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ABSTRACT

Results are given of selsmic refraction and of’
magnetic surveys conducted on the north-east bank of the
River Tamar at Whirlpool Reach, the site of a proposed
bridge. The survey was recuecsted by the Department of
Public Works, Tasmania, to assist in an assessment of the
depth to a suitable foundation rock (bedrock) and of the
extent of any unweathered basalt in the area.

Previous geological investigations indicated
that the north-eastern bank conslsts of soft Tertiary
sediments and decomposed basalt boulders. The seismic
surveys give the depths of layers and the velocity of
seismic energy in the various layers. The mégnetic sur-
veys assist in determining horizontal discontinuities in
the rock types,.

On the north-western section of the Main Traverse
(Piate 1) rocks with a seismic velocity of about 6,500
ft/sec. which are probably Tertiary clays extend to a mini-
mum depth of 190 feet. Towards the south-eastern end of
the Main Traverse a higher velocity bed with a velocity of
11,000 ft. per second lies within 4O feet of the surface

at one point.

~ (ii)



1o JNTRODUCTION

The Department of Public Works of Tasmania proposes to
erect a bridge across the River Tamar to connect the East and “es?
Tamar Highways. A site at Whirlpcol Reach, some 7 miles soutn of
Bell Bay Aluminium Works, was chosen for further investigations
(sece Plate 1 Inset). ,

' .The geology of the area was partly mapped by Mr.T.D.Hughes
of the Mines Depertmeht, Hobart, (Hughes, 1957§ and two boreholes
and onc test-pit have been put down.

The Department of Public Works requested the Bureau of
Mineral Resources, Geology and Geophysics to conduct a geophysical
survey to determine the depth to the bedrcck on the north-eastern
bank of the river.

The survey was done in February 1958 by a geophysical
party consisting of E.J. Polak (party leader) and F.J. Moss,
geophysicists. The Department of Public Works provided additional
assistants znd did the topographical surveying required.

2, GEOLOGY

At Whirlpool Reach the River Tamar is approximately 1,000
ft. wide. The left (south-west) bank of the river consists of
dolerite either outcropping at the surface, or underlying a cover
of boulders and soil no more than 5ft. in %hickness. There is no
difficulty in finding a good foundation there.

The right (north-east) bank of the river consists of
Tertiary sediments of unknown thickness underlying soil, boulders
and recent alluvium. Drill hole No. {1 near station 1206 on the
Main Traverse (Plate 1) intersected 164 ft. of Tertiary sediments
without penetrating them fully. The sediments are predominantly
clays, which in a part of the drillhole showed considerable compac-
tlon. During the Tertiary period a basalt flow covered these
sediments. The extent of the flow is not known as this basalt was
subsequently partly eroded, leaving, in some places only, an accumu-
lationn of basalt boulders. There 1s no direct evidence of the types
of rock underlying the Tertiary sediments. They may be pre-Tertiary
sediments and/or dolerite. It is possible that basalt flows older
than the one mentioned above may be interbedded with the Tertiary
sediments or immediately underlie them.

3. METHODS AND EQUIPMENT

Seismic refraction and magnetic methods were used.

A. Seismic method.

The seismic method of exploration depends for its success
on the degree of contrast between the velocities of propagation of
seismic waves in the geological formaticns. A seismic wave source
is produced by exploding a charge in the ground and the time taken
for the wave to arrive at points at known distances from the source
is measured. Hence velocities of propagation can be calculated.

Hard unweathered rocks have higher longitudinal wave
velocities than their weathered counterparts. The velocity in soill
and alluvial material i1s again considerably lower than in the
weathered and fractured rock.
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The seismic refraction technique employed was that known
as the "method of differences" (Heiland, 1946, p.548).

The following types of geophone spreads were used :
(1) Weagther spread.

These were used to obtain seismic wave velocities in, and
the thickness of, the soil and other near surface layers.
Geophone intervul was 10ft. and shot points were usually
at distances of 10 and 100 ft. from both ends of the
spread.

(i1) No spreads.

The usual geophone interval was 50 ft. and shot points
were usually at distances of 50 ft. and 250 ft. or greater
from each end of the spread.

The geophysical equipment in the survey consisted of a
Midwestern twelve channel seismograph suitable for shallow reflec-
tion and refraction surveying and Midwestern geophones having a
natural frequency of about 8 cycles per second.

B. Magnetic Methode.

This method depends for its success on different rock
types having different magnetic susceptibilities. The strength of
~the earth's magnetic field measured at the surface will depend on
the magnetic susceptibility of the rocks present. Measurements of
the magnetic field strength at the surface were made with a Watts
vertical force variometer along selected traverses and the variations
in magnetic intensity noted.

4, RESULTS

Three traverses, called the Maln Traverse and Traverses A
and B and totalling 4,&06 feet in length were surveyed with both the
seismic and magnetic methods. The traverses are shown on plate 1
and the results in the form of profiles and sections are shown on
plates 2 and 3.

In the interpretation of the seismic results the following
velocities were assumed as characteristic for different rock types.

Rock type Velocity Bgsils Velogcity As ion.
ftZsec.
Soil 1000 £ 100 measured on weathering spreads.,

Soft Clays,
decomposed basalt 2500 = 5000 measured near boreholes D2 D3,

Hard or compact ’
clays 5000 - 7500 measured near boreholes D2 D3.

Pre~=Tertiary

sediments or _

" older basalt flow 9000 =12000 inferred from seismic and
: magnetic results.
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Rock type Velocity Besis for Velocity Assumption
Lr/sec.

Partly decomposed 5000? ~ 72000 inferred from selsmie and
to fresh basalt magnetic results,

L]

Dolerite i8CC0 -~ 20000

_ Lt prosent it 1s not possible to identify s bed showing
90C0 = 12000 ft/sez. velceity, This velocity is tentatively in-
terpreted as representing pre-Tertiary sediments or an older basalt
flow underlying or interbedded with the Tertiary sediments.

The aliocaticn of a specific velocity to tha basalt is
difficult on the Whirlpool Reach bricgze site, as there are no out-
crops on or nezr the traverse and no sclid basalt was reached in
the drillhelies., -

The seismic velocity of two samples of btasalt from Whirl-
pool Reach toulders has heen determined at the Hydro-Electric
Commission Soil Testing Laboratory. The samples gave very high
velocities namely 419,200 and 17,000 ft/sec. The velocities measur-
ed on boulder samples in the Laboratory can be expected to be sub-
stantially higher than those met with in the field, where bulk
velocities of boulders in a weathered matrix are measured.

The magnetic susceptibilities of the rocks on Whirlipool
Reaci bridge are not known, but by correlating the magnetic and
the seismic results some conclusions may be reached regarding the
rock types present.

On all the traverses the near surface material comprising
soil, boulders and recent alluvium has a low velocity ranging from
1?006 ft. per secc. to 5,000 ft. per sec. In places, for example
at stations 650 and 2850 on the Main Traverse, thils near surface
material comprises three distinct layers with velocities increasing
from 1,000 't/sec. at the surface to 5,000 ft/sec. for the lowest
layery the middle layer having an intermediate velocity. At other
places only two near surface layers are indicated. Beneath these
near surface layers other layers with higher seismic velocities
were detected.

From zero to station 700 on the Main Traverse (0-700ft.)
a layer of rock with a veloeity of 6500 ft/sec. was detected at
depths ranging from 43 ft. (station 700) to 87 ft, { ization 300).
This bed 1s correlated on the basis of seismic velocity with hard,
or compact clay reported in bore hole DD{ near station 1200. Seismic
velocities suggest that this bed continues from statiocn 700 to
station 2300. The relatively undisturhed magnetic profile alsc
Indicates a general continuity of structure and rock type between
stations O and 2300. Beneath this postulated hard clay layer a
deeper layer of 9000 =~ 12000 ft/sec. velocity was recorded. This
may be pre=Tertiary sediments or an older flow of basalt, Deeper
still (at about 410 ft.) a refractor with a very high velccity
(up to 20,000 ft/sec.) was recorded; this may be unweathered doler-
iteo

The section from stations 2300 to the end of the traverse
(statior 3150) is characterised by changes in velocity ranging
from 6000 ft/sec. to 11,000 f£t/sec. in the layer immediately beneath
the low velccity surface layers and by a very disturbed magnetic
profile, .



L,

Of particular note is the velocity of 11,000 ft/sec.
recorded be*ween stantions 2300 and 2600 znd at a deo+h of 40 feet
near station 2400, The *ype of rock respcnsible for this high
veloclty is not knowne It may be basalt or perhaps pre-Tertliary
sediments. A refractor with a similar velocity underlies the
Main Traverse between stations 300 and 1700 at depths ranging from
190 £. to 275 feet and is possibly rock similar to thet at a depth
of cr]y 4D Peet benesth station 2400, There is, however, no selsmic
evidcnnce to suggest a audaen or continuous shallowing of this deep
refractor be sween station 1700 nnd aqoo and it scems iikely there-
fore that the 11,000 f*/son refractor bteneath station 2400 is cuiie
distinet gsolcgil oa41y from the other.,

It iz considered that the most likely explanation for

the 11,000 fi/sces ref ractor beneath stations 2300 ta 2600 is that
it is a basalt flow cf Zimited horizontal extent interbedded with
the Tertlary clays. The magietic results wculd be consistent with
this inte rple;ation : 4 rawe‘bed permar.sit magnotisagiur 1s assumedsy
.the magnetic ir\+ensitv between 2300 and the end of the traverse at
'315C 1is anomdlous and generaliy lower than that measured over the
rest of the main tra*“*ae:

_ Traverse AA' and BB' cross the Main traverse at stations
2400 and 3139 respectively. HBach was pegged from the bank of the
Tamar, extending inland from 2%,

ractor recorded at station 2400 on-
rded on Traverse AA' exterding from
a station €7 feei rorth easg m the Main Traverse to tke bank of
the Tamar at d0p+h: ranging in excess of 40 feet to only a few
feet on the bhank cf the river, A refractor with a slightly lowev
velocity (10quu0 fit/sec.) was recorded on Traverse BB! extending
+hrougnout the traverse at depths ranging from 110 fect at the north-
ern end to oniy a few feet near the river. Over that portion of
Iraverse BB'wnich lies to the north from station 154 south of the
Main Traverse this 10,000 ft/sec. refractor is overlain by another
with a velocity of 6 600 ft/sec, Throughout each fwavars the near
strface layers have 4ow velocities ranging from 1,000 ft/sec. at the
surface toc atout 5,000 ft/sec These layers includo soil, decompos -
ed basalt, boulders and recent alluviume.

ihe 11,000 ft/scc
the Main Troverse wes 1LSO fc

".5

"3 s IJ (O]

HoO HJ
,:x O L

The 11 000 ft/ssc. and 1C;000 ft/sec. refractors cn traverse
AAY ang BB! sgeut*VHIJ are mos+ rrcuably basalt' disturbed mag-
netie ﬂeadznes support this ¢nuprpretaulon. There 18 o possibility
however that this refractor is doierite which zrops out on %he
south~western side of %the Temar.

The determination of the thickness of the solil and low
velocity layprs 1s considered to be within I 15% of the true
thickness, The eaulwaJeu tnlvﬁnesses of the Liower heds have a
greater p“obablv Graor, hecna?s t 15.20%, The accuracy is Infiuen-
ced by the lateral continuity of the beds., The accuracy on thie sec-
tion from stations zero to 700 on the Maln Traverse will propably
be sl*ght¢3 less than the rest of %the traverses due to large differ-
ences in elevation betucen geophenes and shots. On this section the
depths are more iikely to be overestimated than wnderestimated.

The results ou the scuth-eastern end of the Main fraVerse
and on traverses AA' and BB' suggest that adjacent t the river
bank there is an area shown on piate 1 underiain at a depfh of €0
feet and iess by 1*oc:‘f with a seismic velccity of .O,OOU £t/sec. or
greater, and which is sufficiently magnetic to disturb the earth's
magnetic field, uucu a rock may be basalt or possibly doierite.
If the rock is basalt it is presumably a flow of limited areal ex-
tent, lying =t a lower ievel than the basalt flow which crops Oat
nearby. it could be )a?* of the same flow OCuijiﬂb an old er 08
or River channel or l*crna*'Vm?y it may be part of a basalt 1L ow
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older than the surface flow and separate from it. In either case
it is to be expected that such basalt would be underlain by clays
and weathered rocke. :

If on the other hand this high velocity refractor is
dolerite it could be expscted to pass at depth intc pre-Tertiary
scdiments which are unweathered and with an equally high velocity.
However, dolerite with velocity of 10,000~11,000 ft/sec. may be
jointed and partly weathered.

Elsewhere on the main traverse the near surface layers,
coaprising soil; beculders and recent alluvium pass at depths ranging
from 27 feel to 87 fect inte material with a velocity of only
6050~-7000 feet per sec. From borchole evidence it is concluded that
thisz is Tertiary clay, partly compacted. Beneath these clays is a
+ayer with a velocity of 90CO to 10,000 ft/sec. at depths ranging
from 190 feet to in excess of 275 feet. This may be an older basalt
or pre-Iertiary sediments.

5, DISCUSSION OF RESULITS

The object of the survey was to obtain data on the
rhysical properties of the rocks underlying a proposed bridge site
with a view to assessing their suitability or otherwise for founda-
tions. The seismic velocities are a good gulde as to the elastic
wodull of the rocke, and experience in other areas has shown that
rocks with velocity of 6000-7000 ft/see. and less would most prob-
ably be unsuitable for foundations of a large bridge structure, but
that rocks with a velocity of approximately 10,0C0 ft. per sec. or
more may be suitable.

If this is assumed to be correct then, except for a short
Seution of the Main traverse between stations 2300 and 2600, the
gepzh to rocks suitable for foundations would be greater than 190
CCTe ’

Rocks with a velocity of 10,000 feet or more appear to be
present at depths ranging from a few feet up to 60 feet over a por-
tion of the area adjacent to the bank of the river at the south-
eastern end of the Main traverse. This area 1s indicated on plate 3.
Although these rocks are believed to be basalt underlain by weathered
material it is possible that it is dolerite,siightly jointed and
weathered, This would appear to be the only arca that offers any
prospects of rocks suitable for foundations at a relatively shallow
depth and a test drill hole may be warranted. ,

6. CONCLUSIONS

The geophysical survey provided information of the depth
and the possible type of the strata.

On the north-western part of the Main Traverse the rocks
apparently consist of Tertiary Sediments, mostiy clayse. At depths
in excess of 190 feet there is a bed showing a velocity of 9000 fit/sec
or greatersy it is interpreted as pre-Tertiary sediments or an older
flow of basalt. '

‘ Towards the south=-eastern end of the traverse a bed of
high velocity“(11,000 ft/sec) was detected nearer to the surfage.
This bed has been interpreted as basalt but may possibly be dolerite.
This, however,; could only be determired by test driillng.
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6.

The errors In calcglations of depthe are generally expec-
tod to be no more than + 20%.
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