the doler1te, suoh weathered zones would be a hazard

to be diligently traolaitd down. However, with t'O\mdations ln the

overly1ng Tertia17 Rocks, 'the loads would be sut1'101sntly

distributed be1"ore the base_nt was reae-hed, so that such deeply

wea thered ZOD88 alil may exis t 1n the dolorite basement no l.onger

CODSt1tute a hazard.

Tbese were at only in bONa 2800 aDd 2}OO, about

100 ft. th10kDees 1n each. These lake sed1ments accumulated

because the early Tertiary faul. ting wh1ah brought the Derwent

valley into beiD& did DOt produce a simple trough sloping seawal"d,

but rathe1" a quite oomplex rUt valley, with several steps down

to the t1"OU(#I., til.ted usually south-weatwards, frequent platfol'lll ­

1.1ke horsts Within the gelleral down-:raul.ted ZOIle and many JIllrrow



f 289039
.. f,

•

•

-4-
deep depresslo_ Which 1'l11e4 up wlth water aDi be__ lakes.

There are sediMnta17 rellQ1llb,ta of several such lakes alOng

the GOUl'll. 01' the De1'W8nt River. The bottOJllS of some of

theae la_a went below the thon sea-level but 'the;r had barrler

r1Ills above sea level. "rhe bottom 01' the ID.1Ce at the bridge

1111" exteJded down at least to 250 feet below present sea level,

but th1B was proJ)abl;r above the then sea-level. 1lbe topwater

lew1 of the lake ..0 at least 100 feet above present oea­

level,alld probabl;r BOMtbing 11. 400 feet above the Tertia17

sea-level,

The s.d1Mnta w.b1ch accumulated ln th1s lake were

derived b'aIIl the upf'aulted blOOD. Prior the f'aulUng, Tasmania

as a region of subdued relief li_ IllUch 01' South Australia

today. The aur1'aoe was sandy, but deep chemical wea}lihe1"1ng

througbout the Oretaceous period had produoed a deep leaabed

aJld 1'ull;r oxl41sed lIlO_ overl;rlng the bedrock. Heme the

aed1Mnta which washed lnto the lakes contalmd a good deal

01' sand togetlller with a lOt of kaolinitio c~. Hence these

lall8 sed1Mnta COJlS1st 01' cream to yellow to but't'''''OOlOured

aaJld;r clQs alld aaJlds all well oxld1sed. Thls distinguished

them sharpl;r 1'1"011 the oV8rlyiDgquate:rml'y a11ta which were

deposl ttll4 In a strongl;r reduciDg liDV1roment.

'!'be Tertial7 lall8 sediM.tII contain IIIIlDl' plant rellaiDs

aDd elsewhere In TUIIf1n1a there are often seams 01' lignite.

The blue-gre;r colour 01' some of these sand,}' 01.qs as recorded

in the bore 10gB 1s presUlllabl;r due to suoh organic lIIlltter.

These sed111ents were orig11l1lll;r covered at least up to

preoltnt sea-level. aDd perhapa 100 feet higher by sed1llents alld

1ater b;r basut. Hence they show a degree of pre-compression

and are stiff to polllttrate. They would develop cOJlSlderable

skin friction to pllae alii woul.d sat1s1'actoril;r car17 a bridge

fOUDl1a tion provided the load was adequa tel;r spread. I think a

pile 1IIt8t would be better than a caisson though 11' II01"e concen­

trated loads were coatelllPlated, tr1axial streD£lth tests on

uJldistun,bed samples should be undertaken.



.I 289()LI0 "

•

tw;t6iI .WJ.§I

1I'o1low1Dg the fiUiDg of the lakes with sediments,

the JlICIl'lIaJ. procea.es of erosion wore gaX- in the seaward

barrlera of the lakes am al10wed the new17 4eposi ted lake

sediments to be eroded. Once the barriere were re4uced the

erosion of the new sediments was very rapid with steep-walled

"bad-lams" type of valley. At the site of the proposed bridge

IIIOSt of the lam sediments were removed, form1Dg a new valley

down to below RL-210 (since the then sea-level was somethiDg

11m RL-300. The eastern wall of the valley was stripped clean

of lab sediments to the pre-Tert1ary dolel"ite whereas a substantial I

Ila8S of the lam sediments were left on the west side 01: the

valley (between D am E in bores 2800 am 2300). The proflle

D.D.D. represents the floor of the valley at this stage.

Basalts were :now extruded. They pOUNd down the

valley in a sucoession of 1:10W8, 8::lch ODS 1:illing the bottom 01:

the valley, until a thiokness of 300 feet or more accumulated,

bringing the valley :f.'lOOl" above present sea-level. The basalts

now appear in bores 1800,1300 and 800, as a s1Dgle mass of basalt.

But it is clear that a sucoession of flows is involved JlICI doubt

separated fl'Om each othel" by teNl, hUDdreds or thousaJlds 01: yeare

• 01: quiescence. ElseWhere in the Derwent Valley the sur1'aces

01: iniivldual 1"lows were weathered to 80il, am forests 01: large

tl'ee8 grew on them, before the fores ts were killed am buried by

thick showers of volcanic ash and soo1"1a which preceded the next

flow. ~e fossil forest trees now silicified and opalised still

stand upright in the ash whioh overwhelmed them.

When the basalts extl'USioNl were final17 over, erosion

regail18d the ascendancy and a DeW deep valley was e1"Oded in the

basalt, again to well below sea-level. The prol"ile 0.0.0. in

the seotion indicatea the 10IIfes t 11m1ta of this valley, which

bore 1300 proves to have extemed down to at least RL-177.

The deepest pal"t of the valley might be as low as

RU-1g0, between bores 600 am 1300.
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The basalt when fresh is a hard rock, closely fractured

by irregular contraction joiLntsJ much of it is ve~ amygdaloidal •

. Interredded with it are scoriaceous am agglomeratie layers as well

as surfaces of contem],)OIl!l1l.e.ous weatherillih Tne weathered zones

tend to be disposed as i'lat or rear fla t sheets, not along 's teep

fissures or fault zones ss in the dolerite because the faulting

was over be60re the extrusion of the basalts.
\'H

. I

Where proved in the bores, the basalt would be an

adequate foundation for the bridge, preferably with a pile nest-.

This would allow any pile which found a more weathered zqne to

be driven turthe~. whereas a caisson might ride on a hard

projection with consequent high local loadings in the caisson

rim am basalt which might lead to subseq\:lent settlement.

THE qUATERNARY GRAVELS:

Overlying the erosion profile C.C.C. cut in basalh

Tertiary lake sediments, or pre-trertia~ basement according to

locations, each bore f'ound a 1ayer of gravel which var1.es f'rom

5 to rearly 20 feet thick. A1though this gravel appears on

the profile section as a continuous layer, th1S is almost

ceI'tainly an over-simplifiestion. It probably consists of'

a number of lenses \'{hieh accumulated during the drown1ng of'

the valley. The drowning was not a single catastrophic act,

but a progressive advance of' the sea onto the lam which was

spread over a thousand years or more - general c'l1DlU1ative rising

of' the sea, interrupted no doubt by occasioml reveraals when the

sea-level was tempD~rily stationary or actually receded somewhat.

At each stage and leve1 Of the sea on the way up there was time

for storm waves to develop a beach shingle, \'ihlch now appears

as this zone of gravel. The gravels probably would in most

places of'fer adequate bearing for heavily laden piles especially

as Vie can be certain that there is no underlying stratum subject

to umue settlement or slippage.

THE QUATERNARY SILTS:

The QUaternary. silts mve accumulated with the present

high sea leve1. They show little variation and have been

dapos1ted in a reducing environment. They should not cause
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rapid deter10ra tion of steel. The¥ are no1'lllB.ll¥ loaded and

couJ.d not CIl1'I7 aD¥ ~oad without serious settlement. Piles or

caissons wouJ.d have to be oarried right through them. The

maxiJllUlll thiC1aleS8 measured is 80 1"eet in bore 1800. The

maximum depth below sea leve~ measured is RL-159 teet in bore

1300, aDd there is no reason to expect their base to extend

below RL-170 feet at an3' point 01' the seotion.

Provided thesecaissoJlS, the latter to be seated in the silts.•

lJI2WlIWAlt...W.N:US 01 BlUWi W!iSI~.

Each abutment contai:na ,ood dol.erite widely exposed

in good condition so aIW design based on a 1"ree span of the

• Whole waterwa7, such as a single span arch or suspenaion would

present no foundation dl1"fioulties. However, this wo~ be a

l"i1"l1t o1'der engineering structure and the cost wou~d necessarily

exclude it on foreseeable conditioJlS.

AIW pieroed structure clearly dem'lms that the piles

or piel'S be taken down at least to the base of the QUa ternary

silt (B.B.B. in the prol'iles), that is to RL.... 70. In order

to minimise the cost of Bu:perstI"l1oture, the consultant Enginee1"l1,

Messrs. Maunsell, Post'ord and Pavey, have suggested using closely

spaoed p1el'S consisting of light ,teel pins driven through light

plJlS are driven to re.t'usal into the gravels belo\v the silts there

is no geological ob~eetion to this scheme. However, the depth of

110rmally loaded silts DOW disclosed taken with the depth of:l1'ee

water Qlrea~ known Illlly quality the transverse stability 01" the

struoture, aDd also Illllke the cost of the long piera prohibitive

for the ahort apa.ns. However. these are engimering questions

and can proper17 be :left to the designers.

Conside1"ing mora conventional founda tiona I would

regard a oluster of pll.ea more suitable to the oor.ditiona here

than oaisaoJlS. I do not have sIW doubt about the adequacy

of the gravels am the rocks immediately under them.
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But t.he:N 18 !l aood deal of' local variation both in grovels

themselves and in the UDlerlying rocks. The inl1vidual piles

of a cl'\l8tezo are lIIIloh more adaptable to accommodating the loads

to such local nriat10ns than the larger caisson units.

Howevel' should there be suf'fi01ent othel' reasons fol' preferring

caissons, I have no doubt that with pzooper care in the seating

of' them, they oou1d be sat1s1'aotorily used.

smmi EI.QSlICM..lj\ZARD§ J

Ot.hel' geological h.azal'lls such as flood loads, current

scour, taunam111 or seismic M.sk, to 0118 or more 01' whioh man:?"

other br1dges SI'lt subject, do not appear to be impo»tant in the

• case of the Hobart B1"1dae.

~J

Taking account of' the foundation conditions only,

am assumins that a single span arch or suspension is eliminated

b.,- cost, I QotlSider that a multispe.n bridge oorm on cluateI'S of

piles driven to re1'uSal into the gravel zone which unlerl1es the

QUaternary Silts, is the re.tural solution to the coniitions found •

•
(Signed) S. Warren Carey, D.Sc.

Geological Consultant.
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APPENDIX II; INr}.RIM REPORT ON m
PALAEONTOLOGY OF THE 1954 HOBART,

BRIDGE BORES~

BY' Edmuni D. Gill; Curator of Fossils,

National Museum of Victoria.

Introduction

This report outl1ms the fossils found so far,
and other l'elevant evidence from the boring recorda, t!len puts
forward some interpretationa and makes some recommenda tiona.
It should be emphasiZed that this is only a progress report,
provided as arranged on 10rk dore till the end of' )larch 1955.

Palaeontological Evidence

1. DIATOf,m. From Bore 1800, R.L. -921-25 feet, Mr. B. Tiniale
....._~ ..

f'ound the following diatoms;

Actino~chussenariUSval'.
A. \Uii4£us val'.
AUiiscus caieatus
A. scUi~
B!AdUl~reticulata
Biddul ia s .'1

am scus daemelianus
• e ens $,

C. hOd omi
macos en1a, m.omli era

oecone S SC1l e um
Coscinodlscus rad1atus
C. excentrlcus
C. sp.
c. SP.
Cymbella gastroides

C. Sll?
EPlthemia sibbularia
E. tuX'slda
ll:u odlscus s.'1
GOmonem a ntricatum
Grammato 'era mace en a

vicu aspel'll
N. boiiibus?
M. brasUienais
N. i!Wi'l!la?
N. yra
N. smH.hl1
M. yarrenais
RltzeCbla trlbionella
it. sp.?
N. sp.?
Pleurosip estuarr11
P. formosum'1
Pia~iOlmlmma ~chellum
RhadonemIo. aYattcum
Surlrella fastuosa

1 •
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The prise are due to epea1llleu being broken am eo not

determ1Dable with certainty, or to Ilecosaa1'7 :DOt being

available at the moment. The fo1"llle1' problem ~ be solved

b;V 1Urt.ber invest1gution, aDd the second will be soon.

The s1SD1ficance of this :flora is brought out by the

diagram tbat colllll1tutes text-figure I, a method devised

by the writer for "reading" diatom floras at a glance

(see Mem. lfat. Mus. Kelb. 18,pp. 144-145). The nora is

detiD1te17 lIIarille. The two :f'reehwatel' species are

• represented onl;v by one spec1mltn each, am were probab17

washed in. There is a small but def'in1 tEl braekish

element prollab17 washed down from the higher 1"8acrMS of the

estua1'7. Diatomsare gooo eoological ind::'catoX'S, am the

rich :t'lora from this 6ite DOrt1'l1;vB the facies quite acourate131.

Sponge spiculss were plentif'ul. in this sample.

small pieces 01' wood were noted as follows:-

•
Bore 1.300, 14L. -160.25'

Bore 2133, R.I.. -1.}6.5'

In gravel formation,
as ehown in plan 11D.

Do•

Do. at bottom of siU
forllla tion.

Minute plant 1'1'llgments were :DOted when washing up BClIIle other

samples, am it is pertinent to :DOte the presence of these

in the "'1'ertlo.17 sediments", e.g. n t 225 ft. in bore 2,300.

The boring records mention a "13_11 piece 01' soft black coal"

at 188.8 ft. in this bore, but I do not appeal" to have a

sample of it•

.3. ~. Dr. Cookson has a series of samples to exam1ns

for foseil pollen, am I expect to receive her

report ahortl;v after easter.
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4. HyStriehosphaerideae~ Dr. Cookson. has ~cent1ymade a

, -'.".,

special study of th,eae fossils in Paris. and wnl do these

from Hobart a t the same time as the pollen.

S. .OSTRACOl>p,. Mrs. Betty Kellett Nadeau has examined a

series of'. same and named the o6tradocs~ ani! alao some

forami11ifera.

6. .FORM.!~N!.F:.Ega. 111',. A.C. ColUns has agreed to do these,.

but has to finish some other woZ'.k first •.

7. RADIOLARIA. Ilr. Tilldale reqently. noted some radiolaria

in a diatom spread. As far as I am aware, these are the

first Qua ternary ones to be noted in Australia. and I have

aaksd Dr", Riedel, who is a specialist in this group, to

examine them.

8.. ~NGES. have been recognised. by their spicules ..

9. ECijlNOIDf:} have been recognised by their s.pims.

10. MOLLUSCA . TIle shells are too broken up 1n the small

samples sent to enable the molluscan :t'aU$ to be s1;1ildied

adequately aM hence larger samples were requested. When

these come to hand., 'they Will be worked over. However,

the sample fl'om 54.15 ft. in bore 320 Was exam1md. Small

shells of .Vener1cardia bimacumta chionem cardio1des

and numerous fragments of .Peoten were recognised.

The fOUl>wirJg 6 tudy of .Bore 2;300 lllost1.y done by

Mrs., NadeaU,. p~oVides interesting ecological 1nf'ormation

wh.1~ fits, in very well \1i th wha t one \vould expect from the

eus ta tic intel'pre tation of the eed1!))en'tat1on~

Dia toms common.
Ostracods repl'esented by· several species)'
mostly small. Cythere· aDd Macrocypris
present., .
Foraminiferai Many B imina of one species •.
A few E1l&isium, sinal nueloeuline.
~ena and Nonion.T ubiquitous estuarine species Rotalis
beccari1 present, but few in number. Man;v
aremceous forms i:ncludill8 a large
Pl'oteonim.
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R.L. -135 ft.

\ '\\
Diatoms - few
Ostracods - as 63.25 ft.
Foraminifera - Rotal1a beccar11 ablUldant,
i.e. brackish element more prominent.
Many Elphidium (marine). Aremceous
formS rare. Two specimens of lal'ge
QUi~lOCuJ.ins artl t 10 of Uassilina.
Bul-rra present, but whereas at 63:25 ft.
the iast chambers flere smooth am rounded,
these lack the rounded chambers. The
lower edges of the chambers have fine
spines,

Iamel1ibranchiata - shall crystals abundant.
Echinodermata - present.

R.L. -97.75 ft, Diatoms - abundant. Also ablUldant in
sample from 92.25 ft. in Bore 1800.
Ostracods common am mostly large species.
Foraminifera rarer. EIPhidium present,
and BuJ.1mim rare, appearing alSo to vary
in proportions from those higher in the
bore.

R.L.-116.25 ft. Diatoms abuildant.
Ostracods as at 97.25 ft.
Foraminifera mostly Ro~lia beccarli
showing a marked estuarine ecology.
Matrix coarser.

In process of study. Rota1ia beccar11
prominent so estuarine. Also 60me marine
f'01'JllS am ostracods.

Text-figure 2 sets out diagrammatically some of' the

ecological interpretations to be placed on B6re 2300.

In the silt formation (from 119.5 ft. up) there is

palaeontological evidence of a transgressing sea in

that there is change in ecolo&V frOm below up f'rom

estuarine to more marine conditions. This is interpreted

Oldes t 4 basalt

as being a !'unction of' the Flandrian Transgression, an

event for v/hich there is evidence all over the wor14. and

which has been checked in time by radiocarbon analyses.

Bideme from Bore Records ,

The bores reveal a deepchanrel in dolerite int"illed

with:

~
Order of these two
f'orma tions is not

3 sediments of' ? Tertiary age proved by the bores.
2 CQ9.ree sediments - "GravelIt.

1 a stiff cla)', silt, sandy clay etc.
Span Pier 89.5 - 96 ft.
Bore 2750 95 - 105ft.

2300 119.5 - 141 ft.
2133 136 - 158 ft. probably
1800 absent
1300 absent
800 absent
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550 U3.75 - 18l.50.

Youngest 1 B silt abO'ftlI a.

Whe the1" 1a is a 41ffe1"8nt 1"o1"lllation :f'1"OlIl 1b or that

r

these are two 1B8JIb1lll:'S 01" ODe f'OI'lIIa tion cannot be dlllte1"lll1ned

1"01' sure trom tlw "T1denoe anllab1e. In the Yal"l'a Delta the

1"01lowing thfte f'Orma tloDe can be 1"8ad1l¥ dis t1ngu1ahed

l1gholog1call;ri

3. A dark unoxjdjsed. silt d.eposited d.'l11"1ng the Flnnd1"ian
traDSgrnsloa a8 8.bown b~ geolog alll1 014 dating.

2. An UDderlyiDg ox1d1ae4 st11"1" o~ (i.e. Il101"8 OODlpaot,
more water ul'1"8ssed. am ox1d1sed duI'1ng lIa~to sustatic
low sea-leTel).

•

1• UJ¥lerlylng 2 18 11 1"o1'lllll tion 01" graTel.

It lIIa¥ b!l that these 1"ormatiODe can be paralleled by

• 2,1. and ib l"rODI the above l1st 01" deposits in the Derwent delta.

'!'he bores do not prove the relati'9'8 ages 01"

rormatiolB 4 aDd 3 1n the Derwent Delta. The side 01" the old

nllq wall between them :I.e steep, 1Ilb1ch13ver way it tuoes. Plan

11D shows the eastern wall 01" the later P1eistoce. yalle~ :18

steeper on the east than on the west, but this eould be d.l'aWll

d1rrerently l"rom the sa. eT14e_e. In Pleiatoce. t1Jlles the

Yalle~ was 1"ail"ly sYJlllll8trical 1n cJ'08s-aecUon, the deepest part

being about the middle 01" the stream, wh81"eas at present the riTer

is 4e1lP8r on the east side than on the west. The deep PleisteceDe

Valley 18 probably a .1."\mation 01" eustatic cba 1180 01" sea-level.

SUch vallsya haT. besn obBerved in I19ZW places in Australia

(1JlCludlDg places on stable cratoll8), aDd in otber parts of the

"01'14. The worldwidfl retreat or the sea in Mankato tiMs Clllused

dflep dowIMJutting ~ st1"enlB dobouch1ng into the sea. Deposits

now below sea-level were ox1d1aed. alJd then dUring the FlaJJ4rian

Tl'aJlSgreaaion the va1leya so cut were largely inrtlled with

unox1d1sed silts. Resting on the basalt are coarae seUiillents

which _y well represent the hst rlowlng river in a time 01" mariDe

~~at-... JI'o t'08alls haw been fOUD1 in t.h1s formation by 1Ilb1ch

it can be dated. but such scraps as there Q1"8 auggeat a fluviatile

setting.
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In bo1'ell 'I:SOO aDd .. 800 the thalweg of toM 'rManJ!:ato

Valle7 can be seen to be of the order o~ 150 feet. A similar

Talle7 in the Yarra Delta, )lelbOUl"Jle, in1'1lled nth unox1diae4

marUle sed~t8 has been shown to be of )lanJ!:ato age. It bas

been traced b7 bores to over 100ft. below sea-level., but haa

not been followed f'Ur'ther becsuae It goes b87cmd the area in

which the hlbClUrD8 Harbor Trust ia Interested. HOIvever, the

aublla1"U8 9Bop~ 01' Port :Ehilllp suggesta it was affected

b7 the laat retreat 01' the aea, aDd Jteble piokecl up a 25 f'athOll

(t50 rt.) outlet in Baas Strait. otf the western District of

Victoria. I have 1"eoognised in the AdJIl1ralt7 Charts a submarine

platt'ol'lll at 150 1't. A retreat of the sea of this ol"4er wOl1:Jd,

CODll8ct Taslllan1a with the lllalnla:n4. also lauga1'OO IslaDd a:n4

lIew Oulnea. In this oOJlD1lction l't would be ve1'7 helpful to

1alaw whether tblI :foSeil. vaUe7 f'1oor in the Derwent at 150 rt.

is malntai_d hI" a%J¥ distance. Are there B%J¥ bores that

could throw 11ght on this lII!l.tter' see text-t'1gure 3.

ir ial'F'I£!Wtlom

~. • The onl¥ :foSsils fOUDi

after ca1let'ul search b7 two workers were IlIi.nGte scrape of

plant l'8IIa1_l.JIBufficisnt to lD110ate age. If toM1'8 were

aerate of led· cutiole or such 1'8lll!l.1113 1t might be possible

to get an idea of the age, but the Il1DUte;t)"aglR$~:IJ gave no

cl.ue. In bore 2300, sampl.ee from 225',244', 135' am 144 t

were examiDlild. As a l"Ule, the tlarsu-nt from abeeDCEl"

is a talleolO11s 0_, but in this case the abeeme of fossils

is co_tared significant in view of the 1009.tion of the

sed1llents. The7 11e in an estua1'1M cbaDDllll., aD4 11' sUCh

sEd1menta were _1'1_. one would expect to ~I!1d some fragllient

of SOlIe lt1Dl of aar1m f08811 in them.
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I OOD8Sde1" it sa:te to accept 1t as a wo1"k1~ b.7POthes18

that "se sed1llents a1"e freshwater. 11' tba7 are freshwater,

the,. oould be eitbar 1'J.uviatile or laCUBt1"1De. aDd either

QUaternu7 or Tertiary. :No auwer to thes. altel'rlati"l8s oaD

yet be given. ll'1"OIII the spreads used for t'ossll-hunt111g it

seOIl84 tbat the sort1Dg was different from the Quaterm17

beds. SOlI. o11'cullatantial evidenoe may thare1'o,... COlIle from

the lII1D8ralogiat., alt.b.oush even then there is the posaibll1t7

of re-eort1~.

Th. lIOlIt l1ke~ meaDS of solvl~ th1a pl'Oblelll would

be the exam1Datlon of the "soft blaok ooal" at 188.8 ft. 1n

Bore .2JQO 1'01" pollen. COuld I have a piece please'.

lOma11on 2•. 1\!!!!U. This is olGer than the gravel am

7OUD88r t.l1u the dolerite, but as alread7 stated it 1&

DOt known whetbeU,' it is o14er or 7OUDa8r than the "'rertia17"

sed1lllents on the evidence available.

!'or!at~9a 3. Slmvel. It -7 be algnifloant that the only

1'oa811& found in thi& f'ol'lllation are wood. This aDd the

oaplete aba.Dee so fal' of IIIl1l'iDS 1'oas1ls suggests a

1'1'sshwatel' origin for these sed1lll8nts. 'l'he7 may well have

been lald down b7 the Del"lVent dunllg B glac1 81 10lf sea-level•

'l'he,. a,... often ve17 coal"Be 1micat111g B faat ourrent ll'h1oh

18 in keeping with the flUViatile rather than Illariae origin,

in view of their locatlon. If eDOUSh Wood is available for

014aD817818, auoh an anal7s1a would date the 1'omat10n am

a1l$0 im1cate whethel' or not it were a per10d of glaoiallOW­

sea-level. In the .....t~ the wood is beiJag detel'lll1usd

on structure. I am enquiring :f'1"om ODS 01' the most p_aresslve

of the overseas 014 laboratortes to 1'im out on how llllall a

specimen a radiocarbon aDa~sis oan be made using the latest

_thods.



r
289051 "

-8-

lol'laUOn Ia. mi. 'l'h1e:ls de:tin1tely QUaterD!U7. Its

position. :tossile, aDd c:belll1cal ooDdition, as well as the

variation in facies from estuar111lil below to marine at the

top, show that it was deposited during the li'landrian

TransgMssion. Dia toms are good facies indica tors, aDd I

am arranging to get a series of noral analyses done 1'rom

below up so as to get a really detailed ecological profile.

iSOO1lllllepdations.

1. That the possibility ot" getting wood for C14 aD'alysis be

• i!lbes tiga ted.

2. That a large sample or better samples from different

levels containing shells be submitted so that the

mollusca can be studied adequately.

3. That a large sample of gravel be sublll1tted for working

ovel" in an effort to discovel" 1'oss1ls in this apparently

untoBsiliferous formation.

4. That a sample or the "soft black coal" f'1"o:ID 188.8 ft, in

Bo1"e 2300 be sublll1tted 1'01" pollen analysis•

•
EdJRund D. Gill

OUl"ator of' Fossils

Natioxal Kuseum of Victoria.

MelbOUl'lllil

Apl"ll 1st. 1955.
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