A T Y
| PLANNING GROUP § ;3000'-4/5' j
COMMONWEALTH | OF AUSTRALIA - ﬁ/ﬂ/éa /6 | §

%

DEPARTMENT OF NATIONAL DEVELOPMENT

R i et S

Y BUREAU OF MINERAL RESOURCES,
- GEOLOGY AND GEOPHYSICS.

RECORDS

RECORDS 1960 No. 63

MARY RIVER 167.84 DAM SITE, SEISMIC REFRACTION SURVEY,

.rb ' QUEENSLAND 1959. ‘ -

|
| | .

W.A. Wiebenga and B.J. Bamber

& e e B B -
mES AR ED TG Mo, 3
;

e L. N 1 The information‘eontained inthis report has been Shtalned |
by the Department of National Development, ss pare of
the pc_:J’i‘c',,'..gf the Commonwealth Government, to assist -
in the“eXploration’and development of minersl resourees.
ft may not be published in any form or used in a company
prospectus or statement without the permlssion in writing

of the Director, Bureau of Mineral Resources, Geo)ogy
and Geephysics,

o




RECORDS 1960 No. 63

MARY RIVER 167.84 DAM SITE, SEISMIC REFRACTION SURVEY,

QUEENSLAND 1959.

by

W.A. Wiebenga and B.J. Bamber

The information contatned In this report has beon obtalzed
by the Department of Natlonal Developrent, s parc cf
the pelicy of the Commonwealith Government, to assist
in the exploration and devcloninent of mincral rosourees,
it may not be published in any form or used in a compary
prospectus or statement without the permisilon in writing
of the Cirector, Bureau of Mineral Resources, Geology
and Geophysics.



w

CONTENTS.

Page
ABSTRACT (i)

1. INTRODUCTION - - 1
2. GEOLOGY 1
3. METHODS AND EQUIPMENT 1
4. RESULTS 2
South-east bank. 2

Piver bed and lower flood terrace. 2
North-west bank. 3
Accuracy o' depth determinations. 3
Velocities. 4
Elastic properties. 4

5. CONCLUSIONS >
6. REFERENCES. 5

ILLUSTRATIONS.

Plate 1. Locality map (G331-4).
Plate 2. Layout of traverses (G331-2).

Plate 3. Cross—sections along traverses (G331-3).

ABSTRACT.

This report describes the results of a seismic refraction
survey of the Mary River 167.8 Mile dam site near Kenilworth, Queensland.
The survey was made at the request of the Queensland Irrigation and Water
Supply Commission.

On the steep south-east bank the depth to unweathered rock
varies from about 20 to 50 ft, At some places an intermediate layer was
found between the highly weathered and the unweathered rock; this layer
may be formed by hillside creep.

In the river bed the depth to unweathered rock is 32 p 6 ft3
at the lower flood terrace between 28 and 49 ft.

On the gently sloping north-west bank, the depth to unweathered
rock varies between about 30 and 60 ft.

(i1)



1.,  INTRODUCTION.

The Irrigation and Water Supply Commission (I.¥.S.C.) of
Queensland intends to build a dam on the Mar¥y River about 2 miles south
of Kenilworth., The purpose of the dam is to provide water storage, to
control the flow of water, and to ensure continuity of the water supply
for farms down stream from the dam site. The Commission refers to the
dam site as the Mary River 167.8M dam site. The approximate co-ordinates
of the centre of the site are 450/200 on the Gympie 4-mile military sheet.

At the request of the Commission, the Bureau of Mineral
Resources carried out a seismic refraction survey to determine the depth
and if possible the type of foundation rock at the dam site. Geological
information on the area was available from a memorandum by R.A. Dunlop
(geologist) to the Commission's Senior Planning Engineer.

The survey was carried out by a geophysical party of the. Bureau
with . A. Wiebenga, geophysicist as party leader, B.J. Bamber, geophysicist,
and J. Piggott, geophysical assistant. It lasted from 15th to 23rd
September+1959. The Comnission did the topographiccl surveying and supplied
four field assistants to help with the geophysical work.s’

24 GEQLOGY .

The wide Mary river valley has at the site a steep south-east
bank, and a gently sloping north-west bank, with two terraces (plate 3
traverse X) There are many outcrops of metamorphic rock, pebbles,
greywacke and sandy slate at the base of the steep S-E. bank. Quartz
veinlets are present throughout the metamorphics.

The bedding planes strilke at about 1400 to 1500 magneticy
and dip south-west at 50 to 6009, Outcrops exhibit close jointing and
minor faulting; Joints and faults are tightly re—-cemented with quartz.

The gently sloping N-W. bank consists of soil with many
_floaters of metamorphic rock. The tailings of an old bore indicate that
the country rock consists of greywacke, hard blue slate, and hard green
andesite; +the order in which these rocks occur is not known.

Alluvium“consisting of sand, sand-silt mixtures, and some
gravel,is found in the river bed and on the two flood terraces.

3. METHODS.

- For a description of the seismic refraction technique used
in this' survey, reference is made to a recent report of a survey for the
Commission by Polak and Mann (1959) .

The equipment used was a 12-channcl portable shallow—reflection/
refraction seismograph manufactured by the Midwestern Geophysical Laboratory
of Tulsa, Oklahoma; the Nidwestern geophones used have a natural frequency
of about 8 c/s, and respond only to vertical movement of the ground.

To calculate the elastic properties of a refractor the ratio
between tr%&erse and longitudinal wave velocities should be measured,
together with the longitudinal wave velocity. This is expressed by the
following formulae from Leet (1950, p.45):-
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Vg s transverse wave velocity
Nd is density

G~ is Poisson's ratio

B is Young's Modulus.

If the first threc items are expressed in C.G.S. units, E will be in

dyn/cmz.

To record the arrival time of the transversc waves, S.I1.E.
horizontal gecophoncs of 6 c/s natural frequency and a T.I.C. 3~component
well geophone of natural frequency 19 c/s were used.

4.  RESULTS.

Plate 1 is a locality map, plate 2 shows the layout of
traverses, and platc 3 shows cross-sections along traverses, with the
seismic results.

South-east bank.

The rcsults show that on the steep hillside the thickness
of soil or unconselidated matter (seismic velocity 1,000 ft/sec) is only
about 2 to 4 ft. It is slightly greater at station 415 (thickness about
8 ft.), probably owing to a gully.

Below the soil a layer with a seismic velocity of 5,000 to
54600 ft/sec and o thickness betwcen 20 and 50 ft., rcpresents the highly
weathered bedrock, overlying an unweathered bedrock with a seismic velocity
of 14,000 to 16,000 ft/sec.

At X7, A8 and A15 an intermecdiate layer of seismic velocity
8,000 to 10,000 ft/sec was found within the unweathored bedrock mentioncd
above. This layer probably represcnts a fracturcd, partially weathorcd
bedrock and because it is on the stecp bank, it may be caused by hillside
creep. It may bec prescent elscwhere on traverses X and A, but if so, it is
too thin to be detected.

The depth to the unweathered bedrock may be under-estimated
by a maximum of 15 to 30 ft. on the remainder of the X traverse wherc the
intermediate layer was not found.

Near X6 and X10 along traverse X, the unweathered rock profile
is stepped. At AT and A15 also therc are sharp steps which may be related
to the strike of the bedrock (approximatcly perpendicular to traverse A).

River Bed and lower flood terrace.

In the river bed at X16, the thickness of the wator-saturated

“alluvium overlying unweathered bedrock is 32 £ 6 ft.
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On the iower flood terrace, at X20, the thickness of
unconsolidated alluvium overlying unweathered bedrock is about 28 ft.
The seismic velocity of 920 ft/sec found for this alluvial material
indicates that during the survey the alluviur was not saturated with
water. A layer of water-saturated alluvium (seismic velocity about
54400 ft/sec) too thin to be detected by the seismic method employed
for this survey could be present, and might result in the depth to
unweathered bedrock being under-estimated by as much as 21 fi.

North-west bhank.

The arca between X23 and X32, in which traverse B is
located, is a river terracc. The soil thickness herc varics betwoen
2 and 6 ft. Between the surface soil and the unweathered bedrock
there is a layer with seismic velocities of between 4,800 and 6,000 ft/sec
which may bo interpretced as alluvial material. The depth to unweathered
bedrock is about 30 ft. near X23, close to the river, and incrcases to a
maximum of 55 ft. at X31.

On the hill slopc betwecen X32 and X45, and along traverse D,
the soil thickness varies between 4 ft. at X35 and 21 ft. at D21. The
seismic velocity found for weathcred bedrock varies between 4,500 and
6,000 ft/secn ilong Hraverses X and A the depth to unweathered bedrock
varies betwoen 40 and 60 ft.

The transition between the weathered hillside material
(eluvium) and the 2lluvium of the river terrace could not be recogniged

from the seismic rucords.

Accuracy of depth determinations.

In calculations by the method of differences the depth to a
seismic discontinuity is expressed as tnc product of "time-depth" and an
apparent velocity s

D = TV
in which D is depth
T is time—-depth
V is apparent velocity

Assuming that errors in Dy Ty, and V may be represcnted by dD, dT, and dV,
the relative errcr in T is given by

(aD)/D = (ar)/ + (av)/v

From the computations it appcars that the average error in T, irrespective
of signy, is 1.1 millisecond, or that the root-mean-square error in T from
18 observations is 1.3 millisec. The average time-depth for all traverses
is about 12 millisec § if the error dT is 'taken as 1.2 millisec. then the
relative error (dT)/T is about 0.1, or 10 per cent.

It is difficult to estimate the relative error (dV)/V but
the variations of seismic velocity in the weathered laycrs indicate that
thoy too arc probably about 10 per cent.

Hence (dD)/D is about 20 per cent; that is, the average
error in D irrespective of sign, or the root-mean-square crror in D, is
about 20 per cent. The average error in D may be larger than 20 per cent
if a layer is present which is too thin to be detccted by the seismic
method adopted for this survey. For instance near X20 on the flood
terrace, thc depth to bedrock could be 49 ft. instead of the 28 ft. indicated
on the cross-section.
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Velocities.,

Although the principal objective of the seismic method is
determination of the depth to elastic discontinuities, the seismic
velocities are an indication of weathering, jointing, and fracturing
of the rock. In general terms it may be said that the higher the
seismic velocity the more consolidated the sediments are, or the lcss
fractured, jointed, and weathered the bedrock.

Table 1 lists %ke interpretation in geological terms of
the seismic velocitics indicated on the sections of plate 2.

TABLE 1.
SEISMIC VELOCITY
IN FT/SEC ROCK TYPE
800 to 1,800 soil, unconsolidated material
4,500 to 6,000 wet sand or alluvium, consolidated
weathered material, highly weathercd
bedrock, eluvium.
8,000 to 10,000 fractured or jointed bedrock, partially
weathered.
13,000 to 18,000 slightly wcathered to unweathercd bedrock.

Elastic Properties.

The elastic propertics (see 3. Methods) of the unweathered
bedrock were determined on the N-W bank between X35 and X45 where,
according to geological information, the bedrock consists of groeywacke,
slate,or andesite.

Poisson's ratio was computed from the travel-times of
longitudinal and transverse waves, recocrded by thc 3~component geophone.
As usual, charges were fired in shallow shot-holes, and corrections for

. the depth of the refractor werc applied to the obscrved travel-times.

The average Poisson's ratio calculated from thrce sets of observations
was 0.373 £ 0.004.

A Poisson's ratio of 0.37 was calculatcd also from measurements
using horizontal and vertical geophones. The transverse wave recorded
by the horizontal gcophone was obtainced with the moving coil of the geophonc
vibrating in a plance perpendicular to the line joining shot and geophone.

The value adopted for Poisson's ratio for the unweathered
bedrock at this point is 0.37 t 0,01. With a longitudinal-wave vclocity
of 17,000 f? sec, a&d an ostimateg rock density of 2.60, Young's modulus
ig 3.9 x 10 dyn/cm s or 5.7 x 10 lbs/Sq in. This rcosult is probably
accurate within 5 pcr cent.

Bxperimental evidence shows that the values of all elastic
proportics obtained by dynamical methods (secismic wave propagation) arc
genc§ally higher than those obtained statically (U.S. Burcau of Reclamation,
1953) .
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CONCLUSIONS

The geophysical survey provided information on the depth
tc bedrock and on the rock types.

If it is desired to check the geophysical results along
traverse X by drilling, the following localities are suggested s—

X6

X10 and X11

To check the depth of the 8,300 ft/sec layer

To check the existence of sub-surface platform

X20 To check whether there is a laycr between the
unconsolidated sand and the bedrock
X25 and X35 To check the nature of the 4,500 to 6,000 ft/sec
layer and the depth to unwoathecred bedrock.
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