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GEOLOGICAL INVESTIGATION OF THE TASMAN BRIDGE
SITE.

N

Professor 8. Warren cérey and A. Spry.

INTRODUCTION.

This report was prepared in the first instance by
Spry who carried out the field investigstions and has been
modified in detail by Carey. Both Carey and Spry agree on the

final text.

The following geological work has been carried out:-

" -
-

';’!! A I Geological reconnaissance and surface mapping around the
site. 7

2. Examination of diamond drill cores and other samples from
39 holes drilled before construction and approximatély
12 holes drilled at the bases of the piers which have
been constructed.

3 Plotting, correlation and interpretations of all drill logs
and available information to determine the distribution
of materials acrogs the site. |

'g.!j;_ 4, Correlation of seismic data with samples and interpretation

P of the seismic profile. |

D Brief examination of the results of the mechanical analyses,
triaxial tests and compression tests on drill samples in
order to estimate the properties of the Tertisry clays

and sands,
The results are presented in three sections:-

" A factual sccount of the materials present at the site,

e 2. A geological interpretation of the evidence available
at the site and in adjacent.areas.

3. Prediction of conditions likely at each pier position

and recomuendations for further investigation.
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I MATERIALS PRESENT.

The materiasls at the bridge site consist of unconsol-
idated mud in a semi~liguid state, various unconsolidated and
semiconsolidated sands, clays and gravels, consclidabed rock and
crystalline rock of high tearing capacity, and weathered or

partizlly weathered forms of thsse,

Bedrock
Solid rock will he referred to here as bedrogk; it
should be noted that thé term "bedrock" is synonymous with Carey's
(1954) term "pre-Tertiary bedrock" but differs from the use in the
Beophysical 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 outerop on the bank or in bore holes, Other
consolidated old rocks (Permian or Triassic nudstones and sandstones
have not becn found at the site but might be expected at depth
bencath é 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 outerops strongly on both benks (see fig. 1)
has been found in bore cores and in the construction of piers 20
and z1. It ocecurs beneath silt or gravels on the sides of the
site between piers 0 and 4 (?) and between 18 and 21. A 195l drill

hole at chainage 2133 (north of pier 9) peretrated dolerite beneath

basslt.

- Degpite its great strength in the fresh condition

dolerite is not necessarily an ideal foundation material because

it is prone to weasther deeply. Carey (1954) stated that "cven 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 soft in others, The weathering extends
down and along joints leaving spheroidal boulders of comparatively
fresh rock in & mixture of clay and calcite or may ieave pinnacleas
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 may form
groups slong minor faults which cut through the dolerite. As a
result, one drill hole might show good sound dolerite right from
the surface wheress another a few feet away could meet weaethered
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 underlain
by rock (dolerite) with a seismic velocity of 15,000 ft,/sec.
between pier 19 and the eastern abutment. 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 gsophysical results,

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

20,000 ft./sec.; Jointing slone may reduce the velocity to about

13,000 ft./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 heen met in drill holes at the western
ghbutment and at piler 1 where it is covered by shallow water and a

thin layer of silt, sond and elay.

Basglt
The Tertiary basalt is a tough Black rock when fresh,

finer in grain that the dolerite and containing abundant vesicles

and amygdales up to 2" across containing calcite, clay and zeolites
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The Yasalt ieg inferior in strength to the dolerite hecause of the
presence of abundant vesicles or large amygdales filled with
caleite or clay. There are also numerous sub-horizontal seams
of calcite spaced about 2" apart, feathering of the hesalt is
legs irregular than that of the dolerite; shatter zones are not
known, and deeply weathered zones are uncomnon, Alteration to
massive clay (pfobably hydrothermel) is found in cores at piers

17 and 9.

i Basalt has been met at the site only in bore holes
which have revealed a sheet extending from piler ¢ to pier 17 with
an upper vesicular surface at between 155 and 165 feet below sea
devel, 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 i, 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 vesicular 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 drili hole at pier 8
(=22 to -253 ft.) is not basalt in situ as originally logyed, but
a peculisr kind of sediment composed of angular to well rounded and
water-worn fragments of bosalt in » tough brown sandy-clay matrix,
It'is‘unlike any sediment scen in Tasmnnic and its origin is
con jectural, It is not weathered, in situ bosalt, nor is it a
true volconie breccic; it is o post~busalt sediment composed of
basalt frogments showing small cmounts of transport and weathering.
Its bearing capacity would be inferior to fresh basalt but would be

considerable,

Sedimentary Formations

The sediments overlying bedrock may be divided into two

mein parts which can be further subdivided. The younger,
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unconsolidated part, will be referred to here as Recent silts,
gands and gravels and the older, tougher materisl will be referred

to as Tertiary sands, ¢lays and grovels, The terms “Recent" and

"Tertiary" moy not be strictly accurate in the stratigraphlic sense
{as discussed loter) but follow the terminclogy used in the earlier

geological report cond the geophysical report.

Recent 3ilts, Sands and Gravels:

The first layer to be met beneath the wester is generally
composed of soft mud but pgravel and unconsclidated sands and clays
are associated with it. The upper surface extends from between 0O
and ~155 ft, and the lower surface to -160 f£t. slthough the lower

limit is not always clear,

Between piers 11 and 17 black to brown silt occurs
with a thickness of about 90 ft. t 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 loyers, The orgsnic remainse indiczte a change
from estuarine conditions in the deeper part to marine conditions
in the shallower part. The base of the gilt rises stesdily to the
castern and western barnks where it thins, The upper surface is

smooth and is probzbly a surface of present-day deposition.

" Between piers 9 and 17 the silt is underlain by
unconsoclidated gravels resting on bedrock but nearer the bank, on
the western side, the 8ilt rests on sands and gravels then on older

sediments.

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

s
somewhat erbitrary, but ip indicated by the followings-

(1) ~ A seismic discontinuity between an upper layer with
velocities about 5,000 ft./sec. {Recent) and a lower
layer with velocities ranging from 6,000 to 7,450 ft./ssc.
(Tertiary), | |

(2) - a change in organic content from marine shell fragments

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

sediments.

These criteria were used to delineate the layer
shown in fig. 2. The lowest part consists of a discontinuous
layer of gravel (Quaternary gravel' of Cerey, 1954, p.7) composed
of water-worn fragments up to 2z" across of basalt, guartz,
dolerite and chalcedony end occasional shellsin a sandy or clay
matrix, Most of the shell fregmenis sre of mussels which at
present live close to the intertidal zore and suggest that the

gravel was deposited in very shallow ses weater.

The gravel is overlain directly by soft 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
etec. occurs hetween the gravel aond the silt. These reach a

thickness of 2t least .0 ft. at pier 7.

A general correlation of the seismic profile with the
base of the Recent silts, gravels etc. is possible; the basal
gravel occus close to the profile and withian the limit of tkhe
erruvr (15 to 20%) indicated in the geophysical report, The shallow
easterly dip of the seismic profile between piers 4 and 11 matches

the dip of the layers as correlsted petween the boreholes.

Ko compressibility tests were carrisd out on this
formation and the result.of only three triaxial tests are available:
(1) no. 8455, pier B, depth 72 ft.
(2) no, 6185, pier 18, depth 144,29 ft. to 145,29 ft.
(3) no. 6185, pier 18, depth t45.57 ft. to 146.57 ft.

These show low shear-strength materiais, not pre-
compressed but similar in some ways to the undsrlying Tertiary
sediments, The gravel hes not been tested hut the layer is thin
and is underlain by plrstic materisls; the possibility of using

this horizon e =z foundation is discussed later,

Tertiary Sediments:

A layer of betwsen zero and possibly more than 200 ft.
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of sandy c¢lays, clays, sands and gravels occurs batween piers
z and 9, The sediment is overlain by Recent silts ste. but its
base has not been penetrated in bores at piers 4, 5, 6, 7 and 8§ so

that its meximum thickness oand lower limit are not known.

The lowest known part of the formation {not necessarily the
base) is a gravel which reaches at least 20 ft, in thickness at
pier 6 and possibly 60 ft. at pier 8. The material is variable
it its'lithology; at pier 8 and 7 i1t is composed of basalt
fragments in a compact brown sand~clay matrix, at pier © 1t
contains water-worn and polished siall pebbles of guartz in a
clay or sand matrix, at pier 6 the pebbles are rough angular ones
of basalt at ~292 £t. but smell well rounded cones of guartz at -277
ft., at pier 5 it contains water-worn pebbles of gquartz etc. up
to 14" ascross in clay matrix, The gravel is overlain by a thick
mass of sand, c¢lay with minor pebbly, clayey, sandy or silty
horizons, This material is stiff and dense and tends to be grey,
with blue or greon tints in the deeper parts and yeliow or brown
tints in the upper parts, No marine fossils were found but carbepzoy
wood fragments occur in several drill holes (149 £+, and 242 ft.
at pier 7, 157 ft. at pier 8). Some of the sediments effloresce

and taste strongly of alum.

Mechanical analyses show that the stiff sandy clay
ig a poorly sorted mixture cof clay, silt and sand grades, The
results of some mechanical analyses from piers 4, 5 and & are
plotted in fig. 4. There are not sufficlient analyses to recognize
if there is any pattern present and it is not possible to correlaste
between the bore~holes. In gencral the naterial contains 30 ~ 45%

5ilt end is sandier with depth.

The physical properties are discussed in some detail in

a later section.

The possible presence of a separate layer at the top
of the Tertiary sediments is rccognized; it has somc properties in
common with both the Recent and Tertiary sediments, Its

characteristics are:-



oo e 289009

1. It occurs betwsen levels of -90 ft. and ~105 ft.
at pier 5, ~95 ft. and -120 ft. at pier 6, and
-120 ft., and -150 ft. at pier 7.

2 It is a fina, yellow clayey sand,

3a It may be of lower strength thén the normal
Tertiary materials. Sauples from between —120 £t.
and -150 £, at picer 7 are largely of unconsolidated

sand,

11, GEOLOGICAL INTERPRETATION.

There is not sufficlent evidence availatle at the
site itself to determine the relstions of the different materials
(dolerite, basalt, "Recent and "Tertiary" sediments) to each
other and it is necesszary tc use our knowledge of the geology of
the surrounding ares. Such interpretations are useful but must

be treated with caution.

Bedrock relsgtions.

The dolerite at the abutments ard in the drill holes
ig identical with and almost certainly continuous with the
dolerite which outecrops in the Domain to the west and Rosny Hill
on the east. The Domain.dolerite intrudes Triassic sediments and

the Rosny Hill dolerite intrudes Permian scdiments so that some
complexity of structure is to be expected beneath the river, but
as the dolerite is known to he itransgressive, nothing mors than
this is necesserily implied. The reletion between the Permisn
and Triasssic sediments at Risdon, two miles to the north is shown
in fig. 1. A fault zone with a throw of at least 40O 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 faulits may occur,

The relation between basalt, Permian sediment and
dolerite at Shore Street Point, LO00 ft. north of the site on the
east side is shown in fig. 1b. The dolerite riscs sharply through

the Permian, and the basalt rests on bedrock with no underlying
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Tertiary sediments, This st:ucture is probable on the eastern

side of the site,

The probable relation between dolerite, basalt, and
"tertiary (2)" sediments at Cornelian Bay, 6,000 £t. north of

the site on the western side is shown in fig. le.

(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 Relations.

The relations between the "Recent! and Tertiary®
sediments and the basalt have a considerable engineering signif-
icance e.g. if the "Recent" sediments are pre-hasaltic they will

have besn considerably precompressed whereas if they are post-
basaltic and Late Tertisry 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, freshwater
lakes in which were deposited many hundreds of feet of clays, sandy
clays, sands and cozsrse sediments. These sediments were at lcast
partly covered by later basaelts, 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 considerahie ercsion of the hasalt, Sediments containing
Cainozolc plant fossils occur up to 75 ft. sbove ses level at Moonsh,
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 bhetween these

is not known end they may be of different ages.

In Pleistocene times the whole comstline experienced

changes in sea level, During glacial periods the sea level was
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probably 100 £i., - 300 ft. lower than at present and during
interglacials wss at least 70 ft. above present sea level.
The Mary Ann Bay sandstone of Green (1960) at 40 £t. - 70 ft.
ahove sea level, together with platforms at this level slsewhere
indicates that sedimentation occurred up to 70 ft. above present
sea level 1in some places during the Plelistocene, The present
depth of fhe Derwent is due to Recent drowning of about 1OOIft,
but theré is evidence that the sea level was 300 ft. below the
present level during the late Pleistoccne. These changes in
sea level must have causcd some pre-sonsolidation effects on the
sediments e, g. high sea levels could produce sedimentation to
100 £t. or so above present sca level and thus place a load on
existing sediments; lowering of sea level could cause draining
end perhaps dessication of the sediments end increase their

strength,

The so-called "Tertiary'" sediments between piers.u and
§ fit into the known geological framework on the area in three
possible.places. The sediments could be (1) Tertiary and pre-
basaltic, (%) Post-basaltié and Tertiary, (3} Fost-basaltic

and Pleistocene.

Most of the known Tertisry sediments are pre-bacaltic
but if this wsre the case here, the sediments would have to have
besn deeply eroded and the basalt flow against a steep ¢liff of

soft sediment.

The evidence favours a post-basaltic =ge for the

sediments for the folldwing reasons: —

(a) ©No Tertiary lake sediments occur becneath the basalt
in bore hole 2133 nor on the shore just north of the bridge, nor
at Rose Bay, Geilston Bay, Risdon Vsle nor fokeby; in all of
thess places the volcanics rest on besement rock.

{(b) The sediments appesr to rest on the basalt at Cornelian
Bay. Similar sedinents rest on bssalt nesr Cadbury's factory
and no basalt is known to rest on them throughout Moonah and

Glenorchy.
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(¢) TFebbles of basclt are common in the sediments.  This
indicates that the sediments are later than some basalt, not
necessarily that at the bridge.

(d) A lzyer of coarse gravel contsining baselt fragments
dips away from the basalt and passes beneath the sediments at

plers 5, 6, 7 and &,

The eXact age of the basalt is not known but 2 post-
basaltié age for the sedimente could mean either late Tertisry
or Pleistocens, It is possible that the sediments were deposited
in a channcl cut to about -300 ft. during a Pleistocene glacial
period but this would imply that the existing channel of the
Derwent, cast of the Cornelian Bay cemetery, Risdon, ete. would
have been cut in the late Fleistocene, It is unlikely that the
sediments could be pleistiene =8 they appear to be lacustrine;
sedimentation during the Pleistocence in this location would be

expected to be marine,

The scdiments gt the bridge site 2nd at Cornelian
Bay resemble those at Pipe Cley Lagoon and Pittwater in their
lithology, leaf contens, oxidation, limonite concretion content
end known vertical range. They were possibly deposited in a
single loke, The clays at Pittwater have been eroded to about
~100 ft., and coversed with thick alluviuw, (late Pleistocenz ?)

which eppcars to be much younger.

The availsble evidence does not allow a distinction
vetween a late Tertiary snd an Early Plcistocene age. In either
casec the sediments at one stage méy have been lornded to at 1éast
75 £t, above present sea level and at another stage were drained
by a sea level as low as -160 ft. belcw sea level., Both of these
effects coﬁld be eXpected to have produced some preconsoiidation
in the sediments., If we takc 2 sample in the middle of the
"Tertiary" sediments i.e. at 200 ft, below sea lcvel at Pier 6,
it is at present overlain by about 120 fi. of Tertiary scdiment
(with a density of about 110 - 120 lbs., psr cubie ft.) Then by

gbout 30 ft. of saturated sanis and silts (with an everage
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density of sbout 80 1bs. per cubic ft.) then 50 ft. of water,
The effective load at present would be 3 tons per sqg. 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 tons per sq. Tt. Sedimentation to
75 ft. above see level without draining would give a Joad of 6
tons per sq. ft. and complete draining would have given a load
of 15 tons per sq. ft. The geological history indicates

preloading by between 3 and 15 tons per sq. ft.

It 1s possible to recognize the existence of pre-
compression and to measure its amount experimentally by sither

the triaxial shear tests or the volid-ratio test.

The trizsxial diagrams ere very irregular but indicate
a value cf 20 to 4O 1lbs. per sq. inch for previous loading, i.e.

1 to 2 tons per sqg. ft.

The void-ratic tests are also difficult to interpret
because of & lack of sharp curvature, They indicete that the
specimens have previously been loaded to between z and 7 tons
per sqg. ft. It is concluded that in the example chosen (200 ft,
_belaw sea level) a specimen is under an existing load of about
%5 tons per sq. ft. Precompression by as much as 15 tons per
sq. ft. is not impossible but physical tests do not favour precom=-
presgion by more than 4 additional tons per sg. ft. in the best

specimens and no precompression in most,

There is no rezl geological evidence indicating

appreciably nore precompres.ion thean is shown in the tests,

Geological c¢ross scetion

The drill hole and seismic date are summarized on
fig., 2 which utilizes sheet 11D/12 and the 1961 drill holes, No
attempt was made to completely re-log the holecs but sll availsble
specimens have been cxamined,  Fig. 3 shows what we considsr to
be the most likely interpretation with the Tertiary sediments
post-basaltic, The bedrock structurce given is only one of the

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

A series of profiles in fig., 5 inuicate the probable

topographic evolution of the valley.

~ Foundation Conditions

As considerable time has been spent on the inspection
of drill hole samples and the intsrpretation of drilllogs and
seismic data it may ve useful to indicate what conditions are
cxpected at eech one of the pier positions. The evidence is only
fragmentary and the following remarks must be taken only as a guide

to probable conditions.

111, FPOUNDATION CONDITIONS

West Abutment: -

Facts

(1) Water depth -~ 16 ft,

(2) Drill holes, 1$58/59 scries; D.H 5 chainage 3375,
25 ft. north of centre line; D.H. © 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 datas-

Refraction with 21,000 ft./sec. velocity at sbout -32+4 ft,

Interpretation
0 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. dolcrite, slighntly weathered along Jjoints.
~30 ft. massive, strong dolerite. Wieathered zones
are possible (particularly parallcl to the seismic
traverse) but a seiswmic velocity of 21,000 ft./sec.

indicates good rock,
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Eiag,No,'1.

Facts

(1) Water depth ~ 23 ft,

(2) Drill hole, 1958/59 series - B.H.7, chainage 3240.
Recent sand underlain by clay -23% ft. to =31 ft, Broken dolerite
31 ft. to 34.6 f£t,, slightly fractured to 43 ft.

(3) Seismic datas-

Refraction at -DO+7 ft., 18,000 f£t. per second.

Interpretation

0 to =23 ft. water

-23 ft. to 31 4. Recent sediments

«%] £t. to «35 ft. fractured aﬁd somewhat weathsred dolerite.
~%5 ft, dolerite, sound, but slightly weathered along
joints, No reasar to suspect that point-losd bearing piles
could not be based between 31 end 35 £%. but as indicated in
the discussion of dolerite on pages 2 and 3, sporadic and

unpredictable weathered zones are possible,

Pisr No. Z.
Pacts

(1) Water depth ~ 25 ft. (2}

(2) ©No drill hole data

(3) Seismic data: Refractor 11,000 ft./sec. at _70+10 ft,

(4) Information from castern 1ift span of existing bridge,
L4OO f£t, north. Regcent sediments to -90 ft., weathered dolerite
to -120 f't. then sound dolerite.

Interpretation:

0 to =-zbH t, water

-25 to =35 ft. soft mud )

~35 to -45 ft. sand and clays Recent

-45 to =560 ft, gravel

-50 to ~7b ft. broken and weathered dolerite,

~-75 ft. to depth dolerite improving

It may be considersble more difficult to place this pier
than piers 19, 20 and 21 which have already been constructed. It

1s possible however that the dolerite on the western side will be
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weathered more cvenly as well as more decply but it seems probable
that some tens of feet of weathered dolerite must be penctrated
to find = solid footing. It is reccommended that a diamond drill
hoie be located here to peunestrate to 100 £t. below sea level.

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

«f5 ft, to =100 £t. ~
Pier No, 3.
Pacts

(1) Water depth 35 ft,
(2) No drill hole data.
(3) Refractor, 9,000 fi./sec. at _80+12 ft.

Interpretation

Conditions are expected to be somewhat similar to pier 2 eXcept
¢ +to -35 ft. water

-35 to ~50 ft. soft mud

-50 to -65 ft, sands and clays Recent

-65 to -75 ft. gravel

=75 to <100 1t, either soft Tertisry clays and sands,

possibly with some gravel or aell weathered dolerite.

-100 to ~140 £t. weasthered dolerite,

-140 1. solid dolecrite.

The dolerite-sediment interface is cxpected to dip
tdwards the river at about 250. 1t is recommended that a di=zmond
drill hole be located here to penetrate'to ~-140 ft. or to solid
dolerite whichever is the deeper. The ﬂéﬁt that can be hoped is
to base point-load besring piles at =100 ft. but the depth may be
greater, One incerpretation which is consistent with the geoclogica
information is that the steecp slope of the dolerite near pier 3
is & fandt-line scarp of a graben located between piers 3 and 9.

This graben could be pre-basalt or partly botl. ;

Pier No, .

Facts
(1) water depth 45 f£t,
(2) Drill hole, 1958/59 series, D.H. 19, chainage 2814 ft.
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Depth -18) ft. no bedrock.

1984 series, D.H. chainage 2,800 ft. is QSO ft, north
(3) Seismic data:-
Discontinuity 7,000 ft./sec., at =-20x+1L f£t,
Interpretation
U to =45 ft, water
-5 to ~60 ft, soft mud
-60 to -~75 £t. soft sediments Recent
~75 to =85 ft, gravel
-85 to -175% £t, Tertiary clays and sands
-175% to -200% ft. gravel?
-200 7 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 1lift spaen, no driliing has been done here but it is

essential that more information be obtained in this section.

The dolerite bedrock is not 1ike.y to he net before
200+25 £+, and will probably be considerstly weathered. Difficultie:
will be experienced in plecing point-load bearing piles here and it
may be better to locate skin-friction piles in the Tertiary
sediments cr attempt consclidation of the gravels (see later),

If point-~load bearing piles are to be used it is recommended thsat
at least two and preferasbly three further diamend drill holes be

placed just to the cast 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.
Iiﬁ; IiQ- il
Facts
(1) Water depth 50 ft.
(2) DPrill holes no. & of 1958/5% series

no., 11 cf 1954/59 series is LO ft. east on

centre line.
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B.H., & went to -250 ft. and no. 11 to =290 ft. but neither
reached bpedrock. Correlation between the holes was good.

(3) ©Seismic deta:-

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

Interpretation

¢ to -5 ft., water

51 to 70 ft. soff black mud

70 to 77 £t. yellow sandy clay Recent

77 to 83 ft. coarse gravelly sand

The base of the Recent gravel probably coincides with the

seismic discontinuity.

8% to 140 £+, Tertiary sandy clay. Grey in colour but
opxidized to yellow in the upper parts, brown
in the lowsr and greenish a2t the bottom.
The driller's log indicates thst the layer
vecomes stiffer with depth from &3 to 190
but becomes softer below that, Recommend-~

ations for picers 4 - 8 are given later.

Pier No, 6.

Facts.

(1) Water depth 60 ft,

(2) Drill holes, 1961 series, B.H. 7; 30 ft. north of
centre line 5, B.H. 8; 30 ft. south of centre line is B.H. 9;
Lo £, west of B.H. 7 on cantre line is B.H. 10. Holes pcnetratad
to -295 t't., no bedrock found. Correlation between holes good,

(3) Seismic discontinuity, 5,906 ft./sec. at 98+15 ft,

Interpretagtion.

0 to -59 ft. water
f59 to -79 ft. sof't black mud
~79 to -85 ft. sandy clay Recent
- 85 to -90 f't. sandy gravel
~90 to =240 ft, stiff Tertiary sandy clay. This is dominaently
grey but stained yellow =2nd brown in the upper

part and blue-grey or green at depth.  Similar
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material at similar depthsg in other bore
holes suggests that the yellow clayey sand
from ~110 to =135 fi, may be lacking in
strength but the driller's log indicates
that the material is stiff between -~-90 ft.
and =160 ft. Between —160 ft. snd -220 ft.
the materisl is soft and of low bearing
capacity (there is some suggestion that
sensitive clays may be involvedy); stiffness
increases from -220 to =260 ft, The lower=
most 30 ft, or so of gravel has a high bearing
capacity but bedrock is at an unknown depth,

(over 300 ft.)

(1) wWater depth 65 ft.

(2)

Drill hole D,H. 20, 1958/59 seriss, 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.

. -65 to -80 ft.
-80 to -105 ft.

~105 to -120 ft.
-~120 to =150 f£t.

-150 to -260 ft,

-260 to -280 ft,

water

soft mud

sandy clay Recent
coarsc gravel and sand

sand

grey Tertiary sandy cley with psbbly
horizons, compact and stiff,

dense Terziary gravel with oesaltic

trzcecia at wottom

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 velow ~150 f£t,
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Pier No., 8.

Pacts.

(1) Water depth - 65 ft,

(2) Drill hole. B.H. 5 of 1961 series and B.H. 22 of
1958/59 series. Depth 200 ft., no bedrock ancountered.

Sfeismic data: -~

Discontinuity, 6,500 ft,/sec. at ~127+19 ft.

Interpretation.

0 to =65 ft. water

-65 to -88 ft. soft mud

-88 to ~115 ft. yellowish clayey sand, some cemented
and conscolidated but at =112 fv. soft) Recent
sand forced freely into casing.

~115 t0-118 £t. gravelly sand )

-118 to =200 ft. Tertiary sand, sandy clay, gravel, gravelly
ssnd etc. becoming well consolidated with

depth.

All of the sediments from about =90 ft., down would
support piles by skin friction; the 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 ete.

Pier No, 9:

Facts.

(1) WwWater depth - 60 ft.

(2) Drill hole 1961 series B.H., 2a, 1958/59 series
B.H. 3; 1954 series bwore hole at chainage 2133 ft. is north of
pier 9. Bedrock at =187 ft.

(3) Seismic discontinulty, 6,500 ft./sec. st ~-120+25 ft,

Interpretation.

0 to =60 tt. water
-60 to ~100 ft. soft mud )
-100 to -140 ft. sandy clay end clsyey sand ) Aecent
-140 to ~187 ft. recent gravel overlying thick basaltic

gravel which is probebly Tertiary.
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-187 to -230 ft. Basslt, ﬁeathered in the upper parts.

The depth to reasonsbly solid bedrock is sbout 200 ft.
of which the last 50 ft. will be rather difficult to eXcavate for
point~load hearing piles. Piles nould probably be located in the
Tertisry gravels but this would require further drilling on both
sides cf Pier ¢ to check their physical properties and

distribution.

Piers 10 to 17.

As these are very similar they will vwe taken together.
Pagts
(1) Water depths - descending from 67 ft. at 10 to
105 £t. at 17,
(2) Drill holes.
Pier 10, 1958 series B.H.4, 1961, Series B.H.1
Pier 11, 1961 series B.H.4, near B.H..1,800 of 1954 series.
Pier 12, 1961 series B.H.18
Pier 13, 1958 series B,H.8
Pier 14, 1958 series B.H. 9
Pier 45, 1958 series B.H. 10, 11, 1961 series B.H. 3
Pier 16, 1658 series B.H., 12

Pier 17, 1961 scries B,H, 2

Soft Recent mud is met between the bed of the river
and the following depths:- ~118 f£t. (Pier 10), -140 £t. (Fier
1), 140 f£t. (Pier 12), -150 ft, (Pier 13), -160 ft.(Pier 14),
-155 ft. (Pier 15), -150 ft. (Pier 16), -160 £t. (Pier 17).

Comparatively soft sands and clays occur bencath then
there is a discontinuous laysr of gravel from 0 to 15 Tt. thick.
Bedrock {basglt) is met al the following depths:-
-145 £+, (Pier 10), =155 ft. (Pier 11}, =150 ft. (pier 12),
-155 f£t. (Pier 13), =160 £t, to -170 ft. (Pier 14), =165 ft. (Pier
15/, =160 ft, (Pier 16), =160 £t, (Pier 17).

Pier 17 has been constructsd 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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bedrock is vesicular and the upper surface tends to be broken
and somewhat weathered. Weathering is more pronounced at piers
10, 12 and 15, At pier 15 the upper part of the basalt from

-165 ft. to -180 ft. is sound but the basslt deeper than this is
strongly altered to clay; there is no reason to suppose that the
15 £t. of sound besalt should not stand the lcad but as the drill
hole evidence 1s fragmentary, this variatiorn in the bedrock sheculd

be watched during consiruction.

Pier 18,

Hects.

(1) Water depth - 12045 ft.

(2) Drill holes. 1958/59 series, B.H. 17 (15 ft. cast
of pier). B.H. 13, 134, 13B, 15, 16. Bedrock {dolerite)
at ~187 ft. in B.H. 17.

(3) Seismic discontinuity, 11,000 ft./sec at -160x24 ft.

Intefpretation

The seismic discontinuity is probably on very broken and
weathered dolerits,
g to =120 £t. water
-120 to =145 f£t. soft black mud
~145 to ~160 ft, sands and clays Recent
~160 to -180% £+, coarse gravel
-180% to -210% f£t. broken and wsathered dolerite

=210 f+t. fresh dolerite

It is difficult to predict eXact conditions as the
dolerite surface is probably very irregular, This picr appears
to be closc to a minor channel between the dolerite and basalt,
and the gravel can e expected to be thicker and the weathering
deeper. It is possible that the dclerite has been faulted and
shattered here and this will iacresse the depth of weathering.
This pier is expected to be cohsiderably more difficult to place

than numbers 19, 20 and 21 which are closc by on dolerite.
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Pigrs Nos, 1S, 20, 21.

These have been constmicted. Difficultuis met sre
compatible with the information availsble prior to construction

ana no unexpected conditiorns were met.

RECOMMENDATIONS,

The foundations of the piers belong to three types,
each of which may reguire somewhat separate trestment.
Type I, 1is based on dolerite in the sections from the west
abutment to pier 2 and from pier 18 or 19 to the eastern avutment.
Point-load bearing piles are heing used successfully in this

scetion although irregular weathering of the dolerite causes some

difficulity.
Type iI 1is based on basalt in the section from pier 10 to 17 or

18. (Pier 18 has been discussed in detsil sarlier)., Point-~lozd

bearing piles are being used in this section successfully.

Type II] is based cn Recent sediments overlying thick Tertiary
sediments with bedrock at an unknown level in the ssecetion between

pieras 2 and 9,

Four posible alternative treatments are considered:-

(1) Point-load bearing piles to bedrock,

{2) Skin~friction piles into the Tertisry sedimenis.

(3) Consolidation cof the basal zone of the Recent
sediments and distribution of the load to a
degree such that the formstion can sccept it.

(4) ©Some form of submerged pontoon foundation to

bear part of the load by buocyancy.

(1) Point-~load bessing piles.

Bedrock cannot be expected in this ssction above
~300 £t., and could be substantially deeper. The Tertiary scdiments
offer substantial skin friction so thet ultimately a depth is
reached beyond which 1t 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) B8kin friction piles.

These appear to be a practical proposition in the
Tertiary sediments, however i{ is necessary to ensure that the
loads are distributed so that the transmitted load to the
sediments does not eXxceed 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 technigues designed
to obtain cores of semi-consolidated material for basic soil tesus.
These bores must be carried beyond tne expected depth of the base
of the piles to ensure that no loﬁéf.SBratum 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 other and the bridge design cannot be completed without

suca investigation.

(3) Consolidation of the Recent sand and gravels.

If it were possible to consolidate the Recent sediments
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 consclidating the layer of gravel (5 £t. to 15 ft. thick)
and sand and sandy clay (6 £t. to 15ft. thick) and of distributing

the load to a degree thagﬂcan be borne by this zone,

Consolidation could be by three stages:- first by
cement grout, followed by & chemical grout with = finél géout 6f
acrylamide, The chemical grout could consist of an aqueoué
solution of barium floride, The natural water in the sediment
contains calcium ions and sulphate radicle which would react with
thé barium fluoride to give barium sulphate and calcium fluoride

(the relative solubilities of the salts in gus. per 100 ce. zre
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CaSOu, 0.03; BaF,, 0.17; CaF,, 0.0016;  Bas0,, 0.00023).
The resultant interstitisl cementation of the gravel and sand
with barytes and fluorite could convert them into tough conglom-

erete and sandstone,

It is possible that an acrylamide grout (AM9) might
be used 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 agueous
solutions by polymerization. The mateiial retains its low aqueous
viscosity until a certain period azfter the addition of the catalyst,
then gelation is sudden. Ite low viscosity permits it to be
pumped into silts which are guite inaccessible to cement grout.
A significant increase in strength is obtained and as the grain
size of the grouted material decreases, the strength of the

stabilized mass increases.

AMS is still fairly expensive (£3 per cubic foot or
£10 per gellon) but emplecement times are low and sirnce labour and
overhead contribute more than materials to the cost of grouting,

the process is not prohibitively expensive.

If the proposal tc consolidate the Recent sediments
is pursued in preference to that of sesting skin friction piles in
the Tertiary sediments, then a detailed enguiry into the apulic-
ability of AM9 to this problem should be sought from the American
Cyanamid Company who market the process. In the meantime we have
trade literature ard samples available in Hobart and these should

ve sufficient tc run pilot tests on a series of cores,

(4) Submerged pontoon foundstions.

The possibility of founding this section of the bridge
on partly buoyant rafis is an engineering rather than = geclogical
problem, It is theoretically possibtle but may or may not be

gconomic,
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TASMAN BRIDGE =~ GEOLOGY

APPENDIX Noe 1

The 1962 boreholes at piers 2 and 3 provide
gsome important new informetion (the geological interpretation
has had to be based on data from the existing 1ift span which
is 40O ft, away) and show that foundation conditions are worse
than anticipated, The position and slope of the surface of the
dolerite bedrock can now be located fairly well between the
weatern sbutment and pier 4; 1t is flatter and a little further
west than suggested on fig. 3 of the report and consequently the
depth ﬁo dolerite basement is a 1little greater than expected.
The dolerite basement at plers 2 and 3 slopes at approximately
220. This 1s as steep as the steepest slope on dolerite at the
eastern end of the bridge; the slope at pier 21 is about 100,

at pier 20 sbout 22° and at pler 19 sbout 22°.

Plen

The occurrence of U6 f£i, of gravel was not
expected from the information availsble in 19641 and it wae considered |
that point-load bearing plles could be based at between -75 ft., and
-100 ft, It would now appear that plles must be based in dolerite
at between =100 and -120 ft,

The section at pler 2 appears to be as follows

(from an average of becreholes 2-1 and 2-2 of the 1962 series):

0 to =36 ft. water )
~36 to ~38 f£t. mud
-38 to 52 ft. sandy clay Recent
~52 to =93 ft. gravel
-0% to 104 ft. dolerite (weathered)

-104 ft. to depth dolerite (probably sound),
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Conditions are expected to be comparsable with
thoese at pler 19 and as difficulty was met in placing this piler
it might be worth considering the possibility of ekin friction holes
in the 30 to 4O f£t. of gravel at between =50 and =90 ft.

Pler 3

The new position of the buried dolerite surface

IS
Increeses the depths predicted on pe i&% An average of the new

drill holes 3-1, 3~2 and 3-3 suggests the following section:
O to =ii £t, water

~41 to ~55 ft. mud ‘ )
-55 to =75 ft., sandy clay
~75 to =86 ft,. gravel
-86 to ~1L6 ft, clay
-146 to =170 ft. dolerite (weathered)
-170 ft, to depth dolerite (sound ¢ )

Recent

it would appear that if polnt-load bearing plles
are used at pier 3 it may be necessary to penetrate to at least
-170 £t, The driller's log indicates dolerite at -~i4O0 ft. but
the depth of weathering appears to be gresat.

This pler mey be even more difficult to construct
than piler 18 because although the depths are comparable, the dolerite
gurface at pler 3 has the additional complication of eloping at 22°,

Bler o ,
The Resident Engineer's letter of 30.1.62 queried

the informetion from a borehole deslgnated 2a. at piler 9. Samples
are avallable of a borehole from the 1958~1959 serlies labelled Z2a, at
chalnage 211u‘rt. near pler 9, Borehole No, 3 of this series was
also at pler 9 but at chalnage 2109 ft.

Borehole No, 3 (dated 26.8.,59) is represented by
percussion drill samples In Jars at the P,W.D. The sanples range
from ~102 £t, to —1&5“ft. and include gravel samples between -il43 and
=145 £+, A brown cley at =145 ft, has been interpreted by the

driller as weathered basalt,



426 .- 289028

The 4962 drill holes at pler 9 met what was
logged by the driller as "decomposed (clayey) basalt" at depths
of =137 to ~159 ft. in 9/3

-1L5 to =169 ft, in 9/2
~170 to -176 ft. in 9/4

It is unfortunate that samples were not retained
as we have only the driller's opinion of the percussion drill
sBamples, Comparison with the percussion and dismond drill
samples from 2a, (1958~1959 series) shows that the driller's log
was not rellisble on that hole., In hole 2a. the samples taken
at -155.3 ft. and =167 ft. were logged by the driller as bassalt
but are actually pari of a gravel composed of angular and
rounded basalt pebbles, Diamond drlll core la avallable between
~182 and =223 ft. for hole 2a. and the first certein basalt is
at =182 £t, As gravel was present at ~167 £t. and diamond drill
core was not recovered until ~-182 f't, 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 1s apparently so high as to make its bearing capacity
suspect above a depth of -182 ft,.

As mentioned on p. 4 of the report, a basaltic
breccla occurs between =224 and ~253 ft. at pler 8 but this
breccla was logged by the driller as basalt, In view of this I
am uncertain as to the reliabllity of the results of the 1962
drill holes at pier 9,

Meximum and minimam values for the surface of

the basalt in the various holes near pier 9 are as follows:
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M1 nd mum

~167 Tt.
~1h3 ft.
~170 ft.
~145 f£t.

~137 £t

gufficiently exsct

) Series Chainage §o§ggo;e Maximum
G
19581959 2414 2 8. ~182 f£t.
19581959 2109 3 -
1962 2149 9/ ~176 ft.
1962 AR 9/2 ~169 ft,
50 N,of C.L.
1962 2414 g9/3 ~159 ft.
50 S.of C,L,
The data avéilable are not
to make accurate predictions at this piler,

to hase poini-load bearing piles in the weathered basaltic material

It may be possible

between =145 ft, and sbout -170 ft. but it may be necessary to

‘penetrate to =180 or ~190 ft. (even at depths of =190 to ~227 ft.

the basalt 1s weaihered).

Alan Spry
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| Fig2, GEOLOGICAL AND GEOPHYSICAL INFORMATION
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INTERIM REPORT ON THE FOUNDATIO
PROPOSED NEW BRIDGE ACROSS THE DERWENT RIVER

INLRODUCTION:
The proposal is to build a new bridge across the

River Derwent at Hobart to replace the existing concrete
pontoon bridge. It is proposed that the centreline of the
new bridge should be along the chord of the existing rontoon
arce, the exlsting liftspan to become part of the new bridpge.

Exploratory borings (percussion through the superficial
5ilts and diamomd drill through the underlying rock) have been
carried out between June and October 195i. | The logs of this
drilling are recorded in a report by Mr, McKircher, the
enginser supervising the drilling. The samples collected
during this drilling arc now belng studied. This report
is written prior to the completion of the study of the samples,
A further report giving details of the mineralogy, palaeontology
and correlation of these sam;les and the state of oxidation
revealed by them, will be presented in due course. Howsver
information immediately svallable places fairly clear limits
on foundation conditions so that this interim repert may
permit design investigations to proceed in advanes of the
detalled geological report.
PROFILE Sl ON3

A profile section of the bores with veritical scale
exaggerated 10 times and a profile geologleal section with
both vertieal and horizontal scales 200 feet to the inch
are submitted herewith. The latter section is drawn through
the line of borings on the chord of the existing bridge and
then along the centre line of the existing 1liftspan and
aprroaches. The section therefore is aleng the centrs line
of the new bridge as at present proposed,

T .
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The Derwent Valley 1s a wvalley of structurel origin,

dating back to an epoch of intense epgimgenie faulting in

early Tertiary times perhaps 50 million years ago. The faulting
resulted in dee narrow freshwater lakes which filled up with
haoliﬁit:l.c clays and clayey sandstones. These teriiary lake
sediments wore subjected to advanced dlssectlon before basalt
£lows poured down the valley filiing it up tc a depth of some
hurdireds of feet. These flows were in turn deeply eroded.

in Pléiatocene times the whole coastline was drowmed to depths
exceeding 200 feet 50 that at this stage the Derwent ai Hobart
had over 200 feet of water in it. Upwanrds of 100 feect of si1l1t and
mud have since accumulated, but the river 1s still almost 100 feet
deep at the proprosed bridge line, All the foregoing events show
up in the borings and each has an effect on the sengineering
possibllities of the crossing.

The pre~Teriiary bedrock surface 1a the old Jand aurfac;:
ag it existed prior to the early Tertiary faultinge Four miles
south~-west of the bridge, this surface would now be 5,000 feet
above sea level, but it drops down rapidly on a series of faults
until it is near sea level at the scuth abutment of the bridge
and more than 200 feet below sea level in the centre of the river.

'mé pre~Tertiary bedrock has been reached in bores
320 and 2800 and in the excavations for the foundations of the
cuter pler of the liftspan, ut nore of the intermedlate bores
are deep enough to reach it although bore 2300 may zmve heen
just about to enter it when drilling had to be suspended owing
to damage to the casing,

Whereas it would have been useful geologlcally .to have
pushed a2ll bores down to reach the pre~Tertiary bedrock,it was clear
that adequate foundations could be got on the Tertiary rocks so
the additiomal expense did not appear 2o be warranted. Should
a tunnel be contemplated as has been proposed by Hobart City
" Couneil this information would be useful, if not essential, but

-
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in that event the centre line would almest certainly be nearly a
nile downstream from the present borings, so the informatiion would
need to be sought there.

All exposures of the pre-Tertiary rocks in the bridge:
approaches , the liftepan foundations and in bores 320 and 2800
gonsisted of dolar:lt_a. It is quite possible that only dolerite
oecm within this section. However, the presemce of some of
the assoclated sedimentary rocks is not unlikely. 1In that
event, the sediments concerned would probably be low in the
Triassic and would comsist of quartz sandstone or shales.

_The dolerits when fresh is a very strong hard rock of
_exoellem angimering qualit_.ias. However, it is chemlcally
unstable and hence .{s sub ject to deep weathering wherever it
is shattered by even miner faults, Bore 2800 revealed that the
dolerite there 1s badly fractured with slickensides, and it 1s
clear that there is a fault nearby. On thase grounda arid on
ny gemeral knowledge of the structure of the vallesy I would

- expect that even dsep within the dolerite there would be zones

of advanced weatharmg and poor bearing strength. If it were
proposed to seat the concentrated loads of pier foundations
directly on the dolerite, such weathered zones would be a hazard
to be diligently tracked down. However, with foundations in the
overlying Tertiary Rocks, the loads would be sufficiently
distributed before the basement was reached, so that such deeply

weathered zones as may exist in the dolerite basement no longer

comstitute a hazard,

These were met only in borea 2800 and 2300, about
100 ft. thickness in each. These lake sediments accumulated
because the early Tertiary faulting which brought the Derwent
Vallsy into being did not produce a simple trough sloping seaward,
but rather a guite complex rift valley, with several steps down
to the trough, tilted usually south-westwards, frequent platform -
like horsts within the genermal down=-faulted zone and many narrow
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deep depressions which filled up with water ani became lakes,
There are sedimentary remnants of several such lakes aiong
the course of the Derwent River. The bottoms of some of
these lakes went below the then sea=-level but they had barrier
rims above sea level, The bottom of the lake at the bridge
site extended down at lsast to 250 feet below present sea lsvel,
but this was probably above the then sea-level, The topwater
level of the lake was at least 100 feet above present sea-
level, and probably something 1ike 40O feet above the Tertiary
sea=level, | _ |
The sedimenta which aoéumlated in this lake were
derived from the upfaulted blocks. Prior the faulting, Tasmania
was a rogion of subdued relief like mmuch of South Australia
today. The surfaoe was sandy, but deep chemical weathering
throughout the Cretaceous period had produced a deep leached
and tull;r. oxidised zone overlying the bedrocke Henne the
sediments which washed into the lakes contained a good deal
of sand together with a lot of k@olinztio claye. Hence these
lake sediments consist of cream to yellow to buff-goloured
sandy clays and sands all well oxidised. This distinguished
them sharply from the overlying Juatermry silte which were
deposited in a sirongly reducing énviromment. _
The Tertiapy lake sediments contain many plant remains
and elsewhere in Tasmania there are often seams of lignite.
The blue-grey colour of some of these sandy clays as recorded
in the bore logs is presumably due to such organic matter.
| These sediments were origimlly covered at least up to
present sea-lavel and perhaps 400 feet higher by sediments and
dater by basalis Hence they show a degres of pre~compression
and are stiff to penstrate. They would develop comsiderable
skin friction to piles and would satisfactorily carry o bridge
foundation provided the load wam adequately spread. I think &
Plle nest would be better than a caisson though if more &on&en—
trated loads were contemplated, triaxial strength tests on
undistonbed samples should be undertaken. |
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ZERTIARY PASALTST

Pollowing the £illing of the lakes with sediments,
the normal progesses of erosion wore gaps in the seaward
barriers of the lakess and allowed the newly deposited lake
sediments to be eroded. Onece the barriers were reduced the
erosion of the new sediments was very rapid with stecp~walled
"bad-lanis" type of vallaye At the site of the proposed bridge
most of the lake sediments were removed, forming a new valley
down to below RL~210 (since the then sea-level was something
like RI~300) The eastern wall of the valley was stripped clean
of lake sediments to the pre~Tertiary dolerite whereas a substantial |
mass of the lake sedimenis were left on the west side of the
valley (between D and E in bores 2800 and 2300)s The profile
DeDsDe represents the floor of the valley at this stage.

Basalts were now axtruded.} They poured down the
valley in a succession of flows, sach one filling the bottom of
the valley, until a thickness of 300 feet or more accumulated,
bringing the wvalley floor above present sea-level. The basalts
now appear in bores 1800,1300 and 800, as a single mses of basalt.
But it 1s elear that a succession of flows is involved no doubt
separated from each other by tens, hundreds or thousande of years
of guiescence, Elsewhere in the Derwent Valley the surfaces
of individual flows were weathered to solil, amd forests of large
treecs grew on them, before the forests were killed and buried by
thick showers of volcanic ash and scoria which preceded the next
flowe The fosall forest trees now silicified and opalised still
stand upright in the ash which overwhelmed them,

When the basalts extrusions were fimally over, erosion
regained the ascendancy and a new deep valley was eroded in the
basall, again to well below sea-level. The profile C,C.C. in
the section indicates 'the lowest limite of this walley, which
bore 1300 proves to have extended down to at least RL=177.

The deepest part of the valley might be as low as
RI~190, between bores 800 ami 1300,
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. The basalt when fresh is a hard rock, closely fractured

by irregular contraction joints; much of it is very amygdaloidal.
- Internedded with it are scoriaceous and agglomeratic layers as well
as surfaces of contempamneous weathering. The weathered zonss
tend to be disposed as flat or near ﬂat‘ sheets, not along steep
fissures or fault zones as in the dolerite because the faulting
was over bafiore the extrusion of the basalts,

Where pmved in the bores, the basalt would be an
adeguate foundation for the bridge, preferably with a pile neste.
This would allow any pile which found a more weathered zone to
' be driven further, whereas a caisson might ride on a hand
projection with consequent high local loadings in the caisson
rim and basalt which might lead to subsequent settlement.
THE QUATERNARY GRAVELS?

Overlying the erosion profile CeC.Cs cut in basalt,
Tertiary lake sediments, or pre-Tertiary basement according to
locations, each bore found a layer of gravel which varies fronm
5 to nearly 20 feet thick., Although this gravel appears on
the profile section as a continuous layer, this is almost
certainly an over-simplifications It probably consists of
a number of lenses which accumulated during the drowning of
the valley., The drowning was not a single catastrophic act,
but a progressive advance of the sea onto the land which was
spread over a thousand years or more = general cumulative rising
of the sea, interrupted no doubt by occasioml reversals when the
sea-level was temporarily statiomary or actually receded somewhats
At each stage and level of the sea on the way up there was time
for storm waves to develop a beach shingle, which now appears
as this zone of gravels The gravels probably would in most
rlaces offer adequate bearing for heavily laden piles especially
as we can be certain that there is no underlying stratum subject
to undue settlement or slippage.

The gquatermary silts have accumulated with the present
high sea level. They show 1little variation and have been
daposited in a reducing enviromment. They should not cause
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rapid deterioration of steel., They are normally loaded and
could not carry any 1oéd without serious settlement. Flles or
calssons would have to be carried right through thems The
maximum thickness measured is 80 feet in bore 1800. The
maximum depth below sea level measured is RI~159 feet in bore
1300, and there is no reason to expect thelr base to extend

below RI~170 feet ai any point of the section.

Bach abutment contains good dolerilte widely exposed
in good condition so any deeign based on 3 free span of the
wholn.waterway. such as 2 single span arch or suspension would
present no foundation difficultlies, However, this would be a
first order engineering structure amnl the cost would necessarily
exelude it on foreseeable conditions.

Any plerced atructure clearly demands that the piles
or piers be taken down 2t least to the base of the Quaternary
811t (B.BsBs in the profiles), that is to RL=170, In order
to ninimise the cost of supersiructure, the consultant Engineers,
Messrs, Maunsell, Posford and Pavey, have suggested using closely
spaced plers comsisiing of light steel pins driven through light
caissons, the latter to be seatedfin the sllts. Provided these
rins are driven to refusnl into the gravels below the silts there
318 no geologloal objection to this scheme. However, the depth of
Homally loaded ailts now disclosed taken with the depth of free
water already known may qualify the transverse stability of the
structure, and also make the cost of the long piers prohibitive
for the short apans. However, these are engincering guestiome
and can properly be left to the designers.

Conaidering more conventional foundations I would
regard a oluster of pilles more sultable to the conditions here
than ocailssons. I do not bave any doubt about the adeguacy
of the gravels and the rocks immediately unier them,

'r
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But there is 3 good deal of loeal wvardatlon both in gravels
themeelves and in.thé underlying rocks. The individunl plles
of o clnster_dré much more adaptabie to accommodating the loads
to such local vardations than the larger caisson units.
Howsver should there be sufficient other reasons for preferring
caissons, I have no doubt that with proper care in the seating

of them, they could be satisfactorily used.

Other geologiocal hazam@s such as flood loads, current
scour, tounamis or geisnlce risk, to oms or more of which many
other bridges are subject, do not appear to be impertant in the
case of the Babﬁft Bridge.

QONCLUSTON;

- Taking aceocunt of the foundation conditions only,
and asauming.ﬁhat 2 single span arch or suspension is eliminated
by @ost, I consider that a multispan bridge borme on clusters of
piles driven to refusal into the gravel zone which underlies the
Juaternary Silts, is the notural solution to the conditions found.

 {Signed) 8. Warren Carey, D.Sce

Geological Consultant.
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By Edmund D. Gill, Curator of Qasﬂs,
Hatioml Museum of Victoria.

Introduction

- This report outlimes the fossils found so far
and other relevant evidence from the boring records, %hen puts
forward some interpretations and makes some recommendationse. .
It should be emphasized that this is only a progress report
provided as arranged on work dome till the end of March 1955.

Palaeontolo 1 =)
4+ DIATOMSs From Bore 1800, ReLs -%-25 feet, lire Be Tindale

sl

CADOPLYCHuS Senarius vVals
m"“:@‘f.la Vare
JE‘*'.!S*EI*EZI"" 22 tus
jr.m;l sgiculats
}U-E\_ij

h"‘ﬂn 1la gastroldes
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!‘I'”"_x‘ S %
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The gueries are due to specimens being broken ani so not
determimble with certaim;gr, or to pecessary mot being
avallable at the moment, The former problem may be solved
by Turther investigetion, and the second willl be soon.

The simricame of this flora is brought ocut by the
diagram that comgltutes text-figure I, a method devised

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

(see Mems Nat, Mus, Melb, 18,ppe 1LU4~i45), The flora is
definitely marine. The tuo freshwater specics are
represented only by one specimen each, and were probably
washed in. There 1s a small but definite brackish
slerent probably washed down from the higher reaches of the
estuarye. Diatoms are good egologleoal indicators, anpd the
rich flora from this site rortrays the facies quite accurately.
Sponge spicules were plentiful in this sample.

2+ #OQDe Swall pleces of wood wers notsd as follows:—

Bore 550, R.Le.=139+25 = 142.25: In gravel formation,
as shown in plan 11D

Bore 41300, Rels =160625¢ Doa
Bore 21335, Reles =136.5¢ Does at bottom of silt
formation.

Himite plant fragments were noted when washing up some other
samples, and it is pertinent to note the presence of these
in the "Tertiary sediments", @.g+ at 225 £t. in bore 2300,
The boring records mentidn a "amall plece of soft black coal®
at 188.8 ft. in this bore, but I do not appear to have a
sample of 1t.
S w Dre. Cookson has a series of samples to examins
for fossil pollen, amd I expect to receive her
report shorily after easter.
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) aerideacs Dre Gaman has meently made a
'apaaﬁ.al atuw of ‘bheae ﬁ‘emila 1n Paris, amﬁ will do thesa
from Hobart at the same time as the pollen.

5¢ OSIR s Mrs. Betty B’allatt Madeau has emmimd a
seri@s @f‘ same and named the thﬁee&, and also some
foraninifera.

, Mrs AyCe Collins haa agraea ta do tmse,
but. has 1;0 f&nish some uthar work firste
Te Mr. Tindale recently noted some radiolaria

in a diatnm spreade As far as I am aware, these are the

first Quatermary omes to be noted in Austrelia, amd I have
asked Dre. Riedel, who is a specialist in this group, to
examine then, | '

Ee GRS have been recognised by their spicules.

Iiave been recognised by thelr spines.

IOLLU The shells are too broken wp in the small
,sammeé sent to enable the mum.ean 'fam to be studied

adeguately and hence larger samples were requested. When
these come to hand, they will be worked over. However,
the sample from 54415 ft. in bore 320 was examined, Small
shells of Vemerdcapdl LG, hioporyx

and mmerous fragmemte of Pecten were recognised.

ides

¢ 2300 mostly done by
lirse Nadeau, provides interesting ecological information
whmh ﬂ.ts in very well with what one would expect from the
euatatm interpretation of the eedimentation.
ReLe =63425 f4s  Diatoms commons

zgpremnwa by ggveral species,
mostly small, Cythere a W
present. ' ‘

Fomminiferai fan

The 1 i%uimzs'&gﬁii%e ag&owa 5
wagr; presen ew in mmbez* any
aremeeous mm'immﬁmg a large g

Proteonina.
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ReLe =82450 £t Diatoms = few
Y \& Ostracods = as 6325 fte
' Foraminifera = Rotalia beccarii abundant,
ie€e bmckish element more prominent.
LG : 2)e  Arenaceous

ue lo a and two of Massilina.
present. but whereas a% %5.25 £t
the last chambers were smooth and rounded,
these lack the rounded chamberse. The
lower edges of the chambers have fine
spines.

Iamellibranchiata -~ shall crystals abundant
Echinodermata = present.

Rele =97475 fte Diatoms - abundants Also abundant in
sample from 92.25 £t. in Bore 1800,
Ostracods common and mostly large species.
Foraminifera rarer. g;%;g% present
and Bulimimm rare, appearing also to va:'-y
in proportions ;t'rom those higher in the
bore.

Rele "116025 fte Diatoms abundant.
Ostracods as at 9725 ft.
Formminifera mostly Rotalia beccarii
showing a marked estuarine ecology.
Hatrix coarser.

ReLe =135 fte In process of studye. otalia be i
. . prominent so estuarins., Also some marine
forms and ostracods.

Text=-figure 2 sets out diagrammatically some of the
ecological interpretations to be placed on Bore 2300,
In the silt formation (from 119.5 ft. up) there is
ralaeontological evidence of a transgressing sea in
that there is change in ecology from below up from
estuarine to more marine conditions. This is interpreted
as being 2 function of the Flanirian Transgression, an
event for which there is evidence all over the world, amd
which has been checked in time by radiocarbon analyses.

The bores reveal a dee_p channel in dolerite infilled
withs

Oldest L4 basalt Order of these two
formations is not
5 sediments of ? Tertiary age ) proved by the bores,
2 coarse sediments = "Gravel',

1 a Stiff clay, silt, sandy clay etce

Span Pier 69-5 - 96 £t

Bore 2750 95 = 105 ft.
2300 11945 = 141 ft.
2133 436 = 158 ft. probably
18C0 absent
1300 absent
800 absent
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' 550 133475 = 18L450.
Youngest 4 B silt above | a.

Whether 1a is a different formation from 1b or that
these are two members of ons formation cannot be determinsd
for sure from the evidence available, In the Yarra Delta the
following three formations can be readily distingulshed

1ighologicallyi

3. A dark unoxidised silt deposited during the Plandrian
transgression as shown by geology and Ct4 dating,

2, An underlying oxidised stiff clay (l.e. more compact, -
mlgiea::ﬁ:vﬁgfeaaad, agﬂ oxidised during Nankato eustatic

1. Underlying 2 is 2 formation of _grave:l.-

It may = that these formatioms can be paralleled by
2,12 apd 1b from the above list of deposiis in the Derwent deltia.

The bores do not prove the relative ages of
formations 4 and 3 in the Derwent Delta, The side of ths old
valley wall between thsm is steep, whichever way it faces. Plan
11D shows the eastern wall of the later P:nistocam valley a®
steeper on the east than on the west, but this eould be drawn
differently from the same evidemse. In Pleistocens times the
valley was fairly symmetrical in cross-section, the deepest part
being about the middle of the strean, whereas at'praeent the river
is depper on the east side than on the west. The deop Pleistocens
Valley is probably a function of eustatic change of sea-level,
Such vallsys have becn observed in many places in Australia
(including places on stable cratons), and in other parts of the
world. The worldwide retreat of the sea in Mankato times caused
deep down~outting of streams dsbouching into the sea. Deposits
now below sea-level were oxidised, and then during the Flandrian
Transgression the valleys so cut were larpely infilled with
mmmised silts. Resting on the basalt are coarse sediidents _
- whioh may well represent the fast flowing river in a time of marine
teiveste. No foSsils have been fourd in this formation by which
it can be dated, but such scraps as there are suggest s fluviatile
setting. | '
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In bores 1300 and 1800 the thalweg of the Mankato
Valley can be seeh to be of the order of 150 feets A similar
valley in the Yarra Delta, Melbourns, infilled with unoxidised
mrine sedilments has bsen shown to be of Mankato age. It has
been traced by bores to over 100 ft. below sea~level, but has
not been followed further because 1t goes beyond the area in
which the Melbourne Harbor Trust 18 interested. However, the
submarine geography of Port Phillip auggest.é it was affected
by the last retreat of the sea, and Keble picked up a 25 fathom
{150 £t.) outlet in Bass Straite Off the Western District of
Victoria, I have recognised in the Admiralty Charts a submarine
platform at 150 fts A retreat of the sea of this order would
connect Tasmania with the mainland; also EKangaroo Island apd
Few CGuinea, In this connection it would be very h#lpful to
know whether the fossil valley floor in the Derwent at 150 ft.
is maintained for any distance. Are there any borés that
could throw light on this matter? See text-figure 3,

after caveful search by two workers were mimte sgraps of

~plant remaine Insufficient to inlicate age. If there were
scrape of leaf cuticle or such remains it might be possible
to get an idss of the age, but the mimite rragmenss gave no
clue., In bore 2300, samples from 225%,2L4L%, 135! aml 1447
were examined, As a rule, the "argument from absence"”

is a fallacious one, but in this case the absence of fossils
is coneidered significant in view of the location of the
gsediments. They lie in an estuarime chanrel, and if such
sidiments were marine, one would expect to find some fragment
of some kind of marine fosgil in them,



03& 289050
-7 -

I conedder it safe to accept it as a working hypothesis |
that these sediments ars freshwater. If they are freshwater,
they could be either fluviatile or lacuati-im, and elther
Quatermary or Tertiary. No answer to these altermatives can
yet be given. From the spreads used for fossll-hunting it
seemed that the sorting was different from the Quatermry
beds. Some circumstantial evidence may therefore come from
the mineralogiste., although even then there is the possibility
of re-soriting. |

The most l:lhely means of solving this problem would
be the examimation of the “soft black coal” at 18848 fts in
Bore 2500 for pollens Could I have a piece ﬁlease?;
Formation 2. pasalte This is older than the gravel and
youngsr than the dolerite, but as already stated it 1s
nét known whether it is older or younger than the "Tertiary"
sediments on the evidence avallable,
Wc Gravels It may be significant that the only
fossils found in this formation are wood., This and the
complste absence 80 far of marine fossils suggests a
freshwater orlgin for these sediments. They moy well have
been laid down by the Derwvent during s glacial low sea-level,.
They are often very coarse inmlicating a fast current which
18 in keeping with the fluviatile rather than marine origin,
in view of their location. If enough wood 18 available for
. C14 amalyeis, such an amalysis would date the formation and
also indicate whether or not it were a period of glaclal low=-
sea~level. 1In the memntime the wood is being determimed
on structure. I am enguiring from ome of the most progressive
of the overseas C1l laboratories to find out on how small a
spscimen a radiocarbon amalysis can be made using the latest
methods,
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Formation 4e Silte This 1s definitely Quatermary. Its
position, fossils, and cheniesl condition, as well as the

variation in facies from estuarine below to marine at the

top, show that it was deposited during the Flandrian

Transgr2asion. Diatoms are good facies indicators, anmd I

am arranging to get a sepies of floral analyses done from

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

ts
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Recommendations.
That the possibility of getting wood for Cil4 anzlysis be
inbestigated,

'That a large sample or better samples from different

levels opnxaining shells be submitted so that the
mollusca can!be studied adequaiely.

That & large sanple cf gravel be submitted for working
over in an effort to discover fossils in this upparently
unfossiliferous formation.

That a sample of the "soft black coal" from 188.8 ft, in
Bore 2300 be submitted for pollen analysis.

Edmand Ds Gil1
Curmator of Fossils
Hatiomal Kuseum of Victoria.

.!elbourns

April 18te 19554
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